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CARDIOVASCULAR DISEASE

LUCLNA SUAREZ1 AND ELIZABETH BARRETT-CONNOR2

Suarez, L. and E. Barrett-Connor (Dept of Community and Family Medicine,
M-007, U. of California San Diego, La Jolla, CA 92093). Interaction between
cigarette smoking and diabetes mellltus in the prediction of death attributed
to cardiovascular disease. Am J Epidemiol 1984; 120:670-5.

Previous studies have shown that the increased risk of cardiovascular dis-
ease In adults with diabetes Is independent of heart disease risk factors and
have suggested that the effect of these risk factors is similar in diabetics com-
pared with nondlabetics. To determine whether there was Interaction between
diabetes and the classic heart disease risk factors (cholesterol, blood pressure,
and cigarette smoking) In the prediction of cardiovascular death, the etlologic
fraction due to Interaction was assessed In a nine-year follow-up of 2,620 older
Caucasian adults (60-79 years) who resided in Rancho Bernardo, California,
8.7% of whom had diabetes by history or fasting hyperglycemla. In these older
adults, the frequency of categoric hypertension, hypercholesterolemia, or cur-
rent cigarette smoking did not differ significantly among diabetics compared
with nondlabetics. Overall, the age-adjusted relative cardiovascular mortality
risk among diabetics was similar to that in nondiabetics for all risk factors
except cigarette smoking, for which the relative risk for diabetics was 2.2 com-
pared with 1.2 for nondlabetics. High cholesterol and systolic blood pressure
levels showed no Interaction with diabetes, but cigarette smoking had a large
and significant Interaction with diabetes, such that an estimated 65% of the
cardiovascular disease deaths among diabetics could be attributed to the In-
teraction of diabetes and cigarette smoking. If confirmed, these data have Im-
portant Implications for the prevention of cardiovascular death in older dia-
betics.

cardiovascular diseases; diabetes mellltus; smoking

Adults with diabetes mellitus have an blood pressure, and cigarette smoking (1).
increased risk of cardiovascular disease Most of the prospective studies of coro-
that persists after adjusting for the classic nary disease and diabetes have not re-
coronary risk factors, cholesterol, systolic ported a greater impact of cardiovascular

risk factors in diabetics than in nondi-
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terol, systolic blood pressure, and ciga-
rette smoking on coronary heart disease
mortality to be of the same magnitude
in normoglycemic and hyperglycemic
groups (3).

Two studies are inconsistent with these
reports. Among 1,603 Tecumseh resi-
dents, including 11 diabetics, blood glu-
cose and cholesterol were highly predic-
tive of coronary heart disease as an inter-
action pair in a multiple logistic model
(4). However, this significant interaction
of blood glucose and cholesterol was one
of 21 interaction terms tested. In addi-
tion, a study restricted to all-cause mor-
tality showed higher relative risks for
systolic blood pressure among diabetics
compared with age-, sex-, and race-
matched controls. The same study found
no evidence of interaction between dia-
betes and cigarette smoking on all-cause
mortality (5).

These studies compared coefficients or
relative risks for diabetics and nondi-
abetics from linear models: Excess risk
due to an interaction or synergistic effect
of risk factors with diabetes might not be
obvious with these methods. We used a
technique based on the additivity of at-
tributable risks to examine the interac-
tion of diabetes with cholesterol, systolic
blood pressure, and cigarette smoking on
the nine-year cardiovascular disease mor-
tality in a defined population of older
adults.

METHODS

Eighty-two per cent of all adult resi-
dents of a geographically defined, upper-
middle-class Caucasian community in
southern California were surveyed for
heart disease risk factors in 1972-1974
(6). All participants had a standardized in-
terview that included questions about cig-
arette smoking, personal history of dia-
betes, and the use of selected medications.
Blood pressure was measured with a stan-
dard mercury sphygmomanometer after

the subject had been seated for at least
five minutes. Blood was obtained by ve-
nipuncture from fasting subjects. Plasma
cholesterol was measured in a standard-
ized Lipid Research Clinic laboratory by
means of an autoanalyzer. Plasma glu-
cose was measured in a hospital diag-
nostic laboratory by the hexokinase
method for true glucose.

Vital status was determined annually
to the present for an average of nine years
of follow-up and is known for 99.9 per cent
of the cohort (7). Death certificates were
obtained for all decedents and coded by a
certified nosologist using the Eighth Re-
vision of the International Classification
of Diseases, Adapted for use in the United
States. Cardiovascular deaths were those
coded 400 to 438. In a subset of this pop-
ulation, interviews with next of kin and
physicians and review of hospital records
supported the death certificate diagnosis
of cardiovascular disease in about 85 per
cent.

All 2,620 subjects aged 60-79 years
who had fasted at least 12 hours before
venipuncture and who had data for all
relevant variables were included in the
analysis. All persons with a personal his-
tory of diabetes, whether or not they were
taking antidiabetic medications, or who
had a fasting plasma glucose 2*140 mg/dl
were classified as diabetic. All others
were considered nondiabetic. Cholesterol
and systolic blood pressure were dichoto-
mized into low and high categories with
clinically reasonable cutpoint criteria
(cholesterol s*230 mg/dl and systolic blood
pressure 5*160 mmHg) assigned prior to
the analysis. Current cigarette smokers
were compared with all others. Age-
adjusted cardiovascular death rates per
1,000 person-years were calculated by the
direct method based on 10-year age-at-
risk categories and by using the total pop-
ulation as a standard. Differences be-
tween age-adjusted death rates for each
category of risk factor among diabetics

 at Pennsylvania State U
niversity on M

ay 8, 2016
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/


672 SUAREZ AND BARRETT-CONNOR

and nondiabetics were tested by means
of the Mantel-Haenszel summary chi-
square.

To estimate the degree of interaction
between diabetes and each risk factor, a
technique based on the additivity of at-
tributable risks described by Walker was
used (8). Briefly, an estimate is made of
the fraction of cardiovascular disease
deaths among those with diabetes and a
risk factor (doubly exposed) which is at-
tributable to interaction or nonadditivity
of rates. This proportion is referred to as
the etiologic fraction due to interaction
(/). The etiologic fraction due to interac-
tion of diabetes and each risk factor was
adjusted for age using the 10-year distri-
bution of person-years in the doubly ex-
posed. Methods outlined by Walker were
used to determine 95 per cent confidence
limits. Estimates of the etiologic fraction
due to interaction close to zero indicate no
effect, while estimates closer to unity in-
dicate synergy. Given the limited number
of cardiovascular deaths and because
each of the risk factors made a similar
contribution to the risk of cardiovascular
disease mortality in men and women,
data for men and women were combined
to obtain stable estimates of the propor-
tion of disease among diabetics due to in-
teraction.

RESULTS

At baseline, there were 229 (8.7 per
cent) diabetics and 2,391 nondiabetics
aged 60-79 years; as previously reported,
diabetes was more common in men (11.2
per cent) than in women (6.5 per cent) in
this population (9). The distribution of
three risk factors, cholesterol, blood pres-
sure, and cigarette smoking, among dia-
betics and nondiabetics by sex is shown
in table 1. The frequency of high choles-
terol, high systolic blood pressure, and
current cigarette smokers was not signif-
icantly different among diabetics and
nondiabetics in both sexes.

Age-adjusted cardiovascular disease
death rates per 1,000 person-years among
diabetics and nondiabetics for each di-
chotomized risk factor are presented for
men and women in table 2. In both sexes,
age-adjusted cardiovascular death rates
were higher in persons with high choles-
terol, in hypertensives, and in current
cigarette smokers. Differences in age-
adjusted death rates were significant only
in men and only for cholesterol and sys-
tolic blood pressure. The age-adjusted rel-
ative cardiovascular mortality risk was
similar to or lower among diabetics than
nondiabetics for cholesterol in men and
for systolic blood pressure in both men
and women. High cholesterol had a
slightly higher relative risk in diabetic
women than in nondiabetic women. In
contrast, the relative risk for smoking is
nearly 2.5-fold in diabetic men (2.6, p <
0.05) and women (2.4, p > 0.05) compared
with less than 1.5 in nondiabetics. To ob-
tain stable estimates of the fraction of
cardiovascular disease due to interaction
among those with diabetes and a risk
factor, data for men and women were
combined. Estimates of the etiologic frac-
tion and 95 per cent confidence limits are
shown in table 3. High cholesterol and
systolic blood pressure levels showed no
interaction with diabetes (/ = 0.08 for
cholesterol and -0.01 for blood pressure).
Current cigarette smoking, however, had
a large and significant interaction with
diabetes (J = 0.65; 95 per cent confidence
limits = 0.21, 0.84). In other words, an
estimated 65 per cent of the cardiovas-
cular disease deaths among diabetics was
due to the interaction of diabetes and cig-
arette smoking.

DISCUSSION

Previous efforts to assess the relation-
ship of the major cardiovascular risk fac-
tors to the excess risk of cardiovascular
disease in diabetics have concluded that
the effect of these factors is similar in di-
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TABLE 1

Distribution of heart disease risk factors, person-years, and cardiovascular (CVD) deaths among Rancho
Bernardo, CA, nondiabetics and diabetics aged 60- 79 years at entry

Cholesterol
(mg/dl)

<230
»230

Systolic blood
pressure (mmHg)

<160
5*160

Cigarette smoking
Nonsmoker
Current

Cholesterol
(mg/dl)

<230
3=230

Systolic blood
pressure (mmHg)

<160
3=160

Cigarette smoking
Nonsmoker
Current

No. (%)

799 (72.2)
307 (27.8)

801 (72.4)
305 (27.6)

921 (83.3)
185 (16.7)

694 (54.0)
591 (46.0)

1,006 (78.3)
279 (21.7)

1,031 (80.2)
254 (19.8)

Nondiabetics

Person-
years

CVD
deaths

Men

6,143.0
2,301.4

6,273.6
2,170.6

7,051.1
1,393.3

86
54

73
67

119
21

Women

5,764.7
4,860.0

8,366.1
2,258.5

8,560.7
2,063.9

31
29

41
19

48
12

No. (*)

100 (71.4)
40 (28.6)

98 (70.0)
42 (30.0)

119 (85.0)
21 (15.0)

51 (57.3)
38 (42.7)

64(71.9)
25 (28.1)

66 (74.2)
23 (25.8)

Diabetics

Person-
years

725.3
289.6

716.8
298.1

890.4
124.6

397.1
296.5

509.3
184.3

535.7
157.9

CVD deaths

15
6

13
8

15
6

6
6

7
5

8
4

abetics and nondiabetics (2, 3). We were
unable to show a significant interaction
between diabetes and cholesterol or blood
pressure. However, in contrast to the re-
sults in Framingham (2), Whitehall (3),
Washington County (5), and Tecumseh
(10), the present study suggests a strong
interaction between diabetes and ciga-
rette smoking, such that an estimated 65
per cent of cardiovascular deaths in dia-
betics was related to an interaction of di-
abetes and smoking. This association was
so strong that it was apparent despite the
small number of cardiovascular deaths (n
= 10) among diabetics who smoked.
Failure to find this interaction previously
may relate to the informal comparison of
linear coefficients insensitive to detection
of synergistic effects, or to the study of

younger cohorts for which the relative
risk associated with cigarette smoking is
stronger than that seen in older nondi-
abetic adults. Although the assessment of
interaction of risk factors and diabetes in
this study was based on an additive
model, there is evidence of an interaction
effect between smoking and diabetes
whether an additive or multiplicative
model is assumed. Overall, the age-
adjusted cardiovascular disease death
rates (per 1,000 person-years) were 34.1
for diabetics who smoked, 15.8 for dia-
betics who did not smoke, 11.9 for non-
diabetics who smoked, and 10.3 for non-
diabetics who did not smoke. Multiplying
the relative risk (RR) associated with
smoking alone (RR = 11.9/10.3 = 1.2)
and diabetes alone (RR = 15.8/10.3 =
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TABLE 2

Cardiovascular disease death rates (per 1,000 person years) among Rancho Bernardo, CA, nondiabetics
and diabetics aged 60-79 years at entry, by risk factor levels

Cholesterol
(mg/dl)

<230
5=230
Relative risk

Systolic blood
pressure (mmHg)

<160
3*160
Relative risk

Cigarette smoking
Nonsmoker
Current
Relative risk

Cholesterol
(mg/dl)

<230
5*230
Relative risk

Systolic blood
pressure (mmHg)

<160
3»160
Relative risk

Cigarette smoking
Nonsmoker
Current
Relative risk

Nondiabetics

Rate

13.3
23.2*

1.7

11.7
27.6*

2.4

16.0
17.0

1.1

5.6
6.1
1.1

5.5
7.3
1.3

5.5
7.6
1.4

No. of
death*

86
54

73
67

119
21

31
29

41
19

48
12

Rate

Men

20.4
24.5

1.2

18.4
27.5

1.5

16.5
43.5'

2.6

Women

15.6
24.9

1.6

19.4
22.8

1.2

15.2
36.5
2.4

Diabetics
No. of
deaths

15
6

13
8

15
* 6

6
6

7
5

8
4

Total

Rate

14.1
23.1*

12.3
27.9*

16.0
19.7

6.3
7.0

6.1
8.5

6.0
9.1

No. of
deaths

101
60

86
75

134
27

37
35

48
24

56
16

* Significantly higher than for individuals in the normal or nonsmoker category at p < 0.05.

1.5) predicts a lower risk (RR = 1.5 x 1.2
= 1.8) than is observed in the presence of
both factors (RR = 34.1/10.3 = 3.3) (11).

The mechanism whereby either ciga-
rette smoking or diabetes increases the
risk of atherosclerosis is poorly under-
stood. The majority of older diabetics
have noninsulin-dependent type II dia-
betes, and both type II diabetes and cig-
arette smoking are associated with lower
levels of high density lipoprotein choles-
terol (12, 13), a lipoprotein that is in-

versely and independently predictive of
cardiovascular disease in nondiabetics
(14). Similarly, both smoking and dia-
betes are associated with alterations in
the clotting mechanism that could cause
cardiovascular death (15). Unfortunately,
high density lipoprotein cholesterol and
platelet function were not measured at
the baseline visit, and we cannot explore
these possible explanations for the ob-
served interaction in this cohort. Finally,
our data only address mortality: It is pos-
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TABLE 3

Proportion of cardiovascular disease (CVD) deaths
attributable to the interaction of diabetes and risk
factors among Rancho Bernardo, CA, adults aged

60-79 years at entry

Fraction of CVD rate due to
interaction of diabetes

and risk factor

C r u d e

95%
confidence

limits

Cholesterol (mg/dl)

Systolic blood
pressure (irnnHg)

»160
Current cigarette

smoking

0.000 0.075 -0.882,0.545

-0.037 -0.007 -0.905,0.467

0.577 0.650 0.211,0.844

sible that smoking precipitates a fatal
event in diabetics who have a compro-
mised circulation due to vascular disease.

Although the mechanism for the inter-
action is obscure, its public health signif-
icance is apparent. If the estimated 65 per
cent of cardiovascular disease deaths in
diabetics attributed to cigarette smoking
can be confirmed by others, theoretically
the majority of these deaths could be pre-
vented if diabetics did not smoke.
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