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ABSTRACT

Background Type 2 (non-insulin-dependent) dia-
betes is associated with a marked increase in the risk
of coronary heart disease. It has been debated wheth-
er patients with diabetes who have not had myocar-
dial infarctions should be treated as aggressively for
cardiovascular risk factors as patients who have had
myocardial infarctions.

Methods To address this issue, we compared the
seven-year incidence of myocardial infarction (fatal
and nonfatal) among 1373 nondiabetic subjects with
the incidence among 1059 diabetic subjects, all from
a Finnish population-based study.

Results The seven-year incidence rates of myo-
cardial infarction in nondiabetic subjects with and
without prior myocardial infarction at base line were
18.8 percent and 3.5 percent, respectively (P<0.001).
The seven-year incidence rates of myocardial infarc-
tion in diabetic subjects with and without prior myo-
cardial infarction at base line were 45.0 percent and
20.2 percent, respectively (P<0.001). The hazard ra-
tio for death from coronary heart disease for diabetic
subjects without prior myocardial infarction as com-
pared with nondiabetic subjects with prior myocar-
dial infarction was not significantly different from 1.0
(hazard ratio, 1.4; 95 percent confidence interval, 0.7
to 2.6) after adjustment for age and sex, suggesting
similar risks of infarction in the two groups. After
further adjustment for total cholesterol, hyperten-
sion, and smoking, this hazard ratio remained close
to 1.0 (hazard ratio, 1.2; 95 percent confidence inter-
val, 0.6 to 2.4).

Conclusions Our data suggest that diabetic pa-
tients without previous myocardial infarction have as
high a risk of myocardial infarction as nondiabetic
patients with previous myocardial infarction. These
data provide a rationale for treating cardiovascular
risk factors in diabetic patients as aggressively as in
nondiabetic patients with prior myocardial infarc-
tion. (N Engl J Med 1998;339:229-34.)
©1998, Massachusetts Medical Society.

TABETES is associated with a marked in-
crease (by a factor of two to four) in the
risk of coronary heart disease.!* Clinical-
ly established coronary heart disease itself
is associated with an increase in mortality from cor-
onary heart disease by a factor of three to seven, de-
pending on the mode of presentation.5¢ The plasma
cholesterol level is a strong predictor of the risk of
cardiovascular events both in patients with diabetes*”
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and in patients with coronary heart disease.>¢ The
high-risk status of these groups of patients and their
need for more aggressive lipid-lowering therapy have
been recognized by both the National Cholesterol
Education Program?® and the American Diabetes As-
sociation.”

The reduction in plasma lipids recommended by
the National Cholesterol Education Program is great-
er for patients with coronary heart disease than for
patients with diabetes. However, there were differing
opinions among members of the National Choles-
terol Education Program panel, with some suggest-
ing that diabetic patients should have the same in-
tensity of cholesterol-lowering therapy as patients
with coronary heart disease. Thus, there is contro-
versy about how aggressively to treat cardiovascular
risk factors in patients with diabetes. It has been sug-
gested that such patients should be treated as if they
had established coronary heart disease.!0

Additional interest has focused on the role of lip-
id-lowering therapy in reducing coronary heart dis-
ease in patients with diabetes since data on the effi-
cacy of lipid-lowering therapy with simvastatin and
pravastatin in patients with both diabetes and pre-
existing coronary heart disease were published by
the Scandinavian Simvastatin Survival Study!'-12 and
the Cholesterol and Recurrent Events study.!? In the
Scandinavian Simvastatin Survival Study,!2 lipid-low-
ering therapy produced a greater reduction in the
rate of coronary events in diabetic subjects than in
nondiabetic subjects (55 percent vs. 32 percent).
However, in the Cholesterol and Recurrent Events
study,!3 there were similar reductions in diabetic and
nondiabetic subjects (27 percent and 25 percent, re-
spectively).

One way to assess whether patients with diabetes
and patients who already have clinical coronary heart
disease have a similar risk of cardiovascular events is
to compare the risk of such events in diabetic sub-
jects with and without prior coronary heart disease
with that in nondiabetic subjects with and without
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prior coronary heart disease. In previous reports, the
excess risk of coronary events in patients with prior
myocardial infarction (a six-to-sevenfold difference)56
was higher than the excess risk in diabetic patients
(a two-to-fourfold difference).l* However, compar-
isons across populations are difficult. Furthermore,
diabetic patients are overrepresented among patients
with myocardial infarction,'# and diabetic patients
with myocardial infarction have a worse prognosis
than nondiabetic patients with myocardial infarc-
tion.}+1¢ Little information is available on mortality
from coronary heart disease in diabetic patients with-
out prior myocardial infarction as compared with
nondiabetic patients with prior myocardial infarc-
tion. We examined this issue in a well-characterized
Finnish population-based cohort using standardized
criteria for both type 2 diabetes and myocardial in-
farction.!”

METHODS

The study was approved by the ethics committees of Kuopio
University Hospital and the Turku University Central Hospital.
All subjects gave informed consent.

Cross-Sectional Study
Subjects with Type 2 Diabetes

The Finnish Social Insurance Institution maintains a central
register of all patients with diabetes who receive reimbursement
for drugs. On the basis of information from this register, we iden-
tified all diabetic patients 45 to 64 years of age born and living in
the Kuopio University Hospital district in eastern Finland or the
Turku University Central Hospital district in western Finland. The
formation of the final patient population, consisting of 510 dia-
betic subjects from eastern Finland and 549 from western Finland
who participated in the study from 1982 to 1984 (participation
rates, 83 and 79 percent, respectively) has been previously
described.’® One hundred twenty-cight subjects with insulin-
dependent diabetes had previously been excluded on the basis of
C-peptide measurements. None of the subjects who were classi-
fied as having type 2 diabetes according to World Health Organ-
ization (WHO) criteria!® and who were included in the final study
population had a history of ketoacidosis. Only nine subjects (sev-
en men and two women) with type 2 diabetes were receiving hy-
polipidemic drugs at base line.

Nondiabetic Subjects

A random control sample of subjects born and living in the
Kuopio University Hospital district or the Turku University Cen-
tral Hospital district was taken from the population register that
listed all persons 45 to 64 years of age living in these districts.!$
The participation rates were 79 percent in the Kuopio district and
85 percent in the Turku district.

The study protocol was carried out during one outpatient visit
at the Clinical Research Unit of the University of Kuopio or the
Rehabilitation Research Center of the Social Insurance Institu-
tion in Turku. These methods have been previously described in
detail.!8 The visit included an interview concerning smoking,
alcohol intake, physical activity, the use of drugs, and any history
of chest pain suggestive of coronary heart disease. All medical rec-
ords of subjects who reported that they had been admitted to the
hospital for chest pain were reviewed. Review of the medical rec-
ords was performed by two investigators after a careful standard-
ization of the methods. The WHO criteria for verified definite or
possible myocardial infarction, based on chest-pain symptoms, elec-
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trocardiographic changes, and enzyme determinations, were used
to define previous myocardial infarction.20

The WHO criteria for verified definite or possible stroke were
used in the ascertainment of the diagnosis of previous stroke,
which was defined as a clinical syndrome consisting of neurologic
symptoms persisting for more than 24 hours.2! Thromboembolic
and hemorrhagic strokes, but not subarachnoid hemorrhage,
were included in the diagnosis of stroke.

Smoking status was based on an interview. In all statistical analy-
ses, subjects were classified as nonsmokers, former smokers, or cur-
rent smokers.

Blood pressure was measured to the nearest 2 mm Hg with a
mercury sphygmomanometer with the subject in the sitting po-
sition after a five-minute rest. Subjects were classified as having
hypertension if they were receiving drug treatment for hyperten-
sion or if they had a systolic pressure of at least 160 mm Hg or a
diastolic pressure of at least 95 mm Hg. Hypertension was treated
as a dichotomous variable in our statistical analyses.

Blood specimens were drawn at 8 a.m. after a 12-hour fast.
Fasting plasma glucose was determined by the glucose oxidase
method (Boehringer Mannheim, Mannheim, Germany). Serum
lipids and lipoproteins were measured in fresh serum samples.!$
Lipids and lipoproteins were treated as continuous variables in
the statistical analyses.

Follow-up Study

In 1990, a questionnaire about hospitalization for acute chest
pain and symptoms suggestive of stroke was sent to every surviv-
ing member of the original study cohort. All medical records of
the subjects who died between the base-line examination and De-
cember 31, 1989, or who reported on the questionnaire that they
had been admitted to the hospital because of chest pain or symp-
toms suggestive of stroke between the base-line examination and
December 31, 1989, were reviewed by one of the investigators.
The modified WHO criteria for definite or possible myocardial
infarction, which are based on chest pain, electrocardiographic
changes, and enzyme determinations, were used in the ascertain-
ment of the diagnosis of myocardial infarction, as was done in the
base-line study.?® In the final classification of the causes of death,
hospital records and autopsy records were used, if available. To
ensure that the data collection was complete, a computerized
hospital-discharge register was used to check for hospital admis-
sions of all participants in the base-line study; in cases of symp-
toms of myocardial infarction or stroke, medical records were also
checked. Copies of death certificates of the subjects who had died
were obtained from the Central Statistical Office of Finland.

The WHO definition of definite and possible stroke used in the
ascertainment of a new stroke event was similar to that used in
the base-line study — that is, a clinical syndrome consisting of a
neurologic deficit persisting for more than 24 hours (nonfatal
stroke), without the presence of other diseases that explained the
symptoms.2! The causes of death from stroke included codes 431
through 434 of the International Classification of Diseases, Ninth
Revision.

Statistical Analysis

Data analyses were performed with the SPSSX and SPSS/PC
programs (SPSS, Chicago). The results for continuous variables
are given as means (*SE) or percentages. The differences among
the groups were assessed by logistic regression (for dichotomous
data) or Student’s two-tailed t-test (for continuous data) for
independent samples, when appropriate. Univariate and multi-
variate Cox regression models?? were used to investigate the as-
sociation of cardiovascular risk factors with the incidence of car-
diovascular events. Kaplan—Meier survival curves were used to
construct figures for mortality from coronary heart disease. The
numbers of subjects at risk for cardiovascular events during the
follow-up period were as follows. Of nondiabetic subjects with-
out prior myocardial infarction at base line, 1278 were at risk at
two years, 1266 at four years, 1246 at six years, and 681 at seven
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years. Of nondiabetic subjects with prior myocardial infarction at
base line, 64 were at risk at two years, 58 at four years, 56 at six
years, and 27 at seven years. Of subjects with type 2 diabetes
without prior myocardial infarction at base line, 819 were at risk
at two years, 762 at four years, 691 at six years, and 455 at seven
years. Of subjects with type 2 diabetes with myocardial infarction
at base line, 155 were at risk at two years, 138 at four years, 105
at six years, and 731 at seven years. Since the maximal follow-up
period was 7.93 years, no subjects were at risk at 8 years. All
P values are two-sided.

RESULTS

Table 1 shows the clinical characteristics of the
subjects according to diabetic status and history of
myocardial infarction at base line. In the overall pop-
ulation, type 2 diabetes was associated with older
age, higher body-mass index, a greater prevalence of
hypertension, higher triglyceride levels, and lower lev-
els of low-density lipoprotein (LDL) and high-den-
sity lipoprotein (HDL) cholesterol. In the overall
population, prior myocardial infarction was associat-
ed with male sex, smoking, older age, hypertension,
obesity, higher total and LDL cholesterol and tri-
glyceride levels, and lower HDL cholesterol levels.

Table 2 shows the seven-year incidence of cardio-
vascular events in relation to diabetic status and histo-
ry of myocardial infarction at base line. In both dia-
betic and nondiabetic subjects, a history of myocardial
infarction at base line was significantly associated with
an increased incidence of myocardial infarction (fatal
and nonfatal), stroke (fatal and nonfatal), and death

from cardiovascular causes. The incidence of myo-
cardial infarction among nondiabetic subjects was
18.8 percent in those with prior myocardial infarc-
tion and 3.5 percent in those without prior myocar-
dial infarction. Among diabetic subjects, the inci-
dence of myocardial infarction was 45.0 percent in
those with prior myocardial infarction and 20.2 per-
cent in those without prior myocardial infarction. In
the overall population, both diabetes and the preva-
lence of myocardial infarction were associated with
an increased incidence of cardiovascular events.

Figure 1 shows the Kaplan—Meier estimates of the
probability of death from coronary heart disease.
Diabetic subjects with prior myocardial infarction
had the worst prognosis, whereas nondiabetic sub-
jects without prior myocardial infarction had the best
prognosis. Diabetic subjects without prior myocardial
infarction and nondiabetic subjects with prior myo-
cardial infarction had an intermediate survival rate,
and these two groups had similar outcomes.

Table 3 shows the results of a Cox proportional-
hazards model comparing diabetic subjects without
prior myocardial infarction with nondiabetic sub-
jects with prior myocardial infarction. The age- and
sex-adjusted hazard ratio was not significantly differ-
ent from 1.0 (hazard ratio, 1.4; 95 percent confi-
dence interval, 0.7 to 2.6), suggesting that these
groups have similar mortality rates. Further adjust-
ment for LDL cholesterol, HDL cholesterol, triglyc-

TaABLE 1. Risk FACTORS FOR CORONARY HEART DISEASE AT BASE LINE IN RELATION TO THE HISTORY OF MYOCARDIAL INFARCTION
IN SUBJECTS WITH TYPE 2 DIABETES AND IN NONDIABETIC SUBJECTS.*

VARIABLET NONDIABETIC SUBJECTS
PRIOR MI NO PRIOR MI P
(N=69) (N=1304) VALUE
Sex (M/F) 51/18 587/717 <0.001
Age (yr) 56.2%0.2 54.6+0.6 0.02
Body-mass index 27.3%+0.5 26.5%0.1 0.12
Hypertension (%) 43.5 319 0.05
Total cholesterol (mmol/liter) 7.07+0.16 6.80%+0.04 0.1
HDL cholesterol (mmol/liter) 1.32+0.05 1.50%0.01 <0.001
LDL cholesterol (mmol/liter) 4.93+0.14 4.71+0.03 0.2
Triglycerides (mmol/liter) 2.00x0.15 1.40+0.02 <0.001
Smoking status (%)
Never smoked 33.3 59.2 0.02
Former smoker 36.2 21.6
Current smoker 30.4 19.2
Duration of diabetes (yr) — — —
Fasting plasma glucose 5.40=0.08 5.43+0.02 0.8

(mmol/liter)

SusJecTs WITH TYPE 2 DIABETES ALL SuBJECTS

P VALUE FOR P VALUE FOR
PRIOR MI NO PRIOR MI P PRIORMIVS.NO  DIABETES VS.
(N=169) (N=890) VALUE PRIOR MI NO DIABETES
115/54 466,/424 <0.001 <0.001 0.1
59.1+0.3 57.9+0.2 0.007 <0.001 <0.001
29.3+0.3 29.2%0.2 0.922 0.001 <0.001
66.9 62.2 0.3 <0.001 <0.001
7.04+0.12 6.68*0.06 0.01 0.01 0.2
1.08+0.02 1.23+0.01 <0.001 <0.001 <0.001
4.68+0.02 4.39+0.04 0.003 0.06 <0.001
3.07+0.14 2.52+0.03 0.001 <0.001 <0.001
46.7 66.8 0.8 0.01 0.3
37.3 16.6
16.0 16.6
8.05+0.83 8.06%0.14 1.0 1.0 1.0
11.89+0.31 11.67%+0.13 0.5 <0.001 <0.001

*Two-way analysis of variance was performed for continuous variables, and logistic regression was performed for noncontinuous variables. MI denotes
myocardial infarction, HDL high-density lipoprotein, and LDL low-density lipoprotein. Plus—minus values are means =SE.

tThe body-mass index was calculated as the weight in kilograms divided by the square of the height in meters. To convert values for cholesterol to
milligrams per deciliter, divide by 0.02586. To convert values for triglycerides to milligrams per deciliter, divide by 0.01129. To convert values for glucose

to milligrams per deciliter, divide by 0.05551.
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TABLE 2. INCIDENCE OF CARDIOVASCULAR EVENTS DURING A SEVEN-YEAR FOLLOW-UP
IN RELATION TO HISTORY OF MYOCARDIAL INFARCTION IN SUBJECTS WITH TYPE 2 DIABETES
AND IN NONDIABETIC SUBJECTS.*

EVENT NONDIABETIC SUBJECTS

PRIOR NO
MI PRIOR MI P

(N=69) (N=1304) VALUE

Fatal or nonfatal MI

Incidence during follow-up 18.8 3.5 <0.001
Events/100 person-yr 3.0 0.5

Fatal or nonfatal stroke
Incidence during follow-up 7.2 1.9 0.01
Events/100 person-yr 1.2 0.3

Death from cardiovascular

causes

Incidence during follow-up 15.9 2.1 <0.001
Events/100 person-yr 2.6 0.3

SusJecTs WITH TYPE 2 DIABETES ALL SuBJECTS

P VALUE FOR

PRIOR NO PRIOR MI P VALUE FOR
MI PRIOR MI P Vs. DIABETES VS.
(N=169) (N=890) VALUE NO PRIOR MI NO DIABETES
45.0 20.2 <0.001 <0.001 <0.001
7.8 3.2
19.5 10.3  <0.001 <0.001 <0.001
3.4 1.6
42.0 154 <0.001 <0.001 <0.001
7.3 2.5

*P values were calculated with Cox proportional-hazards

MI denotes myocardial infarction.

models. The Cox models were adjusted for age and sex.
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Figure 1. Kaplan—Meier Estimates of the Probability of Death from Coronary Heart Disease in 1059 Sub-
jects with Type 2 Diabetes and 1378 Nondiabetic Subjects with and without Prior Myocardial Infarction.

MI denotes myocardial infarction. | bars indicate 95 percent confidence intervals.

eride, smoking, and hypertension did not signifi-
cantly change the results.

DISCUSSION

We confirmed earlier reports!#1¢ that both diabet-
ic and nondiabetic subjects with prior myocardial in-
farction have an increased incidence of cardiovascu-
lar events. The seven-year rate of major cardiovascular
events for diabetic subjects with previous myocardial
infarction in this study was similar to that reported
for diabetic subjects in the Scandinavian Simvastatin
Survival Study (45 percent)!2 over a period of 5.4

232 July 23, 1998

years, a somewhat shorter period of follow-up. As
expected, diabetic subjects had much higher mortal-
ity from coronary heart disease than nondiabetic
subjects, confirming previous results.!#

The more critical issue is whether diabetic sub-
jects without prior myocardial infarction have a risk
of infarction similar to that of nondiabetic subjects
with prior myocardial infarction. If this is true, it
suggests a similar base-line risk of cardiovascular dis-
ease, and perhaps that similar management of car-
diovascular risk factors in these groups is indicated.
Our data indicate a similar incidence of cardiovascu-
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TABLE 3. RESULTS OF COX PROPORTIONAL-HAZARDS MODEL
COMPARING MORTALITY FROM CORONARY HEART DISEASE
IN 890 SUBJECTS WITH TYPE 2 DIABETES WITHOUT PRIOR
MYOCARDIAL INFARCTION WITH THAT IN 69 NONDIABETIC

SUBJECTS WITH PRIOR MYOCARDIAL INFARCTION
DURING A SEVEN-YEAR FoLLOW-UP.*

Hazarp RATIO FOR DIABETIC

VARIABLE SuBJECTS (95% Cl) P VaLue
Adjusted for age, sex 1.4 (0.7-2.6) 0.4
Adjusted for age, sex, smoking status, 1.2 (0.6-2.4) 0.5

hypertension, LDL cholesterol,
HDL cholesterol, and triglycerides

*CI denotes confidence interval, LDL low-density lipoprotein, and
HDL high-density lipoprotein.

lar disease in these groups, both after adjustment for
demographic variables (age and sex) and after fur-
ther adjustment for other cardiovascular risk factors
(smoking, hypertension, and LDL cholesterol, HDL
cholesterol, total cholesterol, and triglyceride levels).
The number of diabetic subjects in this report was
large, and the samples of subjects with diabetes and
without diabetes were population-based, suggesting
that these results may be generalizable. However, the
confidence intervals around the risk ratios were wide,
indicating that the power of the study to detect dif-
ferences between the two groups was limited.

It was recently shown that the one-year case fatal-
ity rate for a first myocardial infarction (from the
onset of symptoms, thus including prehospitaliza-
tion mortality) in the population studied in the Finn-
ish Monitoring International Cardiovascular Disease
(FINMONICA) trial'¢ was 45 percent in diabetic men
and 39 percent in diabetic women. These case fatal-
ity rates were significantly higher than the rates in
nondiabetic subjects (38 percent for men and 25
percent for women). Of the diabetic subjects who
died, 50 percent of men and 25 percent of women
died before hospitalization. These patients, by defi-
nition, could not benefit from secondary prevention
strategies, indicating (especially in diabetic men) that
aggressive management of cardiovascular risk factors
in diabetic subjects should precede the onset of clin-
ical coronary heart disease.

Several clinical trials have shown that 3-hydroxy-
3-methylglutaryl—coenzyme A (HMG-CoA) reduc-
tase inhibitor therapy reduces the incidence of cardio-
vascular events in diabetic patients with prior coronary
heart disease. In the Scandinavian Simvastatin Sur-
vival Study, simvastatin reduced the incidence of cor-
onary heart disease events in diabetic subjects by 55
percent.!? In the Cholesterol and Recurrent Events
study, pravastatin reduced the incidence of cardiovas-
cular events in diabetic subjects by 27 percent.!? Un-
fortunately, there are no results from clinical trials of
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lipid-lowering therapy with HMG-CoA reductase in-
hibitors in diabetic patients without prior coronary
heart disease. Such trials are currently under way.

One potential limitation of the current study is that
the rates of mortality from coronary heart disease in
Finland are among the highest in the world.2? How-
ever, for a number of reasons, we believe our data are
likely to be generalizable to countries with lower
rates of coronary heart disease. Within Finland, rates
of coronary heart disease vary widely,? ranging from
very high in eastern Finland (Kuopio) to lower in
western Finland (Turku). In Turku, the rate of cor-
onary heart disease in men is somewhat higher than
that in men in the United States, whereas the rate of
coronary heart disease in women in Turku is actually
lower than that in women in the United States.?
Furthermore, in this population, the relation be-
tween type 2 diabetes and both the prevalence!8 and
incidence?* of coronary heart disease is similar in
both high-risk areas (eastern Finland) and moderate-
risk areas (western Finland).

Finally, we completed a preliminary analysis of
atherosclerosis (indicated by intimal-wall thickness
as assessed by B-mode ultrasonography of the com-
mon and internal carotid arteries) in the Insulin Re-
sistance Atherosclerosis Study, a multiethnic study
involving Hispanics, non-Hispanic whites, and Afri-
can Americans in the United States.2s Carotid-artery
intimal-wall thickness was very similar in diabetic
subjects without clinical coronary artery disease and
nondiabetic subjects with clinical coronary artery
disease. Diabetic subjects with coronary artery dis-
ease had the greatest intimal-wall thickness, and non-
diabetic subjects without coronary artery disease had
the lowest. These results support the current find-
ings and, furthermore, suggest that the high rate of
coronary heart disease in diabetic patients without
vascular disease at base line may be due to acceler-
ated atherosclerosis.

In conclusion, we have shown that patients with
type 2 diabetes who have not had a myocardial infarc-
tion have a risk of infarction similar to that among
nondiabetic patients who have had a prior myocar-
dial infarction. This observation, combined with the
results of previous studies showing the efficacy of
lipid-lowering therapy in diabetic patients with cor-
onary heart diseasel?!3 and the high mortality (in-
cluding prehospital mortality) after myocardial in-
farction,#16 suggests that all persons with diabetes
could be treated as if they had prior coronary heart
disease. The best way to answer this question more
definitively would be to conduct a clinical trial com-
paring the effect of different levels of lipid-lowering
therapy on coronary heart disease in diabetic sub-
jects. Clinical trials, however, are very expensive and
take many years to complete. In the short term, fur-
ther confirmation of our findings may come from
other observational studies.
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