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TABLE 3. Mantel-Haenszel Stratified Analyses Associating Risk of Definite Myocardial Infarction With Traditional
Coronary Risk Factors: The Adventist Health Study

Men Women Total

Variable Cases/PY RR (95% CI) Cases/PY RR (95% CI) (RR [95% CI])
Diabetes

Absent 88/51,803 1.00* 51/82,184 1.00t 1.00*
Present 11/1,825 2.08 (1.10-3.93) 12/3,842 2.34 (1.22-4.49) 2.21 (1.40-3.48)

Hypertension
Absent 69/45,466 1.00* 23/67,153 1.00T 1.00L
Present 30/8,161 1.57 (1.01-2.46) 40/18,873 2.38 (1.37-4.11) 1.90 (1.35-2.66)

Cigarette smoking
Never 55/37,192 1.00 51/73,804 1.00 1.00*
Past 43/15,362 1.42 (0.95-2.13) 11/11,042 1.90 (0.97-3.72) 1.52 (1.07-2.16)
Current 1/1,074 0.94 (0.13-6.90) 1/1,181 2.43 (0.26-22.67) 1.36 (0.32-5.76)

Physical activity
Low 24/17,007 1.00 31/40,128 1.00 1.00
Medium 35/11,951 1.71 (1.00-2.94) 11/14,633 0.87 (0.43-1.75) 1.33 (0.88-2.00)
High 40/24,669 0.89 (0.53-1.50) 21/31,266 0.97 (0.55-1.71) 0.93 (0.63-1.36)

Quetelet index
Low 10/13,634 1.OO 15/36,739 1.00* 1.00*
Medium 46/21,723 2.64 (1.32-5.28) 15/25,681 1.17 (0.57-2.42) 1.89 (1.16-3.06)
High 43/18,270 2.79 (1.35-5.77) 33/23,608 2.08 (1.08-3.98) 2.40 (1.48-3.89)

PY, Person-years of follow-up; CI, confidence intervals; RR, relative risk.
Stratified by age, sex (where appropriate), and the other risk factors included in this table aside from the exposure of

interest. *p.0.05, tp<0.01, *p<0.001, testing the null hypothesis of equal effects in all exposure categories.

adequate validity has been documented when a similar
approach was applied to the diagnosis of hypertension
in well-educated populations.15-'7 Our California Ad-
ventist study population not only has a great interest in
their own health but also is well educated (72% of men
and 62% of women have some college education). For

diabetes mellitus, it is the usual experience that a

proportion of prevalent cases have not been previously
diagnosed.18 This would predict that the methods of this
study may have missed a number of cases of diabetes.
However, despite this, a relatively high prevalence of
diabetes was indicated at baseline (see Table 1) in a

TABLE 4. Mantel-Haenszel Analyses Associating Risk of Definite Fatal Coronary Heart Disease With Traditional Cor-
onary Risk Factors: The Adventist Health Study

Men Women Total

Variable Cases/PY RR (95% CI) Cases/PY RR (95% CI) (RR [95% CI])
Diabetes
Absent 92/51,803 1.00 119/82,184 1.00t l.00t
Present 13/1,825 1.57 (0.85-2.89) 20/3,842 1.82 (1.12-2.97) 1.17 (1.72-2.52)

Hypertension
Absent 63/45,466 1.00* 70/67,153 1.00* 1.00*
Present 42/8,161 2.26 (1.49-3.43) 69/18,873 1.46 (1.03-2.05) 1.72 (1.31-2.25)

Cigarette smoking
Never 55/37,192 1.00 120/73,804 1.00* 1.00*
Past 49/15,362 1.44 (0.97-2.15) 14/11,042 1.67 (0.94-3.00) 1.51 (1.08-2.10)
Current 1/1,074 1.41 (0.19-10.62) 5/1,181 7.44 (2.62-21.16) 4.35 (1.77-10.67)

Physical activity
Low 37/17,007 1.00 92/40,128 1.00* 1.00*
Medium 26/11,951 0.70 (0.42-1.18) 21/14,633 0.61 (0.37-0.98) 0.65 (0.45-0.92)
High 42/24,669 0.61 (0.39-0.96) 26/31,266 0.41 (0.26-0.64) 0.49 (0.36-0.67)

Quetelet index
Low 23/13,634 1.00 63/36,739 1.00 1.00
Medium 41/21,723 1.31 (0.77-2.23) 38/25,681 0.85 (0.56-1.28) 1.00 (0.73-1.38)
High 41/18,270 1.46 (0.84-2.53) 38/23,608 0.79 (0.52-1.22) 1.01 (0.73-1.40)
PY, Person-years of follow-up; CI, confidence intervals; RR, relative risk.
Stratified by age, sex (where appropriate), and the other risk factors included in this table aside from the exposure of

interest. *p<0.05, tp.0.01, *p<0.001, testing the null hypothesis of equal effects in all exposure categories.
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TABLE 5. Proportional Hazards Analysis Associating Traditional Coronary Risk Factors With Risk of Definite
Myocardial Infarction: The Adventist Health Study

Men Women Total
(person-years, 55,007; (person-years, 89,346; (person-years, 144,353;

Variable hazard ratio [95% CI]) hazard ratio [95% CI]) hazard ratio [95% CI])
Sex (M, 1; F, 0) 2.87* (2.11-3.91)
Age (years)
25-44 0.23 (0.10-0.52) 0.23 (0.05-1.00) 0.23 (0.12-0.48)
45-64 1.00* 1.00* 1.00*
65-79 2.01 (1.29-3.14) 4.79 (2.64-8.70) 2.84 (2.02-4.00)
80+ 4.38 (2.34-8.22) 7.65 (3.31-17.70) 5.24 (3.25-8.45)

Diabetes 2.11* (1.12-4.00) 2.15* (1.33-3.47) 2.15* (1.37-3.37)
Hypertension 1.69* (1.09-2.62) 2.96* (1.78-4.93) 2.19* (1.59-3.02)
Cigarette smoking
Never 1.00 1.00 1.00
Past 1.51 (1.01-2.25) 1.77 (0.93-3.34) 1.51 (1.07-2.12)
Current 0.96 (0.13-6.94) 2.50 (0.34-18.28) 1.34 (0.33-5.44)

Physical activity
Low 1.00 1.00 1.00
Medium 1.50 (0.90-2.50) 0.84 (0.44-1.63) 1.17 (0.79-1.72)
High 0.90 (0.55-1.49) 0.82 (0.49-1.40) 0.81 (0.57-1.17)

Quetelet index
Low 1.00 1.00t l.00t
Medium 1.64 (0.79-3.43) 0.74 (0.35-1.57) 1.18 (0.72-1.95)
High 2.02 (0.98-4.16) 1.71 (0.91-3.20) 1.83 (1.14-2.93)
CI, confidence intervals.
*p<0.05, tpO.Ol, *p<O.00l, likelihood ratio test of null hypothesis that all exposure categories have equal effects.

population documented to have a low mortality as-
cribed to diabetes.19 This may indicate a fairly complete
ascertainment. A similar self-reported diagnostic ap-
proach for diabetes has been used by others2021 in
similar studies. In most epidemiological research, it is of
greatest importance that good specificity of diagnosis be
obtained. The cases not diagnosed will have been
considered nondiabetics, but they represent so numer-
ically small a group that they hardly perturb the popu-
lation of true nondiabetics.
Some differences between the proportional hazards

analyses and the stratified analyses are to be expected.
Proportional hazards analyses take account of the time
during follow-up that person-years are contributed and
assume that the hazard ratio remains constant during
this period, whereas these are not considered in the
Mantel-Haenszel approach. In addition, we note that
current smokers compose only 2% of our cohort. There-
fore, it is probable that small numbers have resulted in
biased or unstable maximum likelihood estimates for
this variable in the proportional hazards model. The
experience of persons aged 25-44 years with only two
cases of myocardial infarction and two cases of definite
fatal CHD contribute very little to the Mantel-Haenszel
analyses but contribute with the other noncases to the
likelihood of the proportional hazards analysis. Finally,
the two methods handled missing data in different ways
(see "Methods"), resulting in a minor difference (2-
3%) in person-years between the two types of analyses.
Data from certain other low-risk populations had

indicated that the male-to-female ratio for CHD mor-
tality was much less than for higher-risk populations.22
We did not find this below the age of 80 years in the

Adventists. Between the ages of 45 and 79 years, the
male-to-female incidence ratio varied between 2.77 and
6.53 for the different specific age, sex, and end point
groups. Qualitatively, the strength of association be-
tween the various risk factors and risk of disease seemed
quite similar for the two sexes. Current smoking in
women was associated with a striking elevation in risk of
fatal CHD, but evaluation of the effect in men was
hindered by the fact that only one current smoker
experienced a fatal CHD event. The effect of past
smoking on both end points also seemed somewhat
stronger for women.

Past smokers had elevated point estimates of risk
varying from 1.42 to 1.90 for the different sexes and
CHD end points. Although we did not record the time
since quitting smoking, the average time since becoming
a Seventh-Day Adventist in past smokers was 23.7 years.
Because most Adventists quit smoking at the time of
admission to the church, the average time since quitting
would be at least this long. Despite this relatively long
average period since quitting, the effect of past smoking
could still be detected on risk of CHD events.
There were apparently quite different associations of

physical activity with definite myocardial infarction and
definite fatal CHD. Although there appeared to be a
marked and significant independent protective effect on
fatal CHD for both sexes, no consistent trends were
found for risk of incident definite acute myocardial
infarction. A formal comparison of the difference in the
exercise association between fatal and nonfatal events
was borderline significant (p<0.07). A review of obser-
vational studies reveals that although a few investigators
have found significant negative associations between
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TABLE 6. Proportional Hazards Analysis Associating Traditional Coronary Risk Factors With Risk of Definite
Fatal Coronary Heart Disease: The Adventist Health Study

Men Women Total
(person-years, 55,007; (person-years, 89,346; (person-years, 144,353;

Variable hazard ratio [95% CI]) hazard ratio [95% CI]) hazard ratio [95% CI])
Sex (M, 1; F, 0) 1.67* (1.26-2.21)
Age (years)
25-44 0.07 (0.01-0.34) 0.28 (0.06-1.31) 0.13 (0.04-0.44)
45-64 1.00* 1.00* 1.00*
65-79 7.71 (4.58-12.97) 13.95 (6.63-29.33) 9.17 (6.02-13.95)
80+ 16.71 (9.23-30.26) 79.68 (37.86-167.67) 36.20 (23.53-55.69)

Diabetes 2.05t (1.18-3.55) 1.71* (1.06-2.76) 1.86* (1.30-2.67)
Hypertension 2.22* (1.49-3.29) 1.50* (1.07-2.09) 1.78* (1.37-2.30)
Cigarette smoking
Never 1.00 1.00* 1.00t
Past 1.48 (1.01-2.16) 1.82 (1.05-3.17) 1.57 (1.15-2.14)
Current 0.71 (0.10-5.16) 8.05 (3.26-19.90) 3.12 (1.37-7.10)

Physical activity
Low 1.00 1.00* 1.00*
Medium 0.75 (0.46-1.22) 0.64 (0.40-1.01) 0.66 (0.48-0.92)
High 0.60 (0.39-0.93) 0.46 (0.30-0.70) 0.50 (0.37-0.68)

Quetelet index
Low 1.00 1.00 1.00
Medium 0.77 (0.44-1.36) 0.74 (0.49-1.11) 0.74 (0.54-1.02)
High 1.11 (0.65-1.90) 0.89 (0.60-1.32) 0.98 (0.72-1.33)

CI, confidence intervals.
*p<0.05, tp<O.Ol, $p<0.001, likelihood ratio test of null hypothesis that all exposure categories have equal effects.

physical activity and acute myocardial infarction, the
magnitude of the effect23-26 usually has been relatively
small and less than that for fatal CHD27-32 or for the
combination of fatal and nonfatal events.33,34 It is of
interest that the same appears to be true in randomized
trials of cardiac rehabilitation. The two largest North
American trials found no evidence of benefit on risk of
myocardial infarction.35,36 Only the latter study reported
on fatal CHD events and found suggestive evidence of
benefit here. A meta-analysis of nearly 20 randomized
studies of cardiac rehabilitation also found suggestive
evidence of benefit for fatal events but no such evidence
of benefit for nonfatal myocardial infarction.37

Atherosclerosis contributes in a major way to both
nonfatal myocardial infarction and fatal coronary
events, and the effects of physical activity on risk factors
such as blood lipids, blood pressure, obesity, and fibri-
nolysis are well described. Reasons for a possible stron-
ger association with fatal CHD are unclear, although it
is not surprising that there should be etiologic differ-
ences between these two syndromes as the pathophysi-
ology is not identical. A substantial proportion of CHD
deaths are primarily arrhythmic,38 whereas arrhythmia
is not commonly involved in the etiology of nonfatal
myocardial infarction. It is of interest that both hu-
man39A40 and animal41 data indicate that reduced vagal
activity, a risk factor for malignant ventricular arrhyth-
mias,42 can be normalized by regular physical activity.
With our data, we were concerned that physical

inactivity, measured before any diagnosis of CHD, may
have represented a preclinical manifestation of the
disease rather than a preceding cause. Such an effect
would be expected to weaken as follow-up proceeded,

with the later events being relatively far removed from
the baseline characteristics. Cox proportional hazards
analyses similar to those of Table 6 but separate for
fatal CHD occurring in 1977-1979 and 1980-1982 (both
sexes combined) showed relative risks (proceeding from
the lowest to the highest exercise categories) of 1.00,
0.77, and 0.59 and of 1.00, 0.71, and 0.58, respectively,
for the two follow-up periods. Thus, no weakening of
effect was noted, which further enforces that the exer-
cise habits preceded the clinical disease.

Diabetes mellitus has been associated with increased
risk of CHD in many epidemiological studies. An inter-
esting feature is that others often have found effects to
be higher in women than in men, with the female
diabetics losing much of their sex advantage in risk for
CHD.4344 However, this did not appear to be true of a
population of Pima Indians who were at low risk for
CHD but at high risk for diabetes.45 Some have found
that diabetic women are more likely to die or develop
congestive heart failure after an acute myocardial in-
farction than were diabetic men.46 The pathophysiology
underlying these sex differences is unclear and is not
obviously explained by differences in traditional risk
factors between diabetic men and women.47 It is of
interest that in the Adventist population, the relative
risks of diabetics for both definite myocardial infarction
and definite fatal CHD are similar in men and women.
We were unable to adjust for lipid differences, but this
has not explained the sex differences in other studies.37
Our study classified only known diabetics but does not
differ in this respect from other epidemiological studies
also showing the sex difference.2' Thus, in this low-risk
population, the advantage of being female is not lost
even in diabetics.
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In our data, the Quetelet index of obesity was asso-
ciated with both definite myocardial infarction and
definite fatal CHD when adjusted only for age and sex.
The association appeared monotonic for myocardial
infarction but U shaped for fatal events. This latter
association persisted weakly in the Cox multivariate
analyses but was not seen in stratified analyses, and no
results were statistically significant. Proportional haz-
ards models that included terms for Quetelet index of
obesity and its square in addition to other covariates
were evaluated. In neither men nor women nor for
either end point was the squared term statistically
significant. A formal comparison of the difference in the
obesity associations between fatal and nonfatal events
was borderline significant (p<0.06).
Most cohort studies of CHD have shown age- and

sex-adjusted associations between some measure of
obesity with risk of CHD events,48-50 but this usually has
not persisted after adjustment for other traditional risk
factors.464851 The implication is that either there is
confounding between obesity and other traditional risk
factors or some of the other risk factors are intervening
variables between obesity and disease risk, as is known
to be so. A few studies have documented significant
independent associations between obesity and CHD
syndromes,52-55 although this sometimes occurred after
very long follow-up or with adjustment for only a subset
of the traditional risk factors. Recent interest in the
effect of distribution of fat shows that this has predictive
ability beyond that of "weight for height" measures.
This variable was not measured in the present study.
Data on associations between traditional risk factors

and incidence of CHD in low-risk populations are
uncommon. One such population is the Japanese living
in Japan. A cohort study has associated serum choles-
terol and blood pressure but not smoking with CHD
incidence at both 6- and 16-year follow-ups.56 A case-
control study of myocardial infarction in Japan57 also
significantly associated serum cholesterol, previous his-
tory of hypertension, and cigarette smoking with risk.
However, obesity was not clearly related to risk. Studies
of Pima Indians find a low risk of CHD but diabetes still
to be a risk factor as all events occurred in diabetics.58
The number of events is too small to clearly assess the
effect of other traditional risk factors. The well-known
Seven Countries Study has presented data for 10-year
follow-up on relatively low-risk Southern European
cohorts in Italy, Greece, and Yugoslavia.59 Although
some analyses suffered from small numbers, there was
good evidence that high blood pressure and high serum
cholesterol were associated with increased risk. Physical
inactivity predicted increased risk of CHD death but
showed a weaker nonsignificant association when all
CHD events are combined. Cigarette smoking may have
been hazardous, but this approached statistical signifi-
cance only for CHD death. No clear evidence was found
associating obesity with risk of CHD.

In summary, there is general agreement between data
from other low-risk populations and our findings in
California Adventists that the traditional risk factors are
associated with CHD risk in low-risk populations. This
provides added evidence that findings in the California
Adventist population regarding less-well-established
risk factors such as foods in the diet or psychosocial
factors will also have application to other populations.
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