Serum

Cholesterol, Blood Pressure, Cigarette Smoking,
and Death From Coronary Heart Disease

Overall

Findings and Differences by Age for 316099

White Men

James D. Neaton, PhD, Deborah Wentworth, MPH, for the Multiple Risk Factor Intervention Trial Research Group
To assess the combined influence of blood pressure (BP),

cholesterol level, and cigarette smoking on death
from coronary heart disease (CHD) and to describe how
these associations vary with age, data on those factors and
on mortality for 316 099 men screened for the Multiple Risk
Factor Intervention Trial (MRFIT) were examined. Vital sta
tus of participants has been determined after an average
follow-up of 12 years; 6327 deaths from CHD have been
identified. Strong graded relationships between serum cho
lesterol levels above 4.65 mmol/L (180 mg/dL), systolic BP
above 110 mm Hg, and diastolic BP above 70 mm Hg and
mortality due to CHD were evident. Smokers with serum
cholesterol and systolic BP levels in the highest quintiles had
CHD death rates that were approximately 20 times greater
than nonsmoking men with systolic BP and cholesterol lev
els in the lowest quintile. Systolic and diastolic BP, serum
cholesterol level, and cigarettes per day were significant
predictors of death due to CHD in all age groups. Systolic
BP was a stronger predictor than diastolic BP. These results,
together with the findings of clinical trials, offer strong
support for intensified preventive efforts in all age groups.
(Arch Intern Med. 1992;152:56-64)
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Furthermore, clinical
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sure

is widely accepted.1,2

trials in persons with elevated levels of these risk factors
have established that risk factor lowering results in a re¬
duction of morbidity and mortality due to CHD.3"10 Two
limitations of previous observational studies are that there
were insufficient numbers of deaths to precisely assess
relationships at lower levels of serum cholesterol and BP,
and to assess whether the influence of serum cholesterol
and BP and that of cigarette smoking on CHD varied by
age. These considerations are important for evaluation of
potential benefits of population-wide approaches to risk
factor modification.
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Cause-specific mortality for the 361662 men screened
for the Multiple Risk Factor Intervention Trial (MRFIT)
has been ascertained through 1986, providing an average
follow-up period of 12 years (range, 11 to 13 years).11,12 The
large number of deaths now available permits the risk of
mortality due to CHD to be estimated over a wide range
of serum cholesterol, BP, and reported cigarette smoking
levels. These data also allow assessment of the persistence
of the association between these risk factors and CHD
death over a 12-year period and the combined influence
of these risk factors on CHD mortality in 5-year age
groups using cross-tabulation. Since relationships of risk
factors to CHD mortality may vary among ethnic groups,
this report is restricted to results for white men.
PATIENTS AND METHODS
The MRFIT was a randomized, multicenter primary preven¬
tion trial to study the effect on the incidence of CHD of an inter¬
vention program on serum cholesterol, cigarette smoking, and
BP.9,11 Between 1973 and 1975, 361662 men aged 35 to 57 years
who were from 18 US cities were screened for entry into the
MRFIT. Details concerning recruitment and screening proce¬
dures have been described.12'14
Blood pressure was measured according to a standardized
protocol15 by trained observers. The first and fifth Korotkoff
phases were recorded as systolic and diastolic BP. Three read¬
ings were taken with a standard mercury sphygmomanometer;
the average of the last two readings define the BP used in this
report. Diastolic BP was recorded for all 361662 men; systolic BP
is available for 353 340 men. Serum cholesterol concentration was
determined at one of 14 laboratories standardized by the Centers
for Disease Control, Atlanta, Ga.16 A one-page questionnaire
was administered to determine the number of cigarettes smoked
per day and to record demographic characteristics. Information
was also elicited concerning the following three criteria for
exclusion from the trial: (1) expected geographic relocation; (2)
previous hospitalization for more than 2 weeks for "heart
attack"; and (3) use of medication for diabetes. Use of antihypertensive medication at the initial screen for the MRFIT was not
ascertained.
Vital status of all men screened has been ascertained through
December 1986 with the National Death Index (1979 through
1986) and the Social Security Administration (1973 through
1986). Detailed methods concerning the collection of vital status
information have been described.12,17 The end point, death due
to CHD, is defined as International Classification of Diseases,

Table 1.—Mean Levels of Serum Cholesterol and Blood Pressure and Percentage of Cigarette Smokers
by Age for White Men Screened in the MRFIT*

Age, y
35-39

Mean (± SD)
Serum Cholesterol,
mmol/L (mg/dL)

Mean (± SD)

Mean (± SD)

No. of
Men

Systolic BP,

Diastolic BP,

65 135

5.33 ±1.00

126.3±13.2

81.6±10.0

39.6

26.7±13.2

5.52 ±1.01

127.5 ±14.1

83.2 ±10.2

38.3

27.4±13.3

5.63 ±1.01

129.7±15.5

84.3 ±10.5

36.7

27.6 ±13.4

132.4±16.8

84.8±10.6

32.7

26.7±13.4

134.9±17.8

84.7±10.7

29.4

25.3±12.9

129.7±15.6

83.7 ±10.5

35.9

27.0±13.3

mm

Hg

mm

Hg

Cigarette

Smokers, (%)

Mean ( ± SD)
No. of Cigarettes

per

Day for Smokers

(206.1 ±38.8)
40-44

69 262

(213.3 ±39.2)

74 964

45-49

(217.6±39.1)
50-54

73 721

55-57

33 017

Total

316 099

5.66 ±0.99
(218.9 ±38.4)
5.67 ±0.99
(219.1 ±38.3)
5.55 ±1.01

(214.7±39.1)
*MRFIT indicates

Multiple

Risk Factor Intervention

Trial; BP, blood pressure.
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Fig 1.—Age-adjusted coronary heart disease (CHD) death rates per
10 000 person-years by level of serum cholesterol for men screened
in the Multiple Risk Factor Intervention Trial.
Ninth revision (ICD-9) codes 410-414 and 429.2. The ICD-9 code
429.2 identifies "cardiovascular disease, unspecified"; most of
these certificates would have been coded to the CHD rubric 412.4
under the eighth revision.18
This report is restricted to the 316099 men who identified
themselves as white. Men were excluded who identified them¬
selves as black, Native American, Hispanic, or Asian, or who
indicated that they had been previously hospitalized for a heart
attack or were taking medication for diabetes.
Death rates are presented for five age groups (35 through
39 years, 40 through 44 years, 45 through 49 years, 50
through 54 years, and 55 through 57 years) using age at risk
factor measurement. Age-adjusted rates are also given using
the direct method19 and adjusted to the age distribution of all
men screened. Risk ratios are estimated with the proportional
hazards regression model with strata corresponding to
screening center and covariates corresponding to age, serum
cholesterol level, BP (systolic or diastolic), and number of
cigarettes per day.20 To determine whether risk factors mea¬
sured at different ages predict CHD in a similar way, risk
ratios and risk differences (excess risk or attributable risk)
across the five age groups are compared using a 4-d/ x2
statistic.21 To assess whether risk factor associations with
death due to CHD changed over the 12 years of follow-up,
results of regression analyses based on deaths in the first 5
years of follow-up were compared with those based on
deaths occurring 5 to 10 years and 10 or more years after the
risk factor measurements.
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Risk Factor Levels by Age
A comparison of risk factor levels at initial screening for
five age groups is shown in Table 1. The average age of
the men screened was 46 years. Both serum cholesterol
level and BP (systolic and diastolic) were higher for older
men. The relationship of serum cholesterol level with
age
was nonlinear. Mean levels were higher for those in the
40- through 44-year-old age group compared with those
in the 35- through 39-year group at initial screening; for
men in the 45 -through 57-year-old group, mean serum
cholesterol levels were similar. Systolic BP was more
strongly associated with age than diastolic BP. Like serum
cholesterol level, mean diastolic BP varied little for men in
the 45- through 57-year-old age group. The percentage of
men who reported cigarette smoking was lower at older
ages; the number of cigarettes reported smoked by smok¬
ers did not vary appreciably by age.
Univariate Relationships With CHD Death
Over the 12-year average follow-up period (range, 11 to
13 years), 19 071 deaths were identified among the 316 099
white men screened. Coronary heart disease accounted
for 6327 (33%) of the deaths. Of the deaths caused by
CHD, 3893 were due to acute myocardial infarction (ICD-9
code 410); 61 were due to other acute forms of ischémie
heart disease (ICD-9 code 411); nine were due to old my¬
ocardial infarction (ICD-9 code 412); nine were due to an¬
gina pectoris; 1942 were due to other forms of chronic is¬
chémie heart disease (ICD-9 code 414); and 413 were due
to unspecified cardiovascular disease (JCD-9 code 429.2).
Figure 1 summarizes the association of serum choles¬
terol level with mortality due to CHD. Age-adjusted death
rates due to CHD ranged from 7.7 deaths per 10000
person-years among men with serum cholesterol levels of
3.62 to 4.11 mmol/L (140 to 159 mg/dL) to 54.5 among men
with serum cholesterol levels of 8.28 mmol/L (320 mg/dL)
or above. Death rates for men in the three categories of
serum cholesterol levels below 4.65 mmol/L (180 mg/dL)
are similar (range, 7.7 to 8.9). Above 4.65 mmol/L (180
mg/dL) (82% of the cohort), there is a clear risk gradient.
The association of serum cholesterol level with death
due to CHD declined only moderately over the follow-up
period. The proportional hazards regression coefficient of
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Fig 2.—Age-adjusted coronary heart disease (CHD) death rates per
10000 person-years by level ofsystolic blood pressure (SBP) formen
screened in the Multiple Risk Factor Intervention Trial.
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Fig 3.—Age-adjusted coronary heart disease (CHD) death rates per
10000 person-years by level of diastolic blood pressure (DBP) for
men screened in the Multiple Risk Factor Intervention Trial.
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Fig 5.—Age-adjusted coronary heart disease (CHD) death rates per
10000 person-years by reported number of cigarettes smoked per
day for men screened in the Multiple Risk Factor Intervention Trial.
The joint effect of systolic and diastolic blood pressure
death due to CHD is illustrated in Fig 4. Differences in
death rates due to CHD among diastolic BP categories for
each systolic BP category are small, particularly for those
with diastolic BPs less than 90 mm Hg. A strong risk gra¬
dient, however, is evident for systolic BP for each diastolic
on

Fig 4.—Age-adjusted coronary heart disease death rates per 10000
person-years by level of systolic blood pressure (SBP) and diastolic
blood pressure (DBP) for men screened in the Multiple Risk Factor
Intervention Trial.
serum

cholesterol with

adjustment for diastolic BP, ciga¬

rette smoking, and age was 0.0076 (SE .0004) for the 1712
deaths due to CHD in the first 5 years of follow-up, 0.0071
=

(SE .0003) for the 3124 deaths occurring between 5 and
=

10 years after cholesterol measurement, and 0.0068
(SE .0004) for the 1491 deaths due to CHD occurring af¬
ter 10 years of follow-up. Corresponding risk ratios for
men in the upper quintile of serum cholesterol (3=6.34
mmol/L [245 mg/dL]) compared with men in the lowest
quintile (<4.71 mmol/L (182 mg/dL]) for these three
follow-up periods were 3.4, 2.8, and 2.9, respectively.
Figures 2 and 3 summarize the association of systolic
and diastolic BP with CHD, respectively. A strong graded
relationship of systolic BP above 110 mm Hg and death
due to CHD is evident. Death rates increase with increas¬
ing diastolic BP beyond 70 mm Hg (range, 9.9 to 66.0 per
10000 person years). Participants with diastolic BP less
than 65 mm Hg have slightly higher age-adjusted death
rates due to CHD than those with a BP between 65 and
79 mm Hg.
=
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BP

category.

coefficients corresponding to systolic BP
varied little over follow-up: 0.0224 for deaths in the first
5 years, 0.0234 for deaths between 5 and 10 years after BP
measurement, and 0.0220 for deaths after 10 years of
follow-up. Corresponding risk ratios for men with systolic
BP in the highest quintile (3=142 mm Hg) compared with
the lowest quintile (<118 mm Hg) are 2.8, 3.1, and 3.1,
respectively (data not shown). A similar pattern was ev¬
ident for diastolic BP. Regression coefficients and risk ra¬
tios for the highest quintile (3=92 mm Hg) compared with
the lowest quintile (<76 mm Hg) are 0.0302 and 2.3 (first
5 years), 0.0370 and 2.5 (5 to 10 years), and 0.0290 and 2.5
(after 10 years of follow-up), respectively. During the first
3 years of follow-up, death rates for men in the lower two
quintiles of diastolic BP (<76 mm Hg and 76 to 80 mm Hg)
were actually greater than the death rate for men in the
third quintile (81 to 85 mm Hg). After 3 years, a graded
relationship of diastolic BP with CHD was evident (data

Regression

shown).
Figure 5 summarizes mortality rates due to CHD by re¬
ported number of cigarettes smoked at initial screening.
not

There

are

marked differences between nonsmokers and

Fig 6.—Age-adjusted coronary heart disease death rates per 10000
person-years by level of serum cholesterol and diastolic blood
pressure (DBP) for nonsmokers screened in the Multiple Risk Fac¬
tor Intervention Trial (rates per 10000 person years are noted on
bars).

Fig 7.—Age-adjusted coronary heart disease death rates per 10000
person-years by level of serum cholesterol and diastolic blood
pressure (DBP) for cigarette smokers screened in the Multiple Risk
Factor Intervention Trial (rates per 10 000 person years are noted on
bars).

Fig 8.—Age-adjusted coronary heart disease death rates per 10000
person-years by level of serum cholesterol and systolic blood pres¬
sure (SBP) for nonsmokers screened in the Multiple Risk Factor In¬
tervention Trial (rates per 10000 person-years are noted on bars).
smokers and a risk gradient is evident for the first four
categories of cigarette smoking level. Death rates due to
CHD among participants reporting to smoke 26 cigarettes
per day or more are similar (range, 31.6 to 34.7 per 10 000
person-years). The increased risk associated with ciga¬
rette smoking declined slightly over the 12-year follow-up
period. Risk ratios for men who reported smoking 46 cig¬
arettes per day or more compared with nonsmokers were
3.4 for deaths in the first 5 years, 2.9 for deaths in years
5 to 10, and 2.6 for deaths occurring after 10 years.
Joint Effect of Serum Cholesterol Level, Blood Pressure,
and Cigarette Smoking on Death due to CHD
for All Age Groups Combined
6
Figure plots age-adjusted death rates due to CHD by
quintile of serum cholesterol level and diastolic BP for
participants who indicated they did not smoke cigarettes
at initial screening. Figure 7 is a similar plot for cigarette
smokers. Figures 8 and 9 are corresponding plots that use
systolic instead of diastolic BP quintiles. For smokers with
levels of serum cholesterol and diastolic BP in the highest
quintile, the age-adjusted death rate is 16.5 times greater
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Fig 9.—Age-adjusted coronary heart disease death rates per 10000
person-years by level of serum cholesterol and systolic blood pressue (SBP) for cigarette smokers screened in the Multiple Risk Factor
Intervention Trial (rates per 10 000 person-years are noted on bars).
than for nonsmoking men with serum cholesterol and di¬
astolic BP levels in the lowest quintile (59.7 vs 3.6 deaths
due to CHD per 10 000 person-years). When systolic BP is
used, the corresponding risk ratio is 20.2 (62.6 vs 3.1
deaths due to CHD per 10000 person-years) (Figs 8
and 9).
For both nonsmokers and smokers, in each BP quintile
(systolic or diastolic), rates increased with the increasing
level of serum cholesterol. Similarly, for both nonsmok¬
ers and smokers, in each serum cholesterol quintile, rates
increased with increasing systolic or diastolic BP. The as¬
sociation of serum cholesterol level with CHD on the rel¬
ative risk scale weakened with increasing systolic and di¬
astolic BP level (P .0001 for interaction) for each, but risk
differences between the highest and lowest cholesterol
=

Table 2.—Age-Specific CHD Death Rates (per 10000 Person-Years) and Adjusted Relative Risk (Ajd RR) Estimates
Pressure and Number of Cigarettes per Day
by Quintile of Serum Cholesterol Systolic and Diastolic Blood
for White Men Screened in the MRFIT*

Age, y
35-39

40-44

50-54

45-49

Total

55-57

No. of Crude Adj No. of Crude Adj No. of Crude Adj No. of Crude Adj No. of Crude Adj No. of Crude Adj
Deaths Rate RR Deaths Rate RR Deaths Rate RR Deaths Rate RR Deaths Rate RR Deaths Rate RR
Serum cholesterol
1

<4.7 (182)

quintile,

mmol/L (mg/dL)
1.0
71

41

2.0

4.2

1.0

108

7.4

1.0

171

12.9

1.0

134

23.6

1.0

525

7.4

1.0

52

3.0

1.4

98

5.8

1.3

215

12.4

1.6t

309

19.3

1.5t

210

29.4

1.2

884

11.9

1.4+

63

4.3

1.9t

140

8.7

1.8t

259

14.9

1.8t

388

22.4

1.7»

268

35.3

1.5+

1118

15.3

1.7+

87

6.7

2.7t

208

12.9

2.6t

350

18.9

2.2t

525

28.1

2.0t

330

39.7

1.6+

2.1+

13.5

332

21.2

3.8t

563

28.8

3.2t

776

39.6

2.7t

473

54.6

2.1+

1500
2300

20.1

4.8t

30.7

2.9+

2 4.7-5.2

(182-202)
3 5.2-5.7

(203-220)
4

5.7-6.3

(221-244)
5 3=6.3(245)

156

Coefficient
.0107 (.0007)
(SE)
blood
pressure quintile,*
Systolic

.0071 (.0005)
mm

.0071 (.0004)

5.5

1.0

155

8.8

1.0

187

1.2

185

10.6

1.1

1.3

122
162

6.8
9.9

1.7t

242

14.4

1.5+

6.3

1.7t

169

10.7

1.8+

335

19.1

9.8

2.4t

268

23.7

3.5+

512

31.9

61

3.3

1.0

2 118-124

67

3.7

1.1

3 125-131

76

4.7

4 132-141

91

5 s=142

85

.0056 (.0005)

.0072 (.0002)

Hg
102

<118

1

.0077 (.0005)

13.2

1.0

104

19.4

1.0

264

17.9

1.3+

314

20.0

1.4+

125

22.2

179
274

27.8
34.7

1.9+

462

1.8+

3.1+

863

25.8
42.2

2.8+

686

61.4

609

8.2

1.0

1.1

763

10.4

1.2+

1.4+

973

13.6

1.5+

1.7+

1331

18.1

1.8+

2.9+

2414

35.7

3.0t

Coefficient

(SE)

.0223 (.0031)

Diastolic blood pressure
62
1 <76

.0276

quintile,

mm

(.0019)

.0213 (.0011)

.0239 (.0014)

.0228 (.0013)

.0228 (.0007)

Hg

3.0

1.0

89

5.0

1.0

175

10.4

1.0

257

16.9

1.0

76-80

66

3.9

1.2

130

7.6

1.5+

201

11.8

1.1

311

19.1

1.1

203

81-85

63

4.3

1.3

144

9.2

1.7+

239

14.3

1.3+

342

21.5

1.2+

86-91

83

6.0

1.7+

188

11.7

2.2+

331

18.6

1.7+

490

27.5

3=92

125

11.1

2.8+

298

19.7

3.4+

549

28.9

2.5+

769

38.9

176

25.3

1.0

232

28.6
33.9

1.1

1.6+

330

2.2+

474

759

9.9

1.0
1.2+

1.3+

911
1020

12.2

14.6

1.3+

42.2

1.6+

1442

19.4

1.7+

54.4

2.1+

2215

30.0

2.4+

Coefficient

(SE)

.0366 (.0044)

.0392 (.0030)

.0324 (.0023)

.0285 (.0024)

.0281 (.0019)

.0313 (.0011)

Cigarette smoking status, cigs per day
0

126

2.7

1.0

289

5.7

1.0

603

10.8

1.0

1044

18.1

1.0

812

30.4

1.0

2874

12.1

1.0

1-25

100

6.4

2.4+

227

14.9

2.7+

356

22.7

2.2+

514

36.0

2.1+

324

52.4

1.8+

1521

22.7

2.1+

S26

173

11.7

4.0+

333

21.1

3.5+

536

33.7

3.1+

611

47.1

2.7+

279

62.3

2.2+

1932

30.2

2.9+

Coefficient

(SE)

.0308 (.0025)

.0269 (.0017)

.0252 (.0013)

.0243 (.0011)

*CHD indicates coronary heart disease; MRFIT, Multiple Risk Factor Intervention
+P<.05 for comparison with first quintile (or nonsmokers for cigarettes per day).
t-Systolic blood pressure was missing for 7339 white men.

quintiles increased with increasing BP. Among nonsmok¬

risk differences per 10 000 person-years between the
highest and lowest cholesterol quintiles ranged from 7.6
for those with diastolic BPs less than 76 mm Hg to 19.6 for
those with diastolic BPs 92 mm Hg or greater (Fig 6).
Among cigarette smokers, risk differences between the
highest and lowest serum cholesterol quintiles also in¬
creased with increasing diastolic BP (range of differences,
18.6 to 36.4) (Fig 7). A similar pattern was evident when
systolic BP was considered (Figs 8 and 9).
Risk ratios for cigarette smokers compared with nonsmokers ranged from 2.0 to 2.6 among serum cholesterol
quintiles, from 2.2 to 2.7 among systolic BP quintiles, and
from 2.3 to 2.9 among diastolic BP quintiles. On the relers,
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.0194 (.0016)

.0245 (.0007)

Trial; cigs, cigarettes.

ative risk scale, interaction terms between cigarette smok¬

cholesterol (P=.005), between cigarette
smoking and systolic BP (P=.0004), and between ciga¬
rette smoking and diastolic BP (P .004) were negative, ie,

ing

and

serum

=

the risk of death due to CHD for smokers relative to nonsmokers decreased with increasing serum cholesterol and
BP levels. The magnitude of interactions on the relative
risk scale, however, was very small compared with those
seen for risk differences.
Risk differences between cigarette smokers and nonsmokers increased with increasing diastolic BP (range of
differences, 10.4 for those with diastolic BPs <76 mm Hg
to 24.8 for those with diastolic BPs 3=92 mm Hg; Figs 6 and
7); with increasing systolic BP (range of differences, 10.0

deaths per 10 000 person-years for those with systolic BPs
<118 mm Hg to 25.8 for those with systolic BPs 3=142 mm
Hg; Figs 8 and 9); and with increasing serum cholesterol
level (range of differences, 7.4 for those with serum cho¬
lesterol levels <4.71 mmol/L [182 mg/dL] to 18.8 for those
with levels 3=6.34 mmol/L [245 mg/dL]; Figs 6 and 7).

Risk Ratios by Age
Within each age group the association of serum cho¬
lesterol level, systolic and diastolic BP, and reported
number of cigarettes per day with CHD was highly
significant (Table 2). The strength of the associations of
each of these risk factors with CHD decreased with
increasing age, ie, significant interactions were evident
on the relative risk scale (P<.0001 for serum choles¬
terol, diastolic BP, and number of cigarettes per day,
and P=.05 for systolic BP). Adjusted (for diastolic BP
and number of cigarettes per day) relative risk esti¬
mates of CHD for quintile 5 compared with quintile 1
of serum cholesterol range from 4.8 for men aged 35 to
39 years to 2.1 for men aged 55 to 57 years. For these
same age groups, the proportional hazards regression
coefficients corresponding to serum cholesterol level
treated as a continuous variable are 0.0107 and 0.0056,

respectively.

As noted above, the interaction between age and sys¬
tolic BP with death due to CHD was weak and that is ev¬
ident from the data in Table 2. The range among the re¬
gression coefficients was small (0.0213 for men aged 50 to
54 years to 0.0276 for men aged 40 to 44 years). Similarly,
adjusted relative risk estimates of CHD death for quintile
5 compared with quintile 1 ranged from 2.4 to 3.5 among
the five age groups.
For diastolic BP, adjusted relative risk estimates of CHD
for quintile 5 compared with quintile 1 ranged from 3.4 (40
to 44 years) to 2.1 (55 to 57 years). Regression coefficients
ranged from 0.0392 (40 to 44 years) to 0.0281 (50 to 54

years).
Adjusted relative risk estimates of death due to CHD for
those who reported smoking 26+ cigarettes per day com¬
pared with nonsmokers ranged from 4.0 for men in the 35through 39-year-old age group to 2.2 for men in the 55through 57-year-old group. Regression coefficients corre¬
sponding to reported number of cigarettes smoked per
day ranged from 0.0308 (35 to 39 years) to 0.0194 (55 to 57
years).
Risk Differences by Age
The influence of age on risk differences or excess risk
in an opposite direction from that observed for risk
ratios; risk differences increased with increasing age (Ta¬
ble 2). Differences in death rates due to CHD between
quintile 5 and quintile 1 of serum cholesterol are 11.5 and
31.0 deaths per 10000 person-years for men in the 35through 39-year-old age group and in the 55- through 57year-old group, respectively.
Findings for BP and cigarette smoking were similar.
With increasing age, risk differences increased between
the first and fifth quintiles of systolic and diastolic BP, and
between cigarette smokers who reported smoking 26 or
more cigarettes per day and nonsmokers. For serum cho¬
lesterol level, systolic and diastolic BP, and cigarette
smoking, these increasing differences, viewed as interac¬
tions between age and excess risk, were highly significant

was

(P<.0001).
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COMMENT

These data provide additional strong support for the
well-established relationship of serum cholesterol level,
BP (systolic and diastolic), and cigarette smoking with
CHD. For BP and serum cholesterol level, the positive as¬
sociations with CHD are evident over a wide range of
values and persist over the 12-year follow-up period. Ap¬
proximately 80% of the men studied had serum choles¬
terol levels above optimal risk levels. A strong graded re¬
lationship with death due to CHD was noted for serum
cholesterol levels above 4.65 mmol/L (180 mg/dL), a find¬
ing similar to a previous report based on 6 years of
follow-up.22 Age-adjusted CHD rates for the three cate¬
gories of serum cholesterol levels below 4.65 mmol/L (180
mg/dL) (< 3.62 mmol/L [140 mg/dL], 3.62 to 4.11 mmol/L
[140 to 159 mg/dL], and 4.14 to 4.63 mmol/L [160 to 179
mg/dL]) were similar, averaging 8.3 per 10000 personyears. Thus, 4.65 mmol/L (180 mg/dL) may be a reason¬
able target for white men in this age group.
There was also a strong graded relationship for both
systolic and diastolic BP and death due to CHD; 80% or
more of men studied had BPs above optimal levels.
Overall, systolic BP was a stronger predictor of CHD than
diastolic BP. This was also noted in previous reports based
on 6 years of follow-up for these men.23,24 The absence of
a graded relationship of diastolic BP with death due to
CHD below 70 mm Hg was in part due to a higher mor¬
tality rate for those with systolic BP 160 mm Hg or greater
in this group compared with other categories of diastolic
BP (Fig 4). This stratum may include a subgroup of men
with preexisting heart disease. Evidence for possible preclinical disease at the time of BP measurement is that early
in follow-up, death rates for men in the lowest quintile of
diastolic BP were similar to those in the second and third
quintiles. After 3 years, differences among diastolic BP
quintiles were approximately constant. Thus, the data for
men screened in MRFIT offer minimal support for the "Jshaped hypothesis"25,26 or for a threshold level for dias¬
tolic BP as inferred from some analyses of Framingham
data.27 In this regard our findings are consistent with a
recent report by MacMahon et al,28 who pooled the results
of several epidemiologic studies (including the 6-year
follow-up data for the men described herein) to study the
association between BP, CHD, and stroke and noted that
there was no evidence of a "threshold" level of risk with
usual diastolic BP in the range 70 to 110 mm Hg.
The potential benefits of serum cholesterol and BP
lowering when based on observational studies such as
this are underestimated because of measurement error
and temporal variability associated with using mea¬
surements from a single visit.28-29 Estimates of the reli¬
ability of BP and serum cholesterol measurements from
MRFIT indicate that BP and serum cholesterol regres¬
sion coefficients should be multiplied by 1.5 and 1.4,
respectively, to adjust for "regression dilution bias."28
With use of these adjustment factors and the coeffi¬
cients in Table 2, a 0.26 mmol/L (10 mg/dL) lower
serum cholesterol level is associated with a 10% lower
risk of death due to CHD and a 7.5 mm Hg lower
diastolic BP is associated with a 30% lower risk of
death due to CHD. For the serum cholesterol level, the
estimate is similar to that reported by the Lipid Re¬
search Clinics Program,30 ie, for each 1% reduction in
the serum cholesterol level, a 2% reduction in CHD is

For men in the MRFIT, the average choles¬
terol level was 5.56 mmol/L (215 mg/dL); thus, a 5%
reduction is approximately 0.26 mmol/L (10 mg/dL).
For BP this estimate is similar to that reported by
MacMahon et al28 who estimated that such a diastolic
BP difference was associated with a 29% lower risk of
death due to CHD.
Kuller31 recently identified three questions concerning
the association of risk factors with CHD at different ages
that need to be addressed: (1) Do risk factors, identified
earlier in life, predict coronary heart disease at older ages?
(2) Do risk factors measured at later a age predict subse¬
quent coronary heart disease? (3) Are changes in risk fac¬
tors, that is from younger to older ages, predictors of cor¬
onary heart disease at later ages?
Results of this investigation are relevant to the first two
questions. When follow-up was divided into three inter¬
vals (first 5 years, 5 to 10 years, and 3=10 years after risk
factor measurement), serum cholesterol level, systolic
and diastolic BP, and cigarette smoking were significant
predictors of CHD in each time period. Risk of death due
to CHD associated with elevated BP and cholesterol lev¬
els persisted during follow-up, but a gradual decline in
the risk of CHD associated with cigarette smoking over
follow-up was evident. The declining risk ratio for ciga¬
rette smoking may result from smoking cessation, which
according to national data increased steadily in this age
group over the time period of follow-up, and from the re¬
sulting benefit of cessation on CHD.32
Benfante et al33 addressed the first question posed by
Kuller31 in a different manner than considered herein.
They compared risk factors for CHD by age of onset of
disease and observed that the increased risk of CHD as¬
sociated with elevated BP and serum cholesterol level was
similar for men who had disease develop before and after
60 years of age. However, cigarette smoking was more
strongly related to early onset of disease (younger than 60
years) than late onset (older than 60 years) in that study.
With regard to the second question posed by Kuller,31
in each age group (35 through 39 years, 40 through 44
years, 45 through 49 years, 50 through 54 years, and 55
through 57 years), serum cholesterol level, systolic and
diastolic BP, and number of cigarettes per day were sig¬
nificant predictors of death due to CHD. The strength of
associations, however, varied significantly by age. Risk
ratios associated with cigarette smoking and elevated
levels of serum cholesterol and BP declined with increas¬
ing age while risk differences increased. Thus, for both
relative risk (multiplicative) and excess risk (additive)
models, there was evidence of interaction or effect mod¬
ification with age. Each measure, the risk ratio and risk
difference, is useful for observational associations; how¬
ever, the risk difference, or excess risk estimate, is partic¬
ularly important once causality is established to assess the
potential public health impact of risk-factor lowering on
disease incidence.
The variable association between serum cholesterol
level and CHD by age has been noted previously for this
cohort based on 6 years of follow-up.22-34-35 Similar vari¬
ability by age has also been reported for men and women
in the Los Angeles Heart Study,36 for men and women in
the Framingham study,3740 for men in the Whitehall
study,41 and for men and women in the Chicago Heart
Association Detection Project in Industry.42 In three other
studies, significant associations with serum cholesterol

expected.
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level and CHD among men older than 65 years of age were
noted.43-45 There have been few investigations that have
considered risk differences associated with elevated se¬
rum cholesterol levels by
age.40,41,45 In all these studies,
trends for increasing risk differences with increasing age
were noted.
The decline of relative risk estimates and the increase
in excess risk estimates associated with cigarette smok¬
ing with increasing age reported herein are similar to
several large cohort studies.40-4648 The largest of these
studies, which involved 1 million men and women
aged 40 to 84 years, established the increased risk as¬
sociated with cigarette smoking in persons up to 80
years of age.47
No trend in the association between blood pressure and
CHD by age was evident for men in the Framingham study;
however, a decline in risk ratios for women in the Framingham study was observed.38 In three recent reports, systolic
BP was a significant predictor of CHD in participants 65
years and older in two studies,44-49 but not in one.43 The re¬
cent results of the Systolic Hypertension in the Elderly Pro¬
gram4 emphasize the importance of BP intervention in the
elderly as well as middle-aged persons.
It is possible that the declining risk ratios for dias¬
tolic BP and serum cholesterol level with increasing age
reflect the fact that they are not as good a marker of
atherosclerosis in older persons. Gordon et al,50 for
example, noted low-density lipoprotein and highdensity lipoprotein cholesterol levels were significant
predictors of CHD in men and women 49 to 82 years
while total serum cholesterol level was not. Likewise
our results indicate that systolic BP
may be a better
predictor of death due to CHD in older men than
diastolic BP. For example, relative risks of CHD for
quintile 5 to quintile 1 were greater for systolic than
diastolic BP for each age group above 39 years. We
reported similar findings based on 6 years of follow-

up.23

possibility proposed by Woodbury and Mana proxy for unmeasured physio¬
logic variables, in this case, underlying atherosclerosis. If
the amount of atherosclerosis present at specific levels of
cholesterol, BP, and cigarette smoking increased with
Another

ton51 is that age may be

age, this could result in observed associations between
these risk factors and CHD that attenuated with age.52
Cornfield and Detre53 speculated that the reduced associ¬
ation between serum cholesterol level and CHD for par¬
ticipants with prior evidence of CHD, such as observed in

the Coronary Drug Project,54-55 as compared with popula¬
tions free of CHD at the time of cholesterol measurement,
such as studied herein, was due to this phenomenon.
They hypothesized that the identification of participants
with a history of CHD resulted in the selection of more
patients with low cholesterol levels but high levels of ath¬
erosclerosis than might be observed in a population free
of CHD.
In summary, these findings indicate that a majority of
men between 35 and 57 years of age have risk levels that
are not optimal. The strength of the association of these
major risk factors with CHD in each group considered,
together with the findings of clinical trials,3"10 indicate that
preventive approaches should be considered for all ages.
While intervention early in life has more potential for re¬
ducing years of life lost due to CHD, efforts in older age
groups should also be emphasized since, owing to the

higher attributable risk for this
mortality may be substantial.

group, the

impact

on
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