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Resting Heart Rate is a Risk Factor for Cardiovascular and Noncardiovascular
Mortality

The Chicago Heart Association Detection Project In Industry

Philip Greenland,1-2 Martha L. Daviglus,1 Alan R. Dyer,1 Kiang Liu,1 Cheng-Fang Huang,1 Jeffrey J. Goldberger,2

and Jeremiah Stamler1

In a prospective cohort study, associations of resting heart rate with risk of coronary, cardiovascular disease,
cancer, and all-cause mortality in age-specific cohorts of black and white men and women were examined over
22 years of follow-up. Participants were employees from 84 companies and organizations in the Chicago, Illinois,
area who volunteered for a screening examination. Participants included 9,706 men aged 18-39 years, 7,760
men aged 40-59 years, 1,321 men aged 60-74 years, 6,928 women aged 18-39 years, 6,915 women aged
40-59 years, and 1,151 women aged 60-74 years at trie baseline examination in 1967-1973. Vital status was
ascertained through 1992. For fatal coronary disease, multivariate-adjusted relative risks associated with a 12
beats per minute higher heart rate (one standard deviation) were as follows: for men aged 18-39 years, relative
risk (RR) = 1.27 (95% confidence interval (Cl) 1.08-1.48); for men aged 40-59 years, RR = 1.13 (95% Cl
1.05-1.21); for men aged 60-74 years, RR = 1.00 (95% Cl 0.89-1.12); for women aged 40-59 years, RR = 1.21
(95% Cl 1.07-1.36); and for women aged 60-74 years, RR = 1.16 (95% Cl 0.99-1.37). Corresponding risks for
all fatal cardiovascular diseases were similar to those for coronary death alone. Deaths from cancer were
significantly associated with heart rate in men and women aged 40-59 years. All-cause mortality was associated
with higher heart rate in men aged 18-39 years (RR = 1.11, 95% Cl 1.01-1.20), men aged 40-59 years (RR =
1.16, 95% Cl 1.11-1.21), and women aged 40-59 years (RR = 1.20, 95% Cl 1.13-1.27). Heart rate was not
associated with mortality in women aged 18-39 years. In summary, heart rate was a risk factor for mortality from
coronary disease, all cardiovascular diseases, and all causes in younger men and in middle-aged men and
women, and for cancer mortality in middle-aged men and women. Am J Epidemiol 1999;149:853-62.
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In humans, several long term cohort studies have
found resting heart rate to be a risk factor for mortality
from coronary heart disease, cardiovascular diseases,
cancer, or all causes (1-8). Some prior reports have
been limited to men (1, 2, 4, 5, 8), and most were
restricted to specific age groups, typically persons who
were middle-aged at baseline examination. In a few
reports, heart rate was not found to be a risk factor for
mortality after adjustment for multiple covariates (3, 7,
8). Thus, the role of resting heart rate as a risk factor in
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humans remains incompletely examined in a wide
range of ages and in both sexes.

Heart rate as an independent risk factor for mortality
was investigated with use of data from the Chicago
Heart Association Detection Project in Industry, a large
prospective study providing mortality data for age-
specific cohorts of both women and men. In this set of
analyses, we stratified the data by sex and age to deter-
mine the relation of resting heart rate to mortality in
women and men aged 18-39, 40-59, and 60-74 years
at baseline, and we controlled for multiple possible
confounding variables.

MATERIALS AND METHODS

Population

Between November 1967 and January 1973, the
Chicago Heart Association Detection Project in
Industry screened 39,573 women and men of varied
ethnicities in 84 cooperating companies and organiza-
tions in the Chicago, Illinois, area. All employees in
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the labor force, totaling approximately 75,000 people,
were invited to participate regardless of type of job or
shift worked. The volunteer rate for this screening
effort was 53 percent.

Survey methods

Details on the standardized methods used in the
Chicago Heart Association field examination have been
given elsewhere (9). In brief, trained staff (nurses and
technicians) measured height, weight, supine blood
pressure (a single casual reading using a standard mer-
cury sphygmomanometer), serum total cholesterol
(nonfasting blood sample), plasma glucose level (1
hour after a 50-g oral glucose load), and serum uric acid
level, and took a resting electrocardiogram. A self-
administered questionnaire was used to collect demo-
graphic data, smoking history, and information on pre-
vious medical diagnoses and treatments (e.g., clinical
diagnosis of hypertension or diabetes mellitus).

Resting electrocardiograms were recorded with the
participant lying supine following a minimum rest
period of 5 minutes. All electrocardiograms were read
by one cardiologist using the criteria and forms of the
1960-1962 National Health Examination Survey (10).
Tracings with any abnormality were later identified
and reclassified according to the Minnesota code (11).
Electrocardiographic abnormalities were classified as
major or minor based on the criteria of the Pooling
Project Research Group (12).

During the first years of screening, resting heart rate
was determined to the nearest beat per minute by mea-
suring the interval between R waves for three consec-
utive QRS complexes recorded on the electrocardio-
gram. In the later years of screening, a heart rate meter
attached to skin electrodes performed the same mea-
surement electronically and provided a digital reading.
During a brief middle phase, heart rate was not sys-
tematically measured. Participants screened during
this interim phase were excluded from these analyses.

Exclusions

A total of 5,792 participants were excluded, for the
following reasons: data were missing upon follow-up
(n = 100); the participants were outside of the age
range of the study, i.e., they were not aged 18-74 years
(n = 190); information on heart rate was missing, as
described above (n = 4,971); data on other relevant
variables were missing (n = 435); and there was elec-
trocardiographic evidence of prior myocardial infarc-
tion at baseline (n = 96). Thus, this report is based on
33,781 persons (18,787 men and 14,994 women) aged
18-74 years who were free of electrocardiographic
evidence of prior myocardial infarction at baseline,

with the following age breakdown: 9,706 men aged
18-39 years, 7,760 men aged 40-59 years, 1,321 men
aged 60-74 years, 6,928 women aged 18-39 years,
6,915 women aged 40-59 years, and 1,151 women
aged 60-74 years.

Mortality endpoints

Vital status was ascertained through 1992, with a
mean follow-up of 22 years. Deaths among cohort
members were determined by several methods: before
1979, by direct mail, telephone, contact with the orig-
inal employer, or matching of cohort records against
Social Security Administration files; after 1979, by
matching of study records against National Death
Index records. Death certificates were obtained for
known decedents, and multiple causes of death were
coded by a physician according to the Eighth Revision
of the International Classification of Diseases (ICD-
8), adapted for use in the United States (13). All cod-
ing decisions were cross-checked by study team mem-
bers blinded to baseline data. For this report, only
underlying cause of death was used. Coronary heart
disease mortality was defined as ICD-8 codes
410.0-414.9, cardiovascular disease mortality as ICD-
8 codes 400.0-445.9, and cancer mortality as ICD-8
codes 140.0-209.9.

Statistical analyses

Two types of analyses were conducted. In the first
type, participants were subdivided into four strata
based on heart rate (<70, 70-79, 80-89, and >90 beats
per minute). For each of the six age/sex groups, age-
adjusted mortality rates per 10,000 person-years of
follow-up were computed for coronary heart disease,
cardiovascular disease, cancer, and all-cause mortality.
Mortality rates for the four heart rate strata were age-
adjusted by the direct method for each age/sex cohort
based on the overall age distribution for each age/sex
cohort. In the second type of analysis, three propor-
tional hazards (Cox) regression models were used to
calculate relative risks of death associated with a dif-
ference of 12 beats per minute (approximately one
standard deviation) in heart rate. Model 1 adjusted
only for baseline age. Model 2 adjusted for age, edu-
cation (years), race (black and nonblack), serum total
cholesterol (mg/dl), cigarette smoking (cigarettes/day),
body mass index (weight (kg)/height (m)2), body mass
index squared, clinical diagnosis of diabetes mellitus,
and major and minor electrocardiographic abnormali-
ties. Because heart rate can contribute directly to the
pathogenesis of hypertension (14, 15), blood pressure
may be in the pathway of the relation between heart
rate and mortality; therefore, model 2 analyses were
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performed without inclusion of blood pressure, to take
into consideration the possibility of overadjustment. In
a third model (model 3), all variables in model 2 were
included plus systolic blood pressure (mmHg).

To determine whether the heart rate-mortality asso-
ciation was consistent over time, we fitted separate
Cox regression analyses for all men and all women
aged 18-74 years for the 1- to 11-year and > 12-year
segments of follow-up time. This analysis could not be
performed meaningfully for the six separate age/sex
cohorts because of small numbers of deaths in several
of these subgroups during the first 11 years of follow-
up.

RESULTS

Baseline descriptive statistics

Table 1 presents data on baseline variables for the
six age-/sex-specific cohorts. Mean heart rate was sim-
ilar across the three age groups in men and was lower
with age in women. Blood pressure was higher with
age in both men and women; as expected, serum cho-
lesterol was higher with age in women only. The pro-
portion of current smokers was lower in men and
women aged 60-74 years than in persons aged 18-39
years and 49-59 years. On average, male smokers used
more than one package of cigarettes per day, female
smokers fewer. Proportions of men and women with
electrocardiographic abnormalities, diabetes, and anti-
hypertensive drug treatment increased with age.

Correlations of heart rate with other baseline vari-
ables are shown by age and sex in table 2. Heart rate
was positively and significantly correlated with sys-
tolic and diastolic blood pressures and cigarette smok-
ing in all age groups (p < 0.01). Education was
inversely correlated with heart rate in men and women
aged 18-39 years and 40-59 years (p < 0.01); this
association could have been due to greater cigarette
smoking by less educated persons. Correlations of
heart rate with age, serum cholesterol, and body mass
index were small and/or inconsistent.

Baseline heart rate and 22-year mortality

Age-adjusted mortality rates for coronary heart dis-
ease, cardiovascular disease, all cancers, and all causes
were generally higher with higher heart rate in younger
men and in middle-aged and older men and women
(tables 3 and 4). With only eight coronary heart disease
deaths and 17 cardiovascular disease deaths in women
aged 18-39 years, rates in this age/sex group were
unstable across the four heart rate strata.

Tables 5-7 show the relation of a heart rate higher
by 12 beats per minute to 22-year relative risks of
death from coronary heart disease, cardiovascular dis-
ease, cancer, and all causes for age-specific cohorts of
men and women, with adjustment for age only (model 1)
and adjustment for age and other major risk factors
and potentially confounding factors (models 2 and
3). Because of concern about overadjustment (see

TABLE 1. Baseline characteristics of men and women In the Chicago Heart Association Detection Pro|ect In Industry, by age
group, 1967-1973

variable

Mean heart rate (beats/minute)
Mean age (years)
Mean serum cholesterol level (mg/dl)
Mean systolic blood pressure (mmHg)
Mean diastolic blood pressure (mmHg)
Antihypertensive treatment (%)
Cigarette smoking

Current smokers (%)
Ex-smokers (%)
Mean no. of cigarettes smoked per day

(among smokers only)
Mean body mass indexf
Electrocardiographic abnormality

Major (%)
Minor only (%)

Diagnosis of diabetes mellitus (%)
Mean years of education
Black race (%)

Ages
18-39 years
(n = 9,706)

75.4 (12.2)»
29.6 (5.5)

189.7(36.2)
134.2(10.7)
77.9(10.7)

1.1

48.3
23.4

21.1 (10.7)
26.0 (3.7)

3.3
5.4
1.0

13.8(2.6)
8.6

Men

Ages
40-59 years
(n = 7,760)

76.5 (12.2)
48.7 (5.6)

212.5 (37.2)
141.5(20.2)
84.2 (12.2)

5.6

42.1
34.2

23.7(11.6)
27.3 (3.7)

8.5
7.6
3.4

12.8(2.8)
5.6

Ages
60-74 years
(n= 1,321)

75.1 (12.2)
63.1 (3.0)

210.9(35.0)
152.8(22.3)
86.7 (12.4)

11.6

28.6
41.9

21.1 (11.0)
27.3 (3.6)

20.2
10.8
6.7

11.9(3.1)
4.2

Ages
18-39 years
(n = 6,928)

79.5(12.3)
26.8(6.1)

180.8 (33.3)
123.3 (13.8)
72.6(10.5)

0.7

44.0
16.7

16.7(9.9)
22.8 (4.0)

5.3
3.3
0.8

13.0(2.1)
23.7

Women

Ages
40-59 years
(no 6,915)

76.8(11.7)
49.5 (5.4)

218.8(40.4)
136.4(20.2)
80.3(11.8)

7.7

36.0
15.1

6.4(10.1)
25.2 (4.5)

12.3
4.9
2.3

11.9(2.2)
5.3

Ages
60-74 years
(n= 1,151)

74.9 (11.4)
63.2 (3.2)

233.0 (39.7)
149.0(21.9)
83.1 (11.9)

17.5

23.7
14.1

7.0 (9.7)
26.8 (4.3)

20.1
5.0
3.2

11.4(2.6)
2.1

* Numbers in parentheses, standard deviation,
t Weight (kgyheight (m)2.
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TABLE 2. Simple correlations of baseline heart rate with other variables among men and women In the
Chicago Heart Association Detection Project in Industry, by age group, 1967-1973

Variable

Age (years)
Serum cholesterol level (mg/dl)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Cigarette smoking (noiday)
Body mass indext
Education (years)

Ages
18-39
yeara

0.034*
0.088*
0.295*
0.191*
0.190*
0.041*

-0.140*

Men

Ages
40-59
years

-0.028
0.078
0.267*
0.206*
0.212*
0.039*

-0.121*

Ages
60-74
years

-0.024
0.013
0.255*
0.244*
0.149*

-0.029
-0.042

Ages
18-39
years

-0.038*
0.024
0.293*
0.189*
0.123*
0.010

-0.064*

Women

Ages
40-59
years

-0.094*
-0 .024*

0.226*
0.197*
0.142*
0.023

-0 .042*

Ages
60-74
years

-0.038
-0.017

0.264*
0.195*
0.154*

-0.059*
-0.037

•p<0.01.
t Weight (kgyheight (my.

"Statistical analyses" above), results from model 2 are
emphasized below.

Coronary heart disease mortality. Significant inde-
pendent positive associations of heart rate and 22-year
coronary heart disease mortality were found in men
aged 18-39 years and in men and women aged 40-59
years, with relative risks (model 2) of 1.27, 1.13, and
1.21, respectively, per 12 beats/minute higher heart rate.
Women aged 60-74 years had a relative risk of 1.16 per
12 beats/minute difference in heart rate for fatal coro-
nary disease. This increased risk, although similar to that
for women aged 40-59 years, was—with the smaller
sample size—of borderline statistical significance.

Cardiovascular disease mortality. For all cardio-
vascular disease mortality, significantly greater risk
with higher heart rate was also found in younger men
and in middle-aged men and women. Relative risks for

fatal cardiovascular disease were 1.23, 1.10, and 1.22,
respectively, in these three cohorts.

Cancer mortality. For cancer mortality, associa-
tions were significant for middle-aged men and
women (relative risks were 1.20 and 1.15, respectively).
Heart rate was not associated with risk of mortality due
to cancer among younger or older men or women.

All-cause mortality. An increased risk of death
from all causes with higher heart rate was observed in
five of the six age/sex groups—i.e., for all groups
except women aged 18-39 years (relative risks of
1.05-1.20). Results were significant for younger men
and middle-aged men and women and were borderline
significant for older men.

Relations of heart rate to risks of coronary heart dis-
ease mortality, all cardiovascular disease mortality,
and all-cause mortality tended to be stronger in middle-

TABLE 3. Age-adjusted cause-specific mortality rates over 22 years In men, by heart rate (beats per minute), Chicago Heart
Association Detection Protect in Industry

Age group and
heart rate

(beats/minute)

Ages 18-39 years
<70
70-79
80-89
£90

Ages 40-59 years
<70
70-79
80-89
290

Ages 60-74 years
<70

•70-79
.80-89

290

No.
of

men

3,100
3,018
2,282
1,306

2,225
2,474
1,844
1,217

442
419
272

• 188

Msrsofi"

yoflrs
OT

fed low-i I D

65,535
63,776
47,852
27,442

44,390
48,052
35,248
22,160

7,273
6,730
4,332
2,670

No. of
coronary

heart
disease
deaths

22
28
50
35

149
234
187
157

106
85
56
47

Age-
adjusted

rate/10,000
person-
years

3.4
4.4

10.3
12.1

32.7
47.9
54.5
74.1

145.8
126.1
127.9
179.7

No. of
cardio-

vascular
disease
deaths

28
39
61
43

214
298
251
193

145
122
82
61

Age-
adjusted

rate/10,000
person-
years

4.4
6.1

12.6
14.9

46.9
60.9
73.6
90.6

199.3
181.7
189.3
233.4

M r ,
ITU.

nfO I

csncor
deaths

34
42
46
23

153
221
186
148

72
82
44
35

Age-
adjusted

rate/10,000
person-
years

5.4
6.5
9.6
8.0

33.5
45.3
53.9
68.8

99.0
122.7
103.2
133.0

No. of
deaths
from
all

causes

114
147
146
101

452
643
540
444

256
254
155
132

Age-
adjusted

rate/10,000
person-
years

17.6
23.0
30.4
35.3

99.2
131.6
157.8
207.2

352.0
378.7
360.8
501.5
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TABLE 4. Age-adjusted cause-specific mortality rates over 22 years in women, by heart rate (beats per minute), Chicago Heart
Association Detection Project In Industry

Age group and
heart rate

(beats/minute)

No.
of

Person-
years

of
follow-up

No. of
coronary

heart
disease
deaths

Age-
adjusted

rate/10,000
person-
years

No. of
cardio-

vascular

deaths

Age-
adjusted

rate/10,000
person-
years

No.
of

cancer
deaths

Age-
adjusted

rate/10,000
person-
years

No. erf
deaths
from

an
causes

Age-
adjusted

rate/10,000
person-
years

Ages 18-39 years
<70
70-79
80-89
£90

Ages 40-59 years
<70
70-79
80-89
£90

Ages 60-74 years
<70
70-79
80-89
£90

1,350
2,145
2,014
1,419

1,776
2,323
1,810
1,006

360
407

258
126

27,972
44,966
41,963
29,725

36,558
47,957
36,749
20,227

6,679
7,362

4,748
2,194

4
1

2
1

53
63
88
50

36
59
31
22

1.4
0.2
0.5
0.4

13.3
13.1
25.1
26.4

52.8
79.7
63.3

104.3

5
1

6
5

80
100
121

75

62
86
53
32

1.8
0.2
1.4
1.8

20.0
20.8
34.4

39.1

90.6
116.0
110.9
147.8

15
31
22
15

107

143
149
86

57
55
24

20

5.4
6.7
5.2
5.4

28.1
29.8
41.8
43.9

84.8
74.5
57.0
92.4

34
47
49
36

227

303
317
210

137
165
109
59

12.1
10.3
11.6
12.8

58.1
63.1
89.4

108.1

202.2
222.6
236.0
271.4

TABLE 5. Adjusted relative risk* of mortality over 22 years In men and women aged 18-39 years, by baseline heart rate,
Chicago Heart Association Detection Project In Industry

Cause
of

death

Men Women

Model 1f Mode) 2§ Model 3H Model 1f Model 2§ Model 3D

95%CI$ RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl

Coronary heart disease 1.51 1.31-1.75 1.27 1.06-1.48 1.20 1.02-142 — # — # — #

Cardiovascular disease 1.57 1.29-1.68 1.23 1.07-1.42 1.14 0.99-1.32 1.18 0.74-1.87 1.02 0.62-1.68 0.91 0.54-1.52

Cancer 1.23 1.05-1.43 1.10 0.94-1.29 1.09 0.92-1.29 1.02 0.82-1.26 1.02 0.81-1.27 0.99 0.78-1.25

All causes 1.26 1.16-1.36 1.11 1.01-1.20 1.04 0.95-1.14 1.05 0.90-1.22 1.01 0.86-1.18 0.97 0.82-1.14

• Relative risk associated with a 12 beats/minute higher heart rate,
t Age-adjusted model.
t RR, relative risk; Cl, confidence interval.
§ Muttrvarlate proportional hazards (Cox) model adjusted for baseline age and education (years), serum cholesterol (mg/dl), smoking (cigarettes/day), body

mass index, body mass index1, major and minor electrocarcSographlc abnormalities (no/yes), race (Hack/nonblack), and diabetes (no/yes).
U Adjusted for variables listed in model 2 plus systolic blood pressure (rrunHg).
# There were too few deaths In this category for estimation of the relative risk.

TABLE 6. Adjusted relative risk* of mortality over 22 years In men and women aged 40-59 years, by baseline heart rate,
Chicago Heart Association Detection Project In Industry

Cause
of Model 1t

RRt 95% CIJ

Men

Model 2§

RR 95% Cl

Model 3D

RR 95% Cl

ModeMt

RR 95% Cl

Women

Model 2§

RR 95% Cl

Model 3D

RR 95% Cl

Coronary heart disease 1.33 1.24-1.41 1.13 1.05-1.21 1.06 0.99-1.14 1.35 1.20-1.51 1.21 1.07-1.36 1.13 1.01-1.28

Cardiovascular disease 1.28 1.21-1.36 1.10 1.04-1.17 1.03 0.97-1.09 1.34 1.22-1.47 1.22 1.10-1.35 1.13 1.02-125

Cancer 1.30 1.22-1.39 1.20 1.11-1.28 1.17 1.09-1.26 1.19 1.09-1.30 1.15 1.05-126 1.13 1.03-124

All causes 1.31 126-1.36 1.16 1.11-121 1.11 1.06-1.15 1.28 121-1.36 1.20 1.13-127 1.15 1.08-122

* Relative risk associated with a 12 beats/minute higher heart rate,
f Age-adjusted model,
i RR, relative risk; Cl, confidence Interval.
§ Muttivariate proportional hazards (Cox) model adjusted for baseline age and education (years), serum cholesterol (mg/dl), smoking (cigarettes/day), body

mass index, body mass Index1, major and minor electrocardiographic abnormalities (no/yes), race (black/nonblack), and diabetes (no/yes).
1 Adjusted for variables listed In model 2 plus systolic blood pressure (mmHg).
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TABLE 7. Adjusted relative risk* of
Chicago Heart Association Detection

Cause
of Model 1f

mortality over 22 years
Project In Industry

Men

Model 2§

RFtf 95% a * RR 95% Cl

in men

Mod

RR

and women aged 60-74 years, by baseline

Women

al 3^ Model 1t Model 2§

95% Cl RR 95% Cl RR 95% Cl

heart rate,

Model 3D

RR 95% Cl

Coronary heart disease 1.05 0.94-1.17 1.00 0.89-1.12 0.95 0.85-1.07 1.22 1.04-1.44 1.16 0.99-1.37 1.01 0.85-1.19

Cardiovascular disease 1.05 0.95-1.15 1.00 0.9O-1.O9 0.94 0.85-1.04 1.15 1.01-1.31 1.10 0.96-1.25 0.99 0.86-1.13

Cancer 1.11 0.97-1.26 1.06 0.93-1.20 1.04 0.91-1.19 1.01 0.85-1.19 0.86 0.81-1.14 0.94 0.78-1.11

All causes 1.12 1.05-1.20 1.07 1.00-1.15 1.03 0.96-1.11 1.10 1.00-1.21 1.05 0.95-1.15 0.97 0.88-1.07

* Relative risk associated with a 12 beats/minute higher heart rate,
t Age-adjusted model.
t RR, relative risk; Cl, confidence interval.
§ Muttfvariate proportional hazards (Cox) model adjusted for baseline age and education (years), serum cholesterol (rrtg/dl), smoking (cigarettes/day), body

mass Index, body mass Index', major and minor electrocarcfiographlc abnormalities (no/yes), race (black/nonblack), and otabetes (no/yes).
U Adjusted for variables listed in model 2 plus systofic Wood pressure (mmUg).

aged women than in men (table 6). However, the small
differences in Cox coefficients between men and
women were not statistically significant {t = 0.86-
1.63; p = 0.39-0.10).

In general, associations were weaker with the inclu-
sion of systolic blood pressure in the Cox model (i.e.,
model 3 as compared with model 2). Increased mortal-
ity risk for all endpoints with higher heart rate
remained significant among women aged 40-59 years
(table 6, model 3); results were significant for cancer
and all-cause mortality in middle-aged men. Further
adjustment for baseline plasma glucose and uric acid
levels did not change the relative risks (data not
shown).

Cox regression analyses were conducted separately
for all men and all women aged 18-74 years for the
first 11 years of follow-up and the subsequent 11 years
of follow-up. In the two follow-up periods, respectively,
there were 426 and 730 deaths from coronary disease,
541 and 996 deaths from all cardiovascular diseases,
335 and 751 deaths from cancer, and 1,149 and 2,235
deaths from all causes in men; there were 103 and 307
deaths from coronary disease, 145 and 481 deaths
from all cardiovascular diseases, 240 and 484 deaths
from cancer, and 487 and 1,206 deaths from all causes
in women. Findings were consistent across the two
time periods, with no evidence of weakening of the
associations over time.

DISCUSSION

In this 22-year mortality follow-up study of six age-/
sex-specific cohorts of Chicago-area employed adults,
a 12 beats/minute higher heart rate was significantly
associated with increased risk of coronary heart dis-
ease and cardiovascular disease mortality in younger
(aged 18-39 years) and middle-aged (aged 40-59

years) men and in middle-aged women. Higher resting
heart rate was also an independent risk factor for can-
cer mortality in middle-aged men and women and for
all-cause mortality in younger and middle-aged men
and in middle-aged women. Heart rate was not found
to be a significant independent risk factor for any of
the causes of mortality analyzed here in older (aged
60-74 years) men or women. In addition, higher heart
rate was not found to be a risk factor in the younger
female cohort. Finally, risk relations were present in
both the earlier (first 11 years) and the later (second 11
years) portions of the 22-year follow-up period. The
findings extend observations on associations of resting
heart rate to cardiovascular and noncardiovascular
mortality that were previously reported from this
cohort (1, 4, 8) and from other prospective studies (2,
3, 5-7).

A previous report based on three male Chicago
cohorts, including the largest of those cohorts reassessed
here with longer follow-up (8), demonstrated that rest-
ing heart rate was associated with increased risk of all
cardiovascular and coronary disease mortality. In the
prior report (8), which was based on only 5 years of
follow-up in 5,784 Chicago Heart Association men aged
45-64 years at baseline, positive associations between
heart rate and mortality were attenuated or became non-
significant after adjustment for covariates including age,
systolic blood pressure, cigarette smoking, cholesterol,
and body weight. A similar effect, whereby the risk
association was attenuated after adjustment for major
covariates, was observed in a Kaiser Permanente study
(16) and in an Israeli cohort (17). While the association
between increased heart rate and cardiovascular disease
endpoints weakened after multivariate adjustment in a
Framingham Study report (3), the positive association
of heart rate with death from coronary heart disease or
all-cause mortality remained significant. A 1993 paper
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based on 7,735 men from the British Regional Heart
Study (18) who were followed for 8 years reported
results similar to those for Framingham men.

Few previous studies have examined the relation
between heart rate and mortality in women. In two
reports from the Framingham Study (3, 19), heart rate
was associated with total coronary disease death and
sudden coronary disease death after adjustment for
multiple coronary disease risk factors in men, but these
relations were not confirmed in women. In the
NHANES I Epidemiologic Follow-up Study (6)
cohort, higher heart rate was associated with increased
risk of cardiovascular and noncardiovascular mortality
in both black men and white men. In that study, for
black women, a resting heart rate of >84 beats per
minute was associated with a threefold increase in risk
of cardiovascular disease death. However, no signifi-
cant increased risk with higher heart rate was observed
in white women in the NHANES I Epidemiologic
Follow-up Study. Thus, in the few previous studies
that have included women, risks associated with higher
heart rate in women have been uncertain because of
variable results within and between studies. The vari-
able results may be attributable to fundamental differ-
ences in the cohorts under study or to other undeter-
mined factors, but a likely factor underlying the lack of
association in several studies was smaller numbers of
events due to shorter follow-up and/or smaller cohorts.
This report from the Chicago Heart Association cohort
included relatively large numbers of men and women.
Thus, to our knowledge, this is the first long term
cohort study to show similar multivariate-adjusted
independent relations of increased heart rate to coro-
nary, all cardiovascular disease, cancer, and all-cause
mortality in middle-aged women and men.

As was shown here and elsewhere (20-23), heart
rate is correlated with other cardiovascular disease risk
factors, including systolic blood pressure, cigarette
smoking, physical inactivity (18), levels of cholesterol
(in other studies) and of important lipid fractions such
as high density lipoprotein cholesterol (23), diabetes,
insulin, uric acid, and general health status (2). In this
study and in some others (2, 5), associations of higher
heart rate with mortality risks, both cardiovascular and
noncardiovascular, remained significant after adjust-
ment for multiple covariates. Indeed, adjustment for
some covariates, particularly blood pressure, may rep-
resent overadjustment, since heart rate is a known risk
factor for high blood pressure (14, 15, 21) and a com-
mon underlying mechanism may account for elevation
of both measures (24). Therefore, for the primary
analyses here, we adjusted for age and other major
covariates, but because of concern about possible
overadjustment for blood pressure, our main conclu-

sions are based on the model without adjustment for
systolic blood pressure (model 2).

Several mechanisms for the coronary and cardiovas-
cular disease findings are plausible. Animal studies
have demonstrated that higher heart rate may be a
causal factor in promoting atherosclerosis independent
of blood pressure or blood lipids, presumably via a
hemodynamic mechanism (25-27). Nabel et al. (28)
showed that elevated heart rate induced by pacing can
cause coronary artery vasoconstriction in humans with
atherosclerotic coronary disease, suggesting a means
by which elevated heart rate can cause myocardial
ischemia independent of its effect on myocardial oxy-
gen demand. Thus, higher heart rate could increase
cardiovascular mortality risk by accelerating athero-
sclerosis or, in coronary disease patients, both by
increasing oxygen demand and by directly reducing
myocardial blood flow (28).

A limitation of some other reports on the role of
heart rate in mortality risk has been short follow-up (8,
16, 17). If higher resting heart rate represents a surro-
gate for poor cardiovascular health or poor general
health, then associations seen in short term follow-up
might disappear in later follow-up. On the other hand,
if higher heart rate is causal, cardiovascular damage
may accrue over many years, requiring long term
follow-up to uncover adverse effects. Owing to the
lengthy follow-up available in this large Chicago
cohort, we were able to examine the impact of heart
rate on mortality in two successive 11-year intervals.
Positive associations seen in the overall 22-year
follow-up period were found to occur in the first 11
years after the baseline examination, and they persist-
ed in the second 11-year period (years 12-22). Thus,
these data, in contrast to those from shorter-term stud-
ies, provide increased confidence that the associations
between elevated heart rate and mortality are not mere-
ly related to underlying poor health undetected by
other means.

Because of the inability in this study (and in all obser-
vational research) to adjust for some plausible con-
founding variables, it is possible that higher resting
heart rate is a surrogate for one or more unmeasured
variables that may be causally linked to cardiovascular
or noncardiovascular death. For example, Williams et
al. (23) demonstrated associations between heart rate
and certain lipoprotein subtractions that were not mea-
sured here. These included triglycerides, high density
lipoprotein cholesterol, high density lipoprotein 3 mass,
very low density lipoprotein mass, and low density
lipoprotein mass (23). Wannamethee and Shaper (2)
also found correlations of resting heart rate with poten-
tial confounders that we did not measure, including
forced expiratory volume (inverse relation), physical
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activity (inverse relation), and nonfasting triglyceride
level. In the Williams et al. report (23), approximately
30 percent of the variance in resting heart rate was
attributed to the lipid subtractions listed above. Thus, it
is conceivable that higher heart rate could be partly due
to covariates, such as those listed, which we did not
measure and could not adjust for in our analyses.

Higher heart rate was also associated with total can-
cer mortality, although the association was significant
only in middle-aged men and women. An association
between higher resting heart rate and total cancer mor-
tality has been shown previously in all-male cohorts,
including the Chicago Heart Association cohort report-
ed on here in longer follow-up (1), two other Chicago
cohorts (1), and a British cohort (5, 29). Higher resting
heart rate has been associated with prostate cancer mor-
tality in men in a previous Chicago cohort report (4),
but the association of higher heart rate with prostate
cancer incidence and mortality was not confirmed in a
recent report from a large cohort of men examined in
multiphasic checkups in the Kaiser Permanente system
in California (30). Higher heart rate has also been asso-
ciated with colon cancer mortality in a male Hawaiian
cohort (31). Recently, Dekker et al. (32) found an asso-
ciation, also only in men, between total cancer mortal-
ity and reduced heart rate variability, a factor that is
correlated with both higher resting heart rate and abnor-
mal autonomic function. There do not appear to have
been any prior reports Unking higher resting heart rate
with cancer mortality in women, as described here.
Because of limited data on women outside of this
report, inconsistency of the association of heart rate
with cancer in different age groups in this study, and the
conflicting results in men concerning prostate cancer,
further study of the relation between heart rate and can-
cer is warranted.

Several mechanisms might link mortality from vari-
ous cancers to higher resting heart rate. For example,
some cancers are believed to be directly under the influ-
ence of local neurotrophic factors associated with sym-
pathetic nervous system activity. Prostate cancer is an
example, and the prior report by Gann et al. (4) dis-
cusses this possibility at length. Frequent or regular
exercise, which can reduce resting heart rate, has been
linked to improved monocyte function (33), which
could protect against the development or spread of var-
ious cancers by improving cancer phagocytosis and
killing. In some but not all studies (34), regular exercise
has been linked to a reduced risk of breast cancer (35),
possibly via suppression of endogenous estrogen secre-
tion. Since exercise training can also lower resting heart
rate, the association of regular exercise with reduced
breast cancer risk could also be related to lower heart
rate. Conversely, if higher heart rate is a marker of

underlying "stress," then a putative association between
stress and cancer mortality (36) could manifest itself
through an elevated heart rate. Associations between
cancer and heart rate may be worthy of further explo-
ration, including the relation of resting heart rate to spe-
cific cancers (those already mentioned and others).

While the results presented here were positive, signif-
icant, and concordant for middle-aged men and women,
findings in older men and women did not retain signifi-
cance after multivariate adjustment It is unclear from
these data whether heart rate associations attenuate with
age because of changes in biology or simply because of
smaller numbers of older people in the cohorts, resulting
in loss of statistical power. Moreover, the meaning of
resting heart rate in older people is complex, since ele-
vated resting heart rate can be a marker for underlying
diseases of various types (37). On the other hand, slow
heart rate can also be a marker for cardiovascular dis-
ease, especially sinus node dysfunction in older people,
and a cardiac risk factor in the elderly (38).

Results of this study, along with those of some others
published previously, lend strong support to the concept
that higher heart rate within the "normal" range in
humans is a risk factor for coronary, cardiovascular,
cancer, and all-cause mortality in both middle-aged
women and men and younger men. Associations
remained significant after adjustment for multiple
covariates and were present in both shorter- and longer-
term follow-up. The data are consistent with studies in
both animals and humans suggesting that a causal role
for increased heart rate in cardiovascular disease is bio-
logically plausible (25-27).

In terms of therapeutic or preventive implications,
these observations might help explain a protective
effect of regular exercise (39, 40) and of heart rate-
slowing medications in the primary and/or secondary
prevention of cardiovascular disease (41-45). Aerobic
exercise training can be advocated for a multitude of
reasons as a preventive approach to cardiovascular dis-
ease, cancer, and all-cause mortality (39, 40). On the
other hand, a possible preventive role for drugs that
reduce heart rate in apparently healthy people requires
further study before this practice can be advocated.
These data from humans, combined with observations
in mammalian species suggesting that resting heart rate
correlates with life expectancy (46), raise the provoca-
tive idea that various means of slowing heart rate might
be useful in prolonging life.
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