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ABSTRACT

Background: People with type 2 diabetes mellitus are at
high risk for cardiovascular disease. In some studies, the
mortality rate among people with this condition has been
equivalent to that among people with cardiovascular dis-
ease. We compared cardiovascular mortality between inci-
dent cases of diabetes and cardiovascular disease.

Methods: The study population was part of a random sam-
ple of 4376 men from Quebec, Canada, aged 35 to 64
years, who did not have cardiovascular disease in 1974 and
who were followed until 1998. Three groups of incident
cases were identified: diabetes without cardiovascular dis-
ease, first cardiovascular event (myocardial infarction, un-
stable angina or stroke) without diabetes, and both car-
diovascular disease and diabetes. These cases were
age-matched to a control group without diabetes or car-
diovascular disease.

Results: During the 24-year follow-up period, new diabetes
without cardiovascular disease was documented in
137 men. A first cardiovascular event without diabetes was
documented in 527 men. Relative to the 627 controls, men
with 1 of the 2 diseases of interest had higher cardiovascu-
lar mortality (age-adjusted relative risk [RR] 3.11, 95% confi-
dence interval [Cl] 1.96-4.92) for those with diabetes and
4.46 (95% Cl 3.15-6.30) for those with cardiovascular dis-
ease). However, within the first 5 years after diagnosis, men
with cardiovascular disease had higher cardiovascular mor-
tality than men with diabetes (age-adjusted RR 2.03, 95% Cl
1.01-4.08).

Interpretation: Men with isolated type 2 diabetes and men
with isolated cardiovascular disease had similar cardiovascu-
lar mortality rates several years after initial diagnosis of ei-
ther condition. These findings reinforce the need to prevent
and optimally manage diabetes and cardiovascular disease.

Une version francaise de ce résumé est disponible a 1’adresse
www.cmaj.ca/cgi/content/full/180/1/40/DC1
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an epidemic, affecting more than 170 million people
worldwide.' In 2001, it was estimated that diabetes
prevalence would increase by nearly 50% by the year 2010."!
Epidemiologic studies performed in randomly sampled pop-
ulations and initiated in the 1970s and 1980s have shown

I n 1971, type 2 diabetes mellitus was already considered
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that diabetes increases the risk of all-cause death, as well as
death due to cardiovascular disease and coronary artery dis-
ease.”” In some studies,””"” but not all studies,"** coronary
or cardiovascular mortality among people with type 2 dia-
betes without previous cardiovascular disease was equiva-
lent to that of people without diabetes who had had a first
myocardial infarction or first cardiovascular event. Thus,
there is controversy as to whether diabetes alone confers a
risk of cardiovascular mortality similar to that associated
with having had a first coronary or cardiovascular event.
The differences in findings among various studies may be
attributable to several factors such as age, sex, duration of
diabetes and cardiovascular disease, ethnicity, cardiovascu-
lar risk factors and therapies. Furthermore, most studies
used prevalent cases without considering the duration of
cardiovascular disease or diabetes and did not exclude high-
risk patients who had angina or intermittent claudication be-
fore the diagnoses of diabetes and cardiovascular disease.
The rationale for undertaking the present study was the
need for more information about the cardiovascular prognosis
of men with type 2 diabetes relative to men with cardiovascu-
lar disease. We used incident instead of prevalent cases, with-
out prior angina and without intermittent claudication. We
speculated that the adverse prognosis associated with a diag-
nosis of diabetes would be similar to the prognosis associated
with a diagnosis of cardiovascular disease over the long term
but would be less similar over the short term. We formulated
2 hypotheses: first, that within the first few years after diagno-
sis, the risk of a fatal cardiovascular event would be higher
among men with a first cardiovascular event and no diabetes
than among men with type 2 diabetes and no cardiovascular
disease; and second, that over the longer term, the risk of death
within these 2 clinical subsets would tend toward equivalence.

Methods

Study design and participants
The study population was part of the Quebec Cardiovascu-
lar Study, a prospective cohort study, which has been de-
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Box 1: Definitions of incident cases and outcomes

e Type 2 diabetes was either self-reported or diagnosed
on the basis of fasting plasma glucose > 7.0 mmol/L.

e Myocardial infarction required at least 2 of the
following 3 features: characteristic symptoms,
electrocardiogram showing new Q-wave or evolving
ST-segment elevation or cardiac enzymes at least twice
the upper limit of the normal range.

e Unstable angina required typical symptoms and an
electrocardiographic tracing showing characteristic
ischemic ST-T changes.

e Stroke required a sudden neurological deficit of

vascular origin, lasting at least 24 hours, but excluding
trauma, tumour or malformation.

scribed previously.** Briefly, from December 1973 to June
1974, we asked a large sample of men who were 35 to 64
years of age in 1973 and who represented 65% of a random
sample of the suburbs in the city of Québec, Canada (ac-
cording to the age strata of men in the province of Quebec)
to participate first in an assessment of risk factors and then
in a prospective evaluation. We excluded men with clinical
evidence of cardiovascular disease (as indicated by a med-
ical examination and electrocardiographic findings on entry
to the study). For the present report, we also excluded men
who had diabetes before study entry and those who had
effort angina or intermittent claudication before diagnosis
of diabetes or diagnosis of first myocardial infarction, un-
stable angina or stroke.

The study was approved by the Comité d’éthique de la
recherche de la Faculté de medicine de I’Université de Mon-
tréal. Participants gave written consent for data to be gathered
from their medical charts.

Data collection
At study entry, each man answered a standardized validated
medical questionnaire administered by a specially trained
nurse and underwent a medical examination, which in-
cluded electrocardiography. Smoking was self-reported,
and men were classified as smokers or nonsmokers (de-
fined as never smoked or discontinued smoking a year or
more before entry into the study). We computed baseline
blood pressure as the mean of 2 blood pressure measure-
ments taken 5 minutes apart with a standard mercury
sphygmomanometer after the participant had been seated
for at least 5 minutes. Each man provided a nonfasting
blood sample for determination of serum cholesterol. We
defined level of education as number of years of attendance
at school. For each participant, we documented family his-
tory of coronary artery disease and stroke (father, mother,
brother or sister). We determined baseline body mass index
(BMI) for participants for whom we had the necessary data
for this calculation.

Participants returned to the hospital clinic for re-
evaluation in 1980 and 1985. At these follow-up visits, each
man answered a standardized and validated medical ques-
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tionnaire, underwent blood pressure measurements and elec-
trocardiography, and provided fasting blood samples for the
determination of lipid profile in the fasting state. At the
1985 evaluation, several participants were not fasting when
they arrived at the clinic, so we could not obtain their fast-
ing lipid profiles. Participants who were unable to attend the
clinic in person (because they had moved from the city of
Québec, lived in a retirement home or were in hospital)
answered the questionnaire by telephone or by mail. These
participants did not undergo a medical examination, but we
obtained information on their health status and any hospital
stays. In 1990 and 1997-1998, the men answered a stan-
dardized questionnaire about their medical status by letter
or telephone.

Men with incident cases of diabetes or cardiovascular
disease occurring between 1974 and 1998 were divided into
3 groups: those with incident type 2 diabetes but without
cardiovascular disease; those with a first myocardial infarc-
tion, first episode of unstable angina or first stroke without
diabetes or previous cardiovascular event; and those with
both type 2 diabetes and a first myocardial infarction, first
episode of unstable angina or first stroke without other pre-
vious cardiovascular event. Clinical definitions appear in
Box 1. The control group consisted of men without diabetes
or cardiovascular disease, age-matched to men in the 3
other groups. Both incident cases and controls were fol-
lowed from the incidence (sampling) time to the events or
the end of study.

Outcomes

The main outcome was fatal cardiovascular disease, including
death due to coronary artery disease, stroke, congestive heart
failure, pulmonary embolism or ruptured aneurysm, as well as
sudden death or cardiovascular periprocedural death. The
other outcome was total mortality. Three cardiologists used
hospital charts to adjudicate incident cases and outcomes. For
deaths that occurred outside the hospital, we contacted the pa-
tient’s next-of-kin to document the circumstances of death.
We confirmed this information by checking the death certifi-
cate or a note from the provincial registry or the physician
who attested the death.

Statistical analysis

We performed univariable and age-adjusted analyses using
Cox regression models. We applied age-stratified modelling
(age dichotomized as < 60 years or > 60 years old). Relative
risks (RRs) are presented with their 95% confidence inter-
vals (ClIs). We computed Kaplan—Meier survival probability
in each group for cardiovascular mortality and total mortal-
ity. We used the log-rank test to compare survival curves
among groups. We did not adjust for systolic blood pressure,
smoking status, serum cholesterol, family history of cardio-
vascular disease or any other factors except age, because for
most patients these risk factors were unknown at the inci-
dence time or during follow-up. Nevertheless, we character-
ized the risk factor status of the 4 groups at baseline (in
1974) and in 1985 and compared them using analysis of vari-
ance F tests or y tests.
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Results

Study population

A total of 4637 men initially agreed to participate in the Que-
bec Cardiovascular Study. We excluded 245 men at the time
of study entry, because they already had clinical evidence of
cardiovascular disease. An additional 16 men were lost to
follow-up after the first evaluation, which left a sample of
4376 participants. Follow-up was incomplete for a further 155
(3.5%) men: we determined that 31 men were still living in
1977 but were subsequently lost to follow-up, 23 were still liv-
ing in 1979 but were subsequently lost to follow-up, 3 were

still living in 1981 but were subsequently lost to follow-up,
and 98 were still living in 1990 but were subsequently lost to
follow-up. Available data for these participants were included
in the study.

In 1974, 3066 (70.1%) of the 4376 men were smokers,
and 854 (19.5%) had blood pressure above 160/95 mm Hg;
these 2 characteristics were inversely related to the number
of years at school. A total of 426 (9.7%) men had serum
cholesterol of at least 6.2 mmol/L, but this characteristic
was not inversely related to the number of years at school.
At baseline, we determined BMI for 2108 (48.2%) of the
4376 participants.

Table 1: Characteristics of men according to diagnosis of diabetes and cardiovascular disease (CVD) and outcome

Group; mean (SD)* p value

Diabetes and no

Neither diabetes Diabetesand  CVD and no CVD and Group CVD v. CVD and
Characteristic nor CVD no CVD diabetes diabetes differences no diabetes
Baseline (1974) n=627 n=137 n =527 n=18
Age, yr 48.5 (7.8) 48.9 (7.7) 49.0 (8.0) 52.1 (6.2) 0.21 0.91
Systolic blood pressure, mm Hg 137.1 (18.0) 146.2 (19.4) 143.1 (20.0) 152.9 (24.5) < 0.001 0.10
Diastolic blood pressure, mm Hg 83.8(10.3) 89.6 (11.1) 87.0 (11.3) 92.1 (14.4) < 0.001 0.016
BMI,t kg/m’ 25.4 (3.7) 28.8 (4.7) 25.8 (3.9) 29.7 (6.1) < 0.001 < 0.001
Cholesterol, mmol/L 4.81 (0.90) 4.92 (1.00) 5.11 (1.10) 5.40 (0.80) < 0.001 0.051
Years at school 9.8 (3.5) 9.4 (3.9) 10.0 (3.8) 8.1 (3.0) 0.07 0.11
Family history of CVD, no. (%) 150 (23.9) 42 (30.7) 163 (30.9) 2(11.1) 0.008 0.85
Current smoker, no. (%) 439 (70.0) 101 (73.7) 400 (75.9) 12 (66.7) 0.18 0.60
In 1985% n =598 n=125 n =488 n=17
Age, yr 59.1 (7.6) 59.3 (7.3) 59.4 (7.8) 62.5 (5.8) 0.30 0.91
Systolic blood pressure,§ mm Hg 133.2 (18.6) 138.1 (18.9) 136.7 (19.3) 139.7 (19.4) 0.010 0.50
Diastolic blood pressure,§ mm Hg 81.4 (10.8) 81.1 (9.7) 82.3(11.3) 81.0 (11.4) 0.56 0.32
BMI, T kg/m? 26.0 (3.6) 28.7 (3.9) 26.5 (4.3) 28.1 (4.2) < 0.001 < 0.001
Cholesterol,9 mmol/L 5.67 (1.00) 5.52 (1.00) 5.93 (1.20) 5.96 (1.00) 0.004 0.008
HDL cholesterol,** mmol/L 1.06 (0.27) 0.93 (0.23) 0.97 (0.24) 0.96 (0.21) < 0.001 0.13
LDL cholesterol,tt mmol/L 3.82 (0.90) 3.58 (0.80) 4.05 (0.99) 3.94 (1.10) < 0.001 < 0.001
Apolipoprotein B,§§ mg/dL 114.9 (30.4) 117.6 (29.9) 126.1 (33.9) 124.0 (28.9) < 0.001 0.053
Family history of CVD, % 224 (37.5) 55 (44.0) 260 (53.3) 11 (64.7) < 0.001 0.06
Current smoker, % 198 (33.1) 37 (29.6) 196 (40.2) 9 (52.9) 0.017 0.026
Outcome n =627 n=137 n=527 n=18
Total deaths, no. (%) 140 (22.3) 60 (43.8) 204 (38.7) 9 (50.0)
Total CVD deaths, no. (%) 43 (6.9) 32 (23.4) 129 (24.5) 7 (38.9)

Note: BMI = body mass index, HDL = high-density lipoprotein, LDL = low-density lipoprotein, SD = standard deviation.

*Unless indicated otherwise.

tIn 1974, body mass index was measured in 45% of men with neither diabetes nor cardiovascular disease, in 53% of those with diabetes only, in 56% of those
with cardiovascular disease only, and in 45% of those with both conditions. In 1985, BMI was measured in 72% of men with neither diabetes nor cardiovascular
disease, in 62% of those with diabetes only, in 83% of men with cardiovascular disease, and 94% of those with both conditions.

$#Numbers of participants in each group were lower in 1985 because of deaths since baseline.

§In 1985, blood pressure was measured in 82% of men with neither diabetes nor cardiovascular disease, in 80% of those with diabetes only, in 83% of those with
cardiovascular disease only, and in 94% of those with both conditions.

lin 1985, total cholesterol was measured in 59% of men with neither diabetes nor cardiovascular disease, in 50% of those with diabetes only, in 57% of those
with cardiovascular disease only, and in 41% of those with both conditions.

**In 1985, HDL cholesterol was measured in 59% of men with neither diabetes nor cardiovascular disease, in 54% of those with diabetes only, in 57% of those
with cardiovascular disease only, and in 41% of those with both conditions.

t1In 1985, LDL cholesterol was measured in 58% of men with neither diabetes nor cardiovascular disease, in 52% of those with diabetes only, in 56% of those
with cardiovascular disease only, and in 41% of those with both conditions.

§8In 1985, apolipoprotein B was measured in 59% of men with neither diabetes nor cardiovascular disease, in 54% of those with diabetes only, in 57% of those
with cardiovascular disease only, and in 41% of those with both conditions.
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Between 1974 and 1985, 1112 men died. For the remain-
ing 3264 men, information was complete for age and smok-
ing status. We obtained blood pressure measurements for
2676 (82.0%) of 3264 participants and the lipid profile (total
cholesterol, low-density lipoprotein [LDL] cholesterol, high-
density lipoprotein [HDL] cholesterol and apolipoprotein B)
for 1828 (56.0%) of these 3264 participants.

During the 24-year follow-up, 137 men had a new diag-
nosis of type 2 diabetes without any previous cardiovascular
disease, 527 men had a first nonfatal cardiovascular event
(myocardial infarction in 354, unstable angina in 58 and
stroke in 115) without diabetes, and 18 had a new diagnosis
of a cardiovascular event (myocardial infarction in 12, unsta-
ble angina in 1 and stroke in 5) and diabetes. We age-
matched 627 of these 682 incident cases to control partici-
pants (Table 1). At study entry, men who subsequently had
diabetes without cardiovascular disease had higher diastolic
blood pressure and greater BMI than men who subsequently
had a first cardiovascular event without diabetes, but there
was no significant difference in age, serum cholesterol,
smoking status or family history of cardiovascular disease
between these 2 groups. As expected, men with neither dia-
betes nor cardiovascular disease had lower blood pressure
and serum cholesterol, and a lower proportion of these men
were smokers.

For each participant, we documented changes in risk fac-
tors between 1974 and 1985. The most important changes
over this period were smoking status, blood pressure and
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serum cholesterol level. The rate of smokers decreased from
73.7% to 29.6% in the group of men with incident diabetes
but no cardiovascular disease, from 75.9% to 40.2% in the
group with incident cardiovascular disease but no diabetes,
from 67.0% to 52.9% in the group with both incident cardio-
vascular disease and incident diabetes, and from 70.0% to
33.1% in the control group (Table 1). Relative to the time of
entry into the study (in 1974), systolic and diastolic blood
pressures were lower in all groups in 1985, and there was no
difference between men with incident diabetes and men with
incident cardiovascular disease. Serum cholesterol increased
in each group; this may be attributable to a change in meas-
urement method. Men with incident cardiovascular disease
and no diabetes had a higher serum cholesterol level than men
with incident diabetes and no cardiovascular disease. Al-
though only 56% of the cohort had a complete lipid profile in
1985, participants with cardiovascular disease alone and car-
diovascular disease in combination with diabetes had the
highest levels of LDL cholesterol and apolipoprotein B, and a
greater proportion of these groups were smokers. Relative to
men with incident cardiovascular disease and no diabetes,
those with incident diabetes and no cardiovascular disease
had greater BMIL.

The mean age of participants was 55.2 (standard deviation
[SD] 9.0) years at the time of diagnosis of diabetes among
those with incident diabetes, 61.0 (SD 9.3) years at the time of
an acute cardiovascular event among those with incident car-
diovascular disease, and 58.8 (SD 9.0) years for the control

Decreased Increased
risk risk

Comparison Relative risk (95% CI) p value < —>
Cardiovascular mortality -
With diabetes (v. neither diabetes nor CVD) Unadjusted 2.86 (1.81-4.53) < 0.001 : —a

Adjusted*  3.11 (1.96-4.92) < 0.001 ; —a
With CVD (v. neither diabetes nor CVD) Unadjusted 4.68 (3.31-6.61) < 0.001 : e

Adjusted  4.46 (3.15-6.30) < 0.001 g L1
With CVD (v. with diabetes) Unadjusted 1.63 (1.11-2.41) 0.014 : —a

Adjusted  1.43 (0.97-2.13) 0.07 +
Total mortality
With diabetes (v. neither diabetes nor CVD) Unadjusted 1.62 (1.20-2.20) 0.002 [

Adjusted  1.89(1.29-2.56) < 0.001 P
With CVD (v. neither diabetes nor CVD) Unadjusted 2.33 (1.88-2.90) < 0.001 : —n—

Adjusted 2.19 (1.76-2.72) < 0.001 ; —a—
With CVD (v. with diabetes) Unadjusted 1.44 (1.07-1.92) 0.015 :—-—

Adjusted 1.16 (0.86-1.55) 0.33 —a—

| | [T
0.8 1 2 4 6 810
Relative risk (95% CI)

Figure 1: Cardiovascular and total mortality among men with diabetes or cardiovascular disease (CVD). *Adjusted for age (dichotom-
ized as < 60 yr and > 60 yr). Note: Cl = confidence interval.
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group at the time of selection for matching with the incident
cases (p < 0.001 among the 3 groups). At entry into the study
in 1973-1974, 171 (3.9%) of the 4376 participants were taking
antihypertensive agents, mostly diuretics. Of the 3264 partici-
pants in 1985, only 186 (5.7%) were taking B-blockers, 95
(2.9%) were taking diuretics and 62 (1.9%) were taking lipid-
lowering agents (clofibrate and cholestyramine). From 1985 to
1998, documentation of therapy was obtained for only
2646 participants. Diuretics had been prescribed for 299 men
(11.3%), B-blockers for 243 (9.2%), calcium channel blockers
for 180 (6.8%), angiotensin-converting enzyme inhibitors for
29 (1.1%) and lipid-lowering agents for 127 (4.8%).

Outcomes
Cardiovascular death was documented in 23.4% of men with
incident diabetes and no cardiovascular disease, and 6.9% of
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Figure 2: Unadjusted Kaplan—-Meier survival curves for cardio-
vascular disease mortality among men with neither diabetes
nor cardiovascular disease, men with diabetes and no cardio-
vascular disease, and men with a first acute cardiovascular
event and no diabetes. Log-rank test: p < 0.001.

1.00
_ 0.754
©
2
>
1)
3
v
0.50 |
— Diabetes without CVD
— CVD without diabetes
Neither diabetes nor CVD
0.25 I I I I I
0 5 10 15 20 25

Follow-up, yr

Figure 3: Unadjusted Kaplan-Meier survival curves for all-cause
mortality among men with neither diabetes nor cardiovascular
disease, men with diabetes and no cardiovascular disease, and
men with a first acute cardiovascular event and no diabetes.
Log-rank test: p < 0.001.
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controls (Table 1). Death from any cause was documented in
43.8% of men with diabetes and no cardiovascular disease
and 22.3% of controls. Compared with the control group, the
age-adjusted RR of cardiovascular mortality among men with
incident diabetes and no cardiovascular disease was 3.11
(95% CI 1.96-4.92), and the age-adjusted RR of total mortal-
ity was 1.89 (95% CI 1.29-2.56) (Figure 1).

Among men with incident cardiovascular disease and no
diabetes, cardiovascular death was documented in 24.5%, and
death from any cause was documented in 38.7% (Table 1).
The age-adjusted RR in this group, relative to controls, was
4.46 (95% CI 3.15-6.30) for cardiovascular mortality and
2.19 (95% CI 1.76-2.72) for all-cause mortality (Figure 1).

Among men with both diabetes and cardiovascular disease,
cardiovascular death was documented in 38.9%, and death
from any cause was documented in 50.0%. The number of men
in this category was only 18, so we did not include this group
in the analyses presented in Figure 1 or in the survival curves.

Unadjusted survival rates were highest for controls, fol-
lowed by men with incident diabetes but without cardiovascu-
lar disease and then by men with incident cardiovascular dis-
ease but without diabetes (Figure 2) (p < 0.001). Men with
cardiovascular disease alone had lower survival early in the
follow-up period. However, from the 5th to the 10th year, the
survival curve for this group ran parallel to the curve for men
with diabetes and no cardiovascular disease. The mean period
between diagnosis of diabetes and a fatal cardiovascular event
was 8.7 (SD 5.4) years. The mean period between diagnosis
of cardiovascular disease and cardiovascular death was 6.0
(SD 6.4) years. Compared with men with incident diabetes,
those with incident cardiovascular disease had higher cardio-
vascular mortality, but this higher rate did not reach statistical
significance when adjusted for age (RR 1.43, 95% CI
0.97-2.13). A similar pattern was observed for total mortality
(RR 1.16, 95% CI 0.86-1.55) (Figure 1, Figure 3). However,
the age-adjusted risk for cardiovascular mortality within the
first 5 years after diagnosis was twice as high for men with
incident cardiovascular disease as for men with incident dia-
betes (age-adjusted RR 2.03, 95% CI 1.01-4.08). Thereafter,
there was no significant difference between these 2 groups
(age-adjusted RR 1.15, 95% CI 0.70-1.88) (Table 2).

Interpretation

In this study, we sought to determine whether men with iso-
lated type 2 diabetes had a prognosis equivalent to that of men
with isolated cardiovascular disease. We used a different
methodologic approach than what has been used in previous
studies. Our approach was based on incident, rather than
prevalent, cases of diabetes and cardiovascular disease without
previous angina or intermittent claudication, both of which are
known to increase the risk of cardiovascular disease.

Our first hypothesis was that men with type 2 diabetes but
no previous cardiovascular disease would have a risk for
fatal cardiovascular events lower than that for men with a
first myocardial infarction, unstable angina or stroke without
diabetes during the first few years after initial diagnosis of
diabetes or the acute cardiovascular event. Our second hy-
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Table 2: Cardiovascular and total mortality among men with diabetes or cardiovascular disease (CVD) according to duration

of follow-up

Comparison

Follow-up < 5 years

Follow-up > 5 years

Relative risk (95% Cl)

Cardiovascular mortality

Unadjusted
With diabetes v. neither diabetes nor CVD
With CVD v. neither diabetes nor CVD
With CVD v. with diabetes

Adjusted for age at diagnosis*
With diabetes v. neither diabetes nor CVD
With CVD v. neither diabetes nor CVD
With CVD v. with diabetes

Total mortality

Unadjusted
With diabetes v. neither diabetes nor CVD
With CVD v. neither diabetes nor CVD
With CVD v. with diabetes

Adjusted for age at diagnosis*
With diabetes v. neither diabetes nor CVD
With CVD v. neither diabetes nor CVD
With CVD v. with diabetes

2.51 (1.10-5.68)
5.76 (3.35-9.91)
2.30 (1.15-4.59)

2.72 (1.20-6.17)
5.52 (3.21-9.50)
2.03 (1.01-4.08)

1.51 (0.87-2.62)
2.77 (1.98-3.88)
1.84 (1.10-3.07)

1.77 (1.02-3.08)
2.55 (1.82-3.58)
1.44 (0.86-2.42)

p value Relative risk (95% Cl) p value
0.027 2.98 (1.71-5.20) < 0.001
< 0.001 3.92 (2.48-6.20) < 0.001
0.019 1.32 (0.81-2.14) 0.27
0.016 3.24 (1.85-5.67) < 0.001
< 0.001 3.72 (2.35-5.89) < 0.001
0.047 1.15 (0.70-1.88) 0.58
0.14 1.66 (1.15-2.38) 0.007
< 0.001 2.04 (1.53-2.71) < 0.001
0.020 1.23 (0.86-1.76) 0.26
0.043 1.92 (1.33-2.77) < 0.001
< 0.001 1.93 (1.45-2.58) < 0.001
0.17 1.01 (0.70-1.45) 0.96

RESEARCH

Note: CI = confidence interval.
*Age dichotomized as < 60 yr and > 60 yr.

pothesis was that, over the longer term, the risk of fatal car-
diovascular events for these subsets of participants would
tend to become similar. Both hypotheses were confirmed by
the study results. Compared with men with incident cardio-
vascular disease, men with incident diabetes had a lower risk
for cardiovascular mortality during the first 5 years after
their diagnosis of diabetes, but subsequently there was no
statistically significant difference between the 2 groups for
cardiovascular or total mortality. Our study also highlighted
the high risk of death associated with diabetes: for men with
incident type 2 diabetes and no previous cardiovascular dis-
ease, the risk of cardiovascular mortality was 3 times greater
than for men with neither cardiovascular disease nor diabetes
at the beginning of follow-up.

As expected, cardiovascular mortality was higher during
the first 5 years of follow-up for men with a first acute cardio-
vascular event than for men with incident diabetes and no car-
diovascular disease. The similar long-term (beyond 5 years)
cardiovascular risk for participants with incident diabetes or
cardiovascular disease has been previously reported in
some'*" but not all studies, specifically for men.'**

The discrepancy between our results and those of previous
studies may be attributable to several other variables in addi-
tion to the methodologic approach. Longer duration of dia-
betes is associated with an increased risk of cardiovascular
disease.*” In our study, men with incident diabetes and no
cardiovascular disease were at greater risk when they were

known to have had diabetes for more than 5 years. A longer
duration of diabetes likely aggravates the atherothrombotic
process that is associated with diabetes.” Another important
prognostic factor was the age of participants. Booth and col-
leagues” reported that for men in Ontario with diabetes and
no myocardial infarction, the rate of the composite of all-
cause death and acute myocardial infarction was similar to
that for men with recent acute myocardial infarction and no
diabetes during a 6-year follow-up only if they were at least
50 years of age. Most men with diabetes in our study were
older than this age. In other studies, women with diabetes
were at greater risk than men with diabetes, and their risk of
cardiovascular mortality was similar to that of women with
cardiovascular disease."”"

In most studies, researchers have adjusted survival for base-
line risk factors, but only a few researchers have made these
adjustments during long-term follow-up. We did not adjust for
risk factors other than age because we did not have the neces-
sary data for risk factor evaluation for the incident cases over
the 24-year follow-up period. In our study, there were major
changes in the risk factors between 1974 and 1985. Smoking
rates declined from 73.7% to 29.6% and blood pressure de-
clined from 146/90 to 138/81 mm Hg among men with inci-
dent diabetes and no cardiovascular disease, and smoking rates
declined from 75.9% to 40.2% and blood pressure from 143/87
to 137/82 mm Hg among men with incident cardiovascular dis-
ease and no diabetes. In 1985, men with cardiovascular disease
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were at greater risk for cardiovascular death than men with dia-
betes, considering their rate of smoking and lipid profile.

Contrary to our study, other studies have not excluded par-
ticipants with angina or intermittent claudication or adjusted
for these conditions. In several studies, participants self-
reported events, and researchers did not adjudicate death but
rather obtained the data from registries. In our study, we adju-
dicated all events. Thus, we believe that the duration of dia-
betes and the age of men with this condition were the main
factors contributing to the high risk among men with incident
diabetes and no cardiovascular disease.

Limitations

Our study had limitations. First, it was limited to men, all of
whom happened to be white. Second, diabetes was self-
reported in two-thirds of cases. This approach is considered
reliable for those who are aware of their illness* or who have
a fasting blood glucose level of at least 7.0 mmol/L, but we
may have missed men with diabetes who did not have a
blood glucose determination, and we may have misclassified
some men with diabetes. Such misclassification should have
attenuated the association between diabetes and cardiovascu-
lar events, resulting in an underestimation of the risk in the
diabetic cohort. Underestimation was also most likely pres-
ent in the group with incident cardiovascular disease because
that group was selected according to rigorously defined cri-
teria, ignoring, for example, unstable angina without clearly
ischemic electrocardiographic changes or myocardial infarc-
tion with cardiac enzymes that were not above twice the up-
per limit of normal (Box 1). In our study, we focused on men
with diabetes and men without diabetes; however, within the
group of men without diabetes, some participants might have
had impaired fasting glucose or glucose intolerance, which
are known to increase the risk of cardiovascular events.*'"

We did not adjust for other confounding variables except
age during the course of the follow-up, but we excluded other
cardiovascular disease before the diagnosis of acute cardio-
vascular disease or diabetes. Except for the Framingham
Heart Study, other long-term studies have adjusted for other
variables only at baseline or, in some studies, during the first
years after entry in the study but not during most of the long-
term follow-up.

Pharmacologic interventions such as statins, antiplatelet
agents, modulators of the renin angiotensin system and [-
blockers have been shown to reduce cardiovascular disease in
patients who are at high risk. Our study and most of the others
were performed before these important preventive interven-
tions entered clinical practice. The low numbers of partici-
pants in our study who were taking B-blockers and antihyper-
tensive medications were not unusual in the 1980s and 1990s,
but we cannot exclude underreporting of these data.

Finally, failure to reach statistical significance in some of
our analyses and the wide confidence intervals indicate lim-
ited power of this study to detect differences among groups.

Conclusions

Men with incident type 2 diabetes without cardiovascular
disease and men with a first acute cardiovascular event had
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similar mortality during long-term follow-up. The risk of
cardiovascular death was at least 3 to 4 times greater in
these 2 groups than among men with neither cardiovascular
disease nor diabetes. Recent studies have reported a reduc-
tion in the rate of cardiovascular disease occurring in par-
ticipants with diabetes, which may be attributable to more
effective management and more aggressive use of preven-
tive treatments.”®** However, the burden of cardiovascular
disease is likely increasing because of the continuing rise in
the number of people newly diagnosed with or at high risk
of diabetes.” The implications of these findings underscore
the importance of optimal management of this disease and
its associated cardiovascular conditions, as well as the im-
portance of pursuing research to prevent type 2 diabetes al-
together.
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