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LONG-TERM, POPULATION-BASED,
prospective studies have amassed
extensive data on relationships of
major coronary-cardiovascular

risk factors—particularly serum choles-
terol level, blood pressure, and ciga-
rette smoking—with incidence of coro-
nary heart disease (CHD), stroke, and
cardiovascular disease (CVD), to mor-
tality fromthesecausesandall causes and
longevity.1-7 These relationships have
been well summarized as “ . . . strong,
continuous, graded, consistent, inde-
pendent, predictive, and etiologically sig-
nificant for those with and without coro-
nary heart disease.”7 The judgment on
etiologic significance is based on the con-
sistent results of many epidemiological
studies and on concordant findings from
clinical and postmortem investigations
and animal experimentation. This judg-
ment is reinforced by data from random-
ized controlled trials demonstrating that
sustained lowering of high blood pres-
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Context Three major coronary risk factors—serum cholesterol level, blood pres-
sure, and smoking—increase incidence of coronary heart disease (CHD) and related
end points. In previous investigations, risks for low-risk reference groups were esti-
mated statistically because samples contained too few such people to measure risk.

Objective To measure long-term mortality rates for individuals with favorable lev-
els for all 3 major risk factors, compared with others.

Design Two prospective studies, involving 5 cohorts based on age and sex, that en-
rolled persons with a range of risk factors. Low risk was defined as serum cholesterol
level less than 5.17 mmol/L (,200 mg/dL), blood pressure less than or equal to120/80
mm Hg, and no current cigarette smoking. All persons with a history of diabetes, myo-
cardial infarction (MI), or, in 3 of 5 cohorts, electrocardiogram (ECG) abnormalities,
were excluded.

Setting and Participants In 18 US cities, a total of 72 144 men aged 35 through
39 years and 270 671 men aged 40 through 57 years screened (1973-1975) for the
Multiple Risk Factor Intervention Trial (MRFIT); in Chicago, a total of 10 025 men aged
18 through 39 years, 7490 men aged 40 through 59 years, and 6229 women aged 40
through 59 years screened (1967-1973) for the Chicago Heart Association Detection
Project in Industry (CHA) (N = 366 559).

Main Outcome Measures Cause-specific mortality during 16 (MRFIT) and 22 (CHA)
years, relative risks (RRs) of death, and estimated greater life expectancy, comparing
low-risk subcohorts vs others by age strata.

Results Low-risk persons comprised only 4.8% to 9.9% of the cohorts. All 5 low-risk
groups experienced significantly and markedly lower CHD and cardiovascular disease
death rates than those who had elevated cholesterol level, or blood pressure, or smoked.
For example, age-adjusted RRs of CHD mortality ranged from 0.08 for CHA men aged
18 to 39 years to 0.23 for CHA men aged 40 through 59 years. The age-adjusted rela-
tive risks (RRs) for all cardiovascular disease mortality ranged from 0.15 for MRFIT men
aged 35 through 39 years to 0.28 for CHA men aged 40 through 59 years. The age-
adjusted RR for all-cause mortality rate ranged from 0.42 for CHA men aged 40 through
59 years to 0.60 for CHA women aged 40 through 59 years. Estimated greater life ex-
pectancy for low-risk groups ranged from 5.8 years for CHA women aged 40 through
59 years to 9.5 years for CHA men aged 18 through 39 years.

Conclusions Based on these very large cohort studies, for individuals with favor-
able levels of cholesterol and blood pressure who do not smoke and do not have dia-
betes, MI, or ECG abnormalities, long-term mortality is much lower and longevity is
much greater. A substantial increase in the proportion of the population at lifetime
low risk could contribute decisively to ending the CHD epidemic.
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sure or elevated serum cholesterol level
produces sizable reductions in CHD-
CVD incidence and in cause-specific and
all-cause mortality.7-14 These positive re-
sults have been obtained repeatedly, even
though trials have been undertaken in
middle-aged and older people after de-
cades of exposure to these adverse traits.
Extensive data also document that smok-
ing cessation has similar favorable ef-
fects.15,16

Most epidemiologic research on the
impact of major risk factors deals with
the predictive value of higher levels of
such factors. In assessments of their
combined impact, risks of those with
favorable status for all 3 major risk fac-
tors have been estimated statistically,
for example, by extrapolation down
multiple logistic smoothed curves.3 This
was necessary because in the popula-
tion samples studied, numbering in the
hundreds or thousands, too few people
had low levels of all major risk factors—
hence too few CVD events—to permit
direct measurement of risk.

Large, long-term studies permit mea-
sured estimates based on actual ob-
served mortality. In this article, we use
data on 5 cohorts from 2 studies, the
Multiple Risk Factor Intervention Trial
(MRFIT) and the Chicago Heart Asso-
ciation Detection Project in Industry
(CHA): 2 cohorts of young adult men,
2 cohorts of middle-aged men, and 1
cohort of middle-aged women—
366 559 people all together.

METHODS
Published reports on the MRFIT and
CHA cohorts detail their baseline
screening methods.5,6,17-19 We provide
a summary of these here.

Multiple Risk Factor
Intervention Trial
All together, 361 662 men aged 35
through57yearswerescreened in1973-
1975 at 22 centers in 18 US cities for re-
cruitment for MRFIT. The 342 815 men
with complete baseline risk factor data
are the focus here, stratified into 2 co-
horts: those aged 35 through 39 years
(n = 72 144) and 40 through 57 years
(n = 270 671).Trial eligibilitywasbased

onaman’smajorriskfactorprofile; there-
fore, initial screening includedmeasure-
ments only of blood pressure and serum
cholesterol level; current smoking (by
questionnaire), including number of
cigarettesperday;andconditions forex-
clusion, ie, drug treatment for diabetes
and previous hospitalization for myo-
cardial infarction (MI). Blood pressure
was measured according to a standard-
ized protocol by trained certified staff,
using a mercury sphygmomanometer,
with the man seated. Diastolic blood
pressure(DBP)wasmeasuredat the fifth
Korotkoff sound. Three readings per in-
dividual were taken; the average of the
secondandthirdsystolicbloodpressure
(SBP)measurementswasusedforanaly-
ses. Serumtotal cholesterol levelwasde-
termined, in 15 standardized local labo-
ratories, by the Lieberman-Burchard
color reaction and use of serum calibra-
tors to yield values equivalent to Abell-
Kendall reference values.17-19

Vital status of the men is ascer-
tained periodically through the US
National Death Index. Prior to 1979, So-
cial Security Administration records
were used. With a mean follow-up of
16 years, 38 265 deaths have been iden-
tified; cause of death is known for 98.9%
of decedents. Underlying cause of death
was coded by a nosologist using the In-
ternational Classification of Diseases,
Ninth Revision (ICD-9).20

Chicago Heart Association
Detection Project in Industry
Employees of 84 Chicago-area compa-
nies and organizations, about 75 000
people, were invited to participate. The
response rate was 55%. Screening was
done by 2 trained and standardized
4-person field teams who collected de-
mographic information, medical his-
tory, and medical treatment data; in-
formation on past and present smoking
status; 1 measurement of height, weight,
heart rate, and supine blood pressure;
resting electrocardiogram (ECG); and
venipuncture for blood chemistry mea-
surements. Serum total cholesterol level
was determined by the Levine and Zak
method.6,17 The criteria of the Pooling
Project3 were used to code ECG abnor-

malities. Three cohorts are the focus
here: men aged 18 through 39 years,
men aged 40 through 59 years, and
women aged 40 through 59 years.

Methods of follow-up to ascertain vi-
tal status include local procedures and
use of Social Security Administration
and National Death Index records. With
a mean follow-up of 22 years, vital sta-
tus has been determined for more than
99% of the cohorts. For each dece-
dent, underlying cause of death was
coded by a trained staff professional, us-
ing the International Classification of
Diseases, Eighth Revision (ICD-8).21

Low-Risk Criteria
Criteria for defining a person as low risk
were all of the following at baseline: se-
rum cholesterol level less than 5.17
mmol/L(,200mg/dL),SBP/DBPof120/
80mmHgorlower;notacurrentsmoker;
no history of diabetes or MI; and, for the
3 CHA cohorts, no ECG abnormalities.

Deaths from all CHDs were defined
for MRFIT cohorts as ICD-9 codes 410
through 414 and 429.9, for CHA co-
horts as ICD-8 codes 410 through 414;
MI, code 410; stroke, codes 430 through
438; all CVD, codes 390 through 459;
all cancers, codes 140 through 209; vio-
lence, for MRFIT cohorts ICD-9 codes
800 through 999, for CHA cohorts
ICD-8 codes E800 through E999 ex-
clusive of codes E930 through E936.
Coders were blinded to baseline data.

Statistical Methods
To focus on risk for persons with fa-
vorable levels of serum cholesterol,
blood pressure, and no tobacco use (all
3 combined), compared with persons
with adverse levels of 1 or more of these,
persons with histories of diabetes or MI
were excluded (all 5 cohorts), as were
persons with ECG abnormalities (the
3 CHA cohorts). Mortality rates for low-
risk and other persons were age-
adjusted by the direct method to the age
distribution of all persons in an age
stratum. Cox proportional hazards re-
gression was used to calculate age-
adjusted relative risks (RRs) and their
95% confidence intervals (CIs) for low-
risk compared with other persons.
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Cox multivariate proportional haz-
ards regression was used to calculate co-
efficients for the relation of baseline ma-
jor risk factors to all-cause mortality for
each cohort. Coefficients were used to
estimate number of years of greater life
expectancy for each low-risk subco-
hort compared with other persons of the
same cohort.17 Thus, the coefficient for
the relationship of SBP to all-cause mor-
tality in the Cox multivariate analyses
for CHA men aged 18 through 39 years
is 0.0116. Average SBP for the 942 low-
risk men was 116.0 mm Hg; for the 9083
other men, 136.0 mm Hg; by exponen-
tiation, estimated RR of death is
e−0.0116320 = e−0.232 = 0.793. To estimate im-
pact of this lower SBP on life expec-
tancy, we used the concomitant Cox
coefficient for the relationship of age to
all-cause mortality, 0.0703. The prod-
uct for SBP exponentiation, 0.0116 3
20 = 0.232, is also obtained when the co-
efficient for age, 0.0703, is multiplied by
3.3, which indicates that SBP of 116
mm Hg vs 136 mm Hg is equivalent to
being, on average, 3.3 years younger: eg,
age 26.7 years rather than age 30 years.

From US life tables,22 male expecta-
tion of life at age 30 years is 44.1 years;
at age 26.7 years, 47.2 years: ie, 3.1 years
estimated greater life expectancy is at-
tributable to SBP 116 mm Hg vs SBP
136 mm Hg. Similar calculations yield
data on impact on life expectancy of fa-
vorable status of the low-risk sub-
cohort for serum cholesterol level
and smoking compared with the other
subcohort. These 3 estimates are
summed to give the overall estimate
presented here.

RESULTS
Baseline Findings: Low-Risk
Subcohorts vs Others

The proportion of persons meeting low-
risk criteria was small: for young adult
men, 9.9% (MRFIT) and 9.4% (CHA);
for middle-aged men, 6.0% (MRFIT)
and 4.8% (CHA); and for middle-aged
women, 6.8% (CHA) (TABLES 1 and 2).
In accordance with low-risk criteria, av-
erage blood pressure and serum cho-
lesterol levels were much lower for low-
risk subcohorts compared with other
persons. Body mass index was lower for

CHA low-risk subcohorts compared
with others (Table 2).

Mortality by Cause, Low-Risk
Subcohorts vs Others
Coronary Heart Disease. The CHD
mortality rate was much lower for low-
risk subcohorts than for others, by 86%
to 92% for low-risk young adult men
(,40 years) and 77% to 79% for low-
risk middle-aged subcohorts (TABLE 3).
Findings were similar for death attrib-
uted to acute MI.

For low-risk subcohorts, CHD death
accounted for a much smaller propor-
tion of all death than for others (Table
3). This finding was especially promi-
nent for low-risk young adult men, with
CHD mortality only 6% to 8% of all
mortality vs 25% to 29% for others.

All CVDs. All CVD mortality was
much lower for low-risk subcohorts than
for others by 72% to 85% (Table 3).

Stroke, All Cancers, Violence, and All
Other Mortality. There were no stroke
deaths in the 2 young adult low-risk sub-
cohorts. For the 2 middle-aged, male
low-risk subcohorts, strokemortalitywas
lower than for others by 52% to 76%.
Mortality from cancers was consis-
tently lower for low-risk subcohorts com-
pared with others: by 44% to 56% for the
4 male low-risk subcohorts and 17% for
the female low-risk subcohort. No re-
sults significantly supported the hypoth-
esis that low serum cholesterol level is
associated with greater risk of violent
death. For the 2 young adult cohorts,
mortality from all other causes was simi-
lar for low-risk men and others. For the
3 middle-aged cohorts, RR was lower for
low-risk groups than others by 36% to
86%(TABLE 4).

All-Cause Mortality. Mortality from
all causes was consistently and mark-
edly lower for low-risk groups vs oth-
ers: by 50% to 58% for men and 40%
for women (TABLE 5). Estimated greater
life expectancy for low-risk subco-
horts vs others ranged from 5.8 years
to 9.5 years.

COMMENT
Large sample sizes and long follow-up
of the 5 MRFIT and CHA cohorts en-

Table 1. Baseline Descriptive Statistics: MRFIT Low-Risk Subcohorts and Other Men Aged
35-39 and 40-57 Years*

Variable

Age 35-39 y Age 40-57 y

Low-Risk
Subcohort Others

Low-Risk
Subcohort Others

No. 7163 64 981 16 302 254 369

Age, y† 36.9 (1.4) 37.0 (1.4) 47.2 (5.0) 48.3 (5.0)

Systolic BP, mm Hg† 112.5 (5.9) 128.0 (13.0) 112.3 (6.1) 132.0 (16.0)

Diastolic BP, mm Hg† 72.5 (5.8) 82.7 (10.0) 73.0 (5.5) 85.0 (10.4)

Serum cholesterol†
mmol/L 4.44 (0.49) 5.42 (1.00) 4.54 (0.46) 5.66 (1.00)

mg/dL 171.8 (19.0) 209.5 (38.6) 175.7 (17.8) 218.9 (38.5)

Cigarette smokers, % 0.0 44.4 0.0 37.7

Cigarette/d, overall† 0.0 11.3 (15.4) 0.0 9.8 (15.0)

Cigarette/d, smokers† 0.0 25.4 (13.2) 0.0 25.9 (13.3)

Annual income, $†‡ 24 635 (6472) 24 406 (6239) 25 384 (6499) 24 271 (6354)

Ethnicity, %
White 91.1 88.2 92.7 90.4

African American 4.1 7.2 3.8 6.4

Asian 2.1 1.6 1.3 1.1

Hispanic 2.0 2.3 1.6 1.8

Other 0.9 0.8 0.6 0.4

*Low risk is defined as baseline serum cholesterol ,5.17 mmol/L (,200 mg/dL), systolic BP/diastolic BP #120/#80
mm Hg, nonsmoker, no history of drug treatment for diabetes, no history of hospitalization for 2 weeks or longer for
myocardial infarction; other, all other men, not low risk, excluding those with history of treated diabetes or hospital-
ization for myocardial infarction. MRFIT indicates the Multiple Risk Factor Intervention Trial; BP, blood pressure.

†Data are mean (SD).
‡Data are based on mean income of ZIP code of residence according to 1980 US census.
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abled measurement of actual cause-
specific and all-cause mortality expe-
rience of adults assessed to be low risk
at baseline. Results were consistent
qualitatively and quantitatively for all
5 cohorts, young adult and middle-
aged, male and female, free at baseline
of a history of diabetes and MI, and of
ECG abnormalities (CHA cohorts).
Only a small minority (,10%) met all
criteria for low risk—serum choles-
terol level under 5.17 mmol/L (,200
mg/dL), SBP/DBP of 120/80 mm Hg or
less, and no cigarette smoking. Dur-
ing long-term follow-up, low-risk sub-
cohorts, compared with others, con-
sistently experienced significantly and
markedly lower CHD death rates by
77% to 92%, and CHD mortality was a
much smaller proportion of all-cause
mortality. Findings for stroke and for
all CVD paralleled those for CHD.
There was no evidence of significant
countervailing non-CVD mortality for
low-risk subcohorts; rather, their can-
cer mortality was consistently lower.
Consequently, compared with others,
all-cause mortality was markedly lower
for low-risk persons (by 40% to 58%),
and their estimated longevity was much
greater (by 5.8 to 9.5 years).

These findings directly confirm ear-
lier statistical estimates of the benefits

of low-risk status. For example, in the
national cooperative Pooling Project, risk
of a first major coronary event was es-
timated by multiple logistic regression
to be lower by 70% for middle-aged men
in the lowest quintile of risk, compared
with all other men.3 Concordantly, re-
cent data from the Framingham Study
estimate CHD risk to be considerably re-
duced for low-risk men and women

compared with all men and women.23

Results for the 5 MRFIT and CHA co-
horts go beyond such estimates in
several respects: (1) they are actual ob-
servations, not extrapolations from re-
gression analyses; (2) they are not only
for middle-aged men and women, but
also young adult men; (3) they demon-
strate the favorable impact of low-risk
status not only on CHD incidence, but

Table 2. Baseline Descriptive Statistics: Low-Risk Subcohorts and Other Men Aged 18-39 and 40-59 Years, Low-Risk Subcohorts and Other
Women Aged 40-59 Years, CHA Study*

Variable

Men Aged 18-39 Years Men Aged 40-59 Years Women Aged 40-59 Years

Low-Risk
Subcohort Others

Low-Risk
Subcohort Others

Low-Risk
Subcohort Others

No. 942 9083 358 7132 421 5808

Age, y 28.7 (5.3) 29.7 (5.5) 47.2 (5.2) 48.4 (5.5) 46.3 (4.7) 49.5 (5.4)

BMI, kg/m2 24.6 (3.0) 26.1 (3.7) 25.5 (3.0) 27.2 (3.5) 23.6 (3.3) 25.1 (4.4)

Systolic BP, mm Hg 116.0 (5.4) 136.0 (14.5) 115.7 (5.5) 141.1 (18.3) 114.7 (6.3) 136.3 (18.9)

Diastolic BP, mm Hg 69.8 (7.3) 78.8 (10.3) 71.9 (6.6) 83.9 (11.2) 70.2 (7.3) 80.2 (11.2)

Serum cholesterol
mmol/L 4.28 (0.53) 4.97 (0.94) 4.54 (0.45) 5.52 (0.92) 4.55 (0.43) 5.72 (1.03)

mg/dL 165.5 (20.5) 192.0 (36.2) 175.4 (17.3) 213.4 (35.7) 175.8 (16.8) 221.1 (39.7)

Smokers, % 0.0 51.8 0.0 42.7 0.0 39.2

Cigarettes/d, overall 0.0 10.9 (13.0) 0.0 10.2 (13.9) 0.0 7.0 (10.4)

Cigarettes/d, smokers 0.0 21.1 (10.5) 0.0 23.8 (11.3) 0.0 17.7 (9.1)

Education, y 14.7 (2.5) 13.8 (2.6) 14.0 (2.7) 12.9 (2.8) 12.6 (2.4) 11.9 (2.2)

African American, % 5.9 7.9 3.9 4.8 5.9 5.4

*Low risk is defined as all of the following at baseline: serum cholesterol ,5.17 mmol/L (,200 mg/dL); systolic BP #120 mm Hg; diastolic BP #80 mm Hg; not current smoker; no
history of diagnosed diabetes, diagnosed myocardial infarction, or diagnosed coronary heart disease, and no codable electrocardiographic (ECG) abnormality; and other, all
others, not low risk, with exclusion of persons with a history of diabetes, myocardial infarction, other coronary heart disease, or any ECG abnormality at baseline. CHA indicates
Chicago Heart Association Detection Project in Industry; BMI, body mass index; and BP, blood pressure. Data are mean (SD) unless otherwise indicated.

Table 3. Mortality From Coronary Heart Disease and All Cardiovascular Diseases for
Low-Risk Subcohorts and Others*

Cohort† No.
Low-Risk
Subcohort Others

Age-Adjusted
RR (95% CI),

Low-Risk
Subcohorts
vs Others

Coronary Heart Disease Mortality‡

MRFIT men aged 35-39 y 72 144 11 (0.2) 735 (1.5) 0.14 (0.08-0.25)

CHA men aged 18-39 y 10 025 1 (0.6) 126 (5.9) 0.08 (0.01-0.61)

MRFIT men aged 40-57 y 270 671 126 (4.4) 9578 (19.9) 0.22 (0.18-0.26)

CHA men aged 40-59 y 7490 6 (8.8) 516 (38.1) 0.23 (0.10-0.51)

CHA women aged 40-59 y 6229 2 (3.5) 181 (14.5) 0.21 (0.05-0.84)

All Cardiovascular Disease Mortality‡

MRFIT men aged 35-39 y 72 144 16 (0.3) 1022 (2.1) 0.15 (0.09-0.24)

CHA men aged 18-39 y 10 025 3 (1.4) 163 (7.7) 0.20 (0.06-0.62)

MRFIT men aged 40-57 y 270 671 190 (6.7) 13 247 (27.5) 0.24 (0.21-0.28)

CHA men aged 40-59 y 7490 10 (15.8) 714 (53.1) 0.28 (0.15-0.52)

CHA women aged 40-59 y 6229 4 (5.3) 281 (22.6) 0.27 (0.10-0.72)

*MRFIT indicates the Multiple Risk Factor Intervention Trial; CHA, Chicago Heart Association Detection Project in In-
dustry; RR, relative risk; and CI, confidence interval. For definitions of “low risk” and “others,” see footnotes to Tables
1 and 2.

†Ages are baseline ages; follow-up averaged 16 years in the MRFIT study and 22 years in the CHA study.
‡Data presented as No. of deaths (age-adjusted mortality rate per 10 000 person-years).

LOW RISK-FACTOR PROFILE AND MORTALITY AND LIFE EXPECTANCY

©1999 American Medical Association. All rights reserved. JAMA, December 1, 1999—Vol 282, No. 21 2015

Downloaded From: http://jama.jamanetwork.com/ on 06/21/2014



also CHD mortality, risk of fatal stroke,
all CVD, all cancers, and all causes, with-
out any significant evidence of counter-
vailing mortality risks; (4) they indi-
cate that low-risk status is associated
with greater life expectancy by several
years; and (5) additional analyses (re-
ported previously) on the CHA co-
horts show further that low risk in
middle age is associated with lower av-
erage annual costs for medical care in
older age.24

These data on the benefits of low risk
are almost certainly underestimates due
to both misclassification of individu-
als with a single measurement of the 3
major risk factors25 and lack of data on
the fourth independent major risk fac-
tor, adverse dietary pattern.1,2,5,6,8,17,19,26

Data on participant exercise habits were
also missing. In this regard, the 2 diet-
dependent major risk factors (serum
cholesterol level and blood pressure)
may be viewed not only as etiologi-
cally significant traits, but also as mark-
ers of other lifestyle characteristics con-
tributing to favorable outcomes for low-
risk subcohorts. This inference is
supported by the CHA data showing
lower average body mass index for low-
risk individuals vs others.

The data here challenge the view that
the major risk factors “ . . . explain at
most half of all myocardial infarc-
tions.” 27 Despite underestimation, fa-
vorable status for all 3 major risk fac-
tors consistently predicted long-term
CHD and MI mortality rates that are
lower by much more than 50%: by 86%
to 92% for young adult men and 77%
to 79% for middle-aged persons com-
pared with others. Consequently, for
low-risk subcohorts, in contrast to oth-
ers, MI and CHD mortality rates were
not at epidemic levels, were not main
causes of death, and did not account for
a large proportion of all deaths. Avail-
able data indicate that this favorable sta-
tus for low-risk persons holds for both
African Americans and whites, and for
those of lower and higher socioeco-
nomic status.28

These findings are relevant for the na-
tional effort to end the CHD-CVD epi-
demic. They lend strong support to the

Table 4. Mortality From Stroke, Cancer, Violence, and Other Causes for Low-Risk
Subcohorts and Others*

Cohort† No.
Low-Risk

Subcohort‡ Others‡

Age-Adjusted RR (95% CI),
Low-Risk Subcohorts

vs Others

Stroke Mortality

MRFIT men aged 35-39 y 72 144 0 (0.0) 86 (0.2) . . .

CHA men aged 18-39 y 10 025 NA§ NA§ . . .

MRFIT men aged 40-57 y 270 671 15 (0.6) 1054 (2.2) 0.24 (0.14-0.40)

CHA men aged 40-59 y 7490 2 (8.3) 89 (13.5) 0.48 (0.12-1.94)

CHA women aged 40-59 y 6229 1 (1.9) 54 (9.0) 0.36 (0.05-2.58)

Cancer

MRFIT men aged 35-39 y 72 144 36 (0.7) 758 (1.5) 0.44 (0.32-0.62)

CHA men aged 18-39 y 10 025 7 (7.9) 140 (13.7) 0.56 (0.26-1.19)

MRFIT men aged 40-57 y 270 671 393 (13.5) 11 579 (24.0) 0.56 (0.51-0.62)

CHA men aged 40-59 y 7490 16 (50.7) 653 (95.6) 0.48 (0.29-0.79)

CHA women aged 40-59 y 6229 22 (45.8) 409 (69.2) 0.83 (0.54-1.28)

Violence

MRFIT men aged 35-39 y 72 144 45 (0.8) 394 (0.8) 1.04 (0.76-1.42)

CHA men aged 18-39 y 10 025 1 (1.2) 100 (11.5) 0.10 (0.01-0.68)

MRFIT men aged 40-57 y 270 671 93 (3.1) 1777 (3.7) 0.81 (0.65-0.99)

CHA men aged 40-59 y 7490 3 (8.8) 65 (9.1) 0.86 (0.27-2.75)

CHA women aged 40-59 y 6229 3 (12.5) 24 (4.1) 1.94 (0.57-6.58)

Other Causes

MRFIT men aged 35-39 y 72 144 42 (0.8) 400 (0.8) 0.96 (0.70-1.32)

CHA men aged 18-39 y 10 025 9 (9.7) 76 (8.2) 1.15 (0.57-2.29)

MRFIT men aged 40-57 y 270 671 172 (6.0) 4431 (9.2) 0.64 (0.55-0.74)

CHA men aged 40-59 y 7490 7 (23.1) 252 (37.3) 0.55 (0.26-1.17)

CHA women aged 40-59 y 6229 1 (6.9) 129 (21.7) 0.14 (0.02-1.03)

*Other causes are other than cardiovascular disease, cancer, and violence. MRFIT indicates the Multiple Risk Factor
Intervention Trial; CHA, Chicago Heart Association Detection Project in Industry; RR, relative risk; CI, confidence
interval; and ellipses, not applicable. For definitions of “low risk” and “others,” see footnotes to Tables 1 and 2.

†Ages are baseline ages; follow-up averaged 16 years in the MRFIT study and 22 years in the CHA study.
‡Data presented as No. of deaths (age-adjusted rate per 10 000 person-years).
§NA indicates not analyzed; only 10 stroke deaths occurred, all in the other substratum.

Table 5. Mortality From All Causes, Low-Risk Subcohorts and Others, and Estimated Greater
Life Expectancy for Low-Risk Subcohort Compared With Others*

Cohort† No.
Low-Risk

Subcohort‡ Others‡

Age-Adjusted
RR (95% CI),

Low-Risk
Subcohorts
vs Others

Estimated
Greater Life
Expectancy,

Low-Risk
Subcohorts

vs Others, y§

MRFIT men aged 35-39 y 72 144 139 (2.5) 2574 (5.2) 0.50 (0.42-0.59) 6.3

CHA men aged 18-39 y 10 025 20 (10.2) 479 (23.5) 0.43 (0.28-0.68) 9.5

MRFIT men aged 40-57 y 270 671 848 (29.2) 31 034 (64.4) 0.45 (0.42-0.48) 5.9

CHA men aged 40-59 y 7490 36 (54.6) 1684 (124.9) 0.42 (0.30-0.58) 6.0

CHA women aged 40-59 y 6229 30 (36.1) 843 (68.4) 0.60 (0.42-0.87) 5.8

*MRFIT indicates the Multiple Risk Factor Intervention Trial; CHA, Chicago Heart Association Detection Project in In-
dustry; RR, relative risk; and CI, confidence interval. For definitions of “low risk” and “others,” see footnotes to Tables
1 and 2.

†Ages are baseline ages; follow-up averaged 16 years in the MRFIT study and 22 years in the CHA study.
‡Data presented as No. of deaths (age-adjusted mortality rate per 10 000 person-years).
§Coefficients from the multiple proportional hazards regression (Cox) analyses on all-cause death, used to estimate

greater life expectancy for low-risk subcohorts, were, for each of the cohorts, age, 0.095237, 0.070310, 0.088974,
0.087617, 0.081819; serum cholesterol, 0.004108, 0.007514, 0.001890, 0.001317, −0.000123; systolic blood pres-
sure, 0.015329, 0.011641, 0.015168, 0.011213, 0.011565; and cigarettes per day, 0.024274, 0.026640, 0.024504,
0.027344, 0.037216. All P values for these coefficients were ,.001 except for serum cholesterol for CHA men aged
40-59 years (T-score = 1.941) and for CHA women aged 40-59 years (T-score = −0.142). Other variables in these
Cox multivariate analyses were for the 2 MRFIT cohorts, ethnicity (African American, yes/no) and for the 3 CHA co-
horts, body mass index (BMI), BMI2, education (y), former smoker (yes/no), and ethnicity (African American, yes/no).
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concept2 that a strategy based on iden-
tifying, evaluating, and treating people
with risk factors is not enough. A popu-
lation-wide strategy is critical to pre-
vent and reduce the magnitude of all
the major risk factors, first and fore-
most by safe nutritional-hygienic
means, so that a substantial increase is
achieved in the proportion of people in
the population who, throughout life,
have favorable levels for all the major
risk factors and so are at low risk. For
upcoming generations, this means en-
couraging favorable behaviors begin-
ning in early childhood in regard to eat-
ing, drinking, exercising, and smoking.
For others (particularly older chil-
dren, teenagers, and young adults), this
strategy emphasizes efforts to pre-
serve favorable risk factor status for
those who still have none of the major
risk factors.

Genetic makeup undoubtedly influ-
enced propensity to fall into low-risk
categories. However, as shown by mul-
tiple data sets on groups such as Ameri-
can Seventh Day Adventists, Chinese,
Greeks, Italians, Japanese, and South
Africans, adult population average se-
rum cholesterol level lower than 5.17
mmol/L (,200 mg/dL) is widely preva-
lent.1,2 For the US population as a whole
in the 1990s, mean serum cholesterol
level has fallen almost to the national
health goal for the year 2000 of no more
than 5.17 mmol/L (200 mg/dL).29 Simi-
larly, extensive data are available on iso-
lated populations around the world
with average adult SBP/DBP of 120/80
mm Hg or less, with little or no blood
pressure rise during adulthood, and
with little or no hypertension30: favor-
able blood pressure patterns that are not
due to unusual genetic makeup, since
with migration and adoption of mod-
ern lifestyles these populations too de-
velop adverse blood pressure levels.

Therefore, lifestyle also clearly
influences who will fall into the low
risk-factor group. Since the 1960s,
nutritional recommendations have
been available for prevention of dys-
lipidemia in the form of advice to
decrease intake of dietary total fat,
saturated fat, cholesterol; partially

replace saturated fat with monoun-
saturated and polyunsaturated fat;
increase intake of dietary fiber, espe-
cially water-soluble fiber; and prevent
or reduce overweight.1,2,8,19,26,29,31 Aver-
age serum cholesterol levels of the
adult population have decreased from
approximately 6.21 mmol/L (240
mg/dL) to less than 5.30 mmol/L (205
mg/dL).29 More recently, lifestyle rec-
ommendations have been set down for
prevention of adverse blood pressure
levels. These initially involved avoid-
ance of high salt intake, inadequate
potassium intake, excess alcohol use,
overweight, and sedentary habits,30-32

and have been expanded to include
high intake of fruits and vegetables,
fat-free and low-fat protein sources,
and low intake of lipid-rich foods (ie,
reduced dietary total fat, saturated fat,
and cholesterol).7,33,34 National survey
data indicate that average blood pres-
sure levels of Americans and rates of
high blood pressure are lower as a
result of improved lifestyles, indepen-
dent of effects of antihypertensive
drug treatment.35 All these data sup-
port the concept that lifestyles, par-
ticularly nutritional habits, inter-
digitate with polygenic propensities
(widespread in the population) to
influence average serum lipid and
blood pressure levels of both indi-
viduals and the overall population.
Adverse levels are not fixed conse-
quences of the genome; they are
widely amenable to prevention by safe
nutritional-hygienic means, with
resultant sizable increases in the pro-
portion of the population at low risk.

In summary, data from large, popu-
lation-based, prospective studies indi-
cate that lifetime favorable status in re-
gard to all 3 major CHD-CVD risk
factors (serum cholesterol level, blood
pressure, and smoking) leads to low
mortality rates from CHD, CVD, and all
causes and increased life expectancy.
The extensive findings support a stra-
tegic emphasis on population-wide pri-
mary prevention of all major risk fac-
tors as a key component of the effort
to end the CHD-CVD epidemic. Re-
search advances have supplied the sci-

entific information to make implemen-
tation of this strategic component
widely feasible. The challenge is to mo-
bilize the societal will and resources to
realize these goals in all population
strata to help end the CHD-CVD epi-
demic early in the next century.
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Language is the dress of thought.
—Samuel Johnson (1709-1784)
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