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Heart Rate as a Predictor of Mortality: The MATISS Project

| Fulvia Seccareccia, MSc, Fabio Pannozzo, MD, Francesco Dima, Anna Minoprio, MSc, Antonio Menditto, MD, Cinzia Lo Noce, and Simona

Giampaoli, MD

A direct association of elevated heart rate
with hypertension, hypercholesterolemia, and
hyperglycemia and an inverse relationship
with physical activity and pulmonary function
have been found in several epidemiologic
studies.' ™ Tachycardia precedes hyperten-
sion, increases risk of arrhythmia, and facili-
tates the development of atherosclerotic
plaque %2

All-cause mortality seems to be higher in
individuals with elevated heart rates. In the
Framingham Study, death rates increased
with increasing levels of heart rate; the asso-
ciation was stronger in men and not related
to age, and there was no indication of a
threshold value that could be defined as
hazardous.”" Among individuals with hy-
pertension, a positive association between
heart rate and cardiovascular diseases, par-
ticularly coronary heart disease and sudden
death, has also been shown even after ex-
clusion of early deaths, confirming that
heart rate is an independent predictor of
fatal events and not only an indicator of
preexisting illness.”® The National Health
and Nutrition Examination Survey, the Paris
Prospective Study, the Spandau Health Test,
and the 3 Chicago epidemiologic studies
have also revealed a positive association be-
tween heart rate and cardiovascular and
noncardiovascular mortality.>”'*"2° These
findings represent evidence that heart rate
can be considered a determinant of health
status and a predictor of poor outcomes in
the general population.

Despite the amount of international evi-
dence, mainly from Northern European and
US studies, that heart rate is a health determi-
nant, the prognostic role of heart rate in mor-
tality has not been assessed in Mediterranean
populations. Among these groups, other risk
factors, such as dietary intake, serum choles-
terol, and body mass index, have been shown
to have unique relations to total mortality and
fatal coronary events.”'2* In the present
study, we evaluated the association of heart
rate with all-cause, cardiovascular, and non-
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cardiovascular mortality among a sample of
middle-aged men residing in central Italy.

METHODS

Between 1984 and 1993, the Malattie Car-
diovascolari Aterosclerotiche, Istituto Superi-
ore di Sanita (MATISS) Project screened
2533 men aged 40 to 69 years who resided
in 4 municipalities of central Italy approxi-
mately 100 km southeast of Rome (Figure 1).
Participants represented 58% of a random
sample, stratified by age and sex, selected
from the electoral rolls. Data on cardiovascu-
lar risk factors were collected according to
procedures and methodologies described in
detail elsewhere.**

Resting electrocardiograms (ECGs) were
read according to the Minnesota code (a stan-
dard ECG coding procedure that provides a
framework for uniform reporting in homoge-
neously and precisely defined classes). Heart
rate was calculated as mean number of beats
per minute.

Total serum cholesterol (mg/dL) was cen-
trally tested by the Laboratory of Clinical Bio-
chemistry, Istituto Superiore di Sanita, via an
automated enzymatic colorimetric method
(Boehringer Mannheim GmBH Diagnostica,
Monza, Italy). Preciset cholesterol solutions
(Boehringer Mannheim GmBH Diagnostica,
Monza, Italy) were used as calibrators, and a
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cording to standardized procedures. Vital status was updated to December 1997.

Results. 0f 2533 men followed up (representing 24 457 person-years), 393 men died. Age-adjusted
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mortality in this Italian middle-aged male population. (Am J Public Health. 2001;91:1258-1263)

calibration curve was elaborated for each run.
As a means of providing internal quality con-
trol, commercial controls were analyzed in
each run.

During the screening period, the laboratory
performing serum lipid level analyses was as-
sessed in regard to quality control by the
World Health Organization Lipid Reference
Center in Prague. For each control sample,
bias was estimated as the difference between
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FIGURE 1—Map of Italy delineating the
area covered by the MATISS Project.
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the observed and reference values and ex-
pressed as a percentage of the reference
value. The average bias, calculated on the
basis of 18 different sets of samples received
between February 1984 and December
1995, was —1.1% (range: —5.9% to 2.6%).
Local hospitals assessed fasting blood glucose
(mg/dL), using an automated enzymatic
method.

Blood pressure (mm Hg) was measured
with subjects in a sitting position after a 4-
minute rest. Measurements were taken in the
right arm with a standard mercury sphygmo-
manometer. Two consecutive readings were
recorded, and their mean was used for the
analysis.

A wall tape and a lever balance were used
to measure height and weight with subjects in
light underwear. Body mass index (BMI) was
calculated as weight in kilograms divided by
height in meters squared. Arm circumference
was measured on the right arm at mid-dis-
tance from the acromion to the olecranon.
The contribution of skin and subcutaneous
tissue, estimated via triceps skinfold thickness,
was removed through the use of a simple for-
mula: rough circumference — (skinfold x 7). As
suggested in previous analyses,'®*° this vari-
able was used as the best available indicator
of muscle mass and, indirectly, one of the
possible indicators of physical fitness.

Two spirometric curves were recorded, and
the vital capacity and 1-second forced expira-
tory volume (mL/m?) of the technically best
curve were tabulated. Each value was then di-
vided by the corresponding squared height to
adjust pulmonary function for individual
body size.

Smoking habits and number of cigarettes
smoked per day were recorded. Diagnosis of
diabetes at baseline was based on the pres-
ence of a fasting blood glucose level of
120 mg/dL or higher or a specific treatment.

Diagnosis of cardiovascular diseases in-
cluded cases of myocardial infarction and ce-
rebrovascular diseases; diagnostic criteria for
myocardial infarction included personal his-
tory and ECG Minnesota codes, in accord
with Seven Countries Study procedures.*® Di-
agnostic criteria for cerebrovascular disease
included only personal history collected via a
standard questionnaire. Sixty-three subjects
with a history of cardiovascular disease were
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not excluded from subsequent analyses, but
presence of such a history has been evaluated
as a possible risk factor for subsequent fatal
events.

The examined population was followed up
for 4 to 13 years (until December 1997) in
regard to vital status, migration, and mortality
(total number of person-years: 24 457).
Twenty subjects who emigrated contributed
to the study until they relocated. There were
no other losses to follow-up.

The International Classification of Diseases,
Ninth Revision (ICD-9) was used in coding
causes of death. Death certificates were not
validated but were coded according to Na-
tional Institute of Statistics procedures that
provide standard coding priorities (violence,
cancer, myocardial infarction, stroke, others).
In cases involving uncertainty, subjects’ per-
sonal physicians were asked to provide fur-
ther information.

Age-adjusted mean values of continuous
variables and proportions of categorical vari-
ables were computed in 5 heart rate classes
(<60, 60-69, 70-79, 80—89, and >90
beats per minute). Differences across classes
were evaluated through one-way analyses of
variance, Pearson ” tests, and simple and
multiple linear regression analyses with heart
rate as the dependent variable.

Age-standardized all-cause (/CD-9 codes
001-999), cardiovascular (ICD-9 codes
390-459), and noncardiovascular (all causes
of death other than cardiovascular) mortality
rates were computed for the 5 heart rate
classes. Increasing or decreasing linear trends
across levels were assessed with Cochran sta-
tistical tests.”’

The Cox proportional hazards model com-
prises 3 different multivariate analyses and
uses procedures available in the BMDP2L
statistical program.® All-cause mortality, car-
diovascular mortality, and noncardiovascular
mortality were dependent variables, while
heart rate, age, systolic blood pressure, serum
cholesterol level, number of cigarettes
smoked per day, BMI, arm circumference, ad-
justed forced expiratory volume in 1 second,
diabetes, and preexisting cardiovascular dis-
ease were independent variables. Multivariate
coefficients for heart rate as a continuous
variable were used to describe mortality risk
curves (all causes, cardiovascular, and noncar-

diovascular) as a function of increasing heart
rate values.

We ran the same models, treating heart
rate as a categorical variable and including 4
dummy variables for the 5 heart rate classes.
The proportionality assumption requires that
the ratio of hazard rates for different levels of
an independent variable be constant. In this
case, the proportionality assumption for heart
rate was tested and confirmed for the 5
classes. The 2* test*® produced a nonsignifi-
cant value of 1.42. Possible interactions be-
tween heart rate and other factors were
tested in all models. Univariate analyses were
carried out for the entire sample (n=2533).
Multivariate analyses included 2233 subjects
(88%) for whom risk factor measurements
were available and complete.

RESULTS

In total, 2533 men were screened and fol-
lowed up (representing 24 457 person-
years); 393 deaths were recorded (38% due
to cardiovascular diseases, 39% due to can-
cer, 5% due to violence, 14% due to other
causes of death, and 4% due to unknown
causes). Table 1 reports numbers of deaths
and person-years by heart rate categories
and outcomes.

Systolic blood pressure, number of ciga-
rettes per day, BMI, and prevalence of dia-
betes showed increases with increasing heart
rate, and forced expiratory volume decreased
with increasing heart rate (Table 2). Table 3
shows that all-cause and cardiovascular (but
not noncardiovascular) death rates regularly
increased from the lowest to the highest heart
rate levels. Relative risks between extreme
classes were always more than 2-fold, and
trends were statistically significant for all-
cause, cardiovascular, and noncardiovascular
mortality.

Table 4 shows that men with heart rates of
90 beats per minute or higher, relative to
men with heart rates below 60 beats per
minute, were at increased risk of all-cause
mortality (hazard rate ratio=2.67, 95% con-
fidence interval [CI]=1.76, 4.04), cardiovas-
cular mortality (hazard rate ratio=2.54, 95%
CI=1.25, 5.16), and noncardiovascular mor-
tality (hazard rate ratio=2.87, 95% CI=1.71,
4.79).
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TABLE 1—Person-Years and Number of Deaths, by Heart Rate Class and Outcome: MATISS

Cause of Death

Multivariate heart rate coefficients were
0.0209 (t,,,, =5.13) for all-cause mortality,
0.243 (t,,, =3.75) for cardiovascular disease
mortality, and 0.0192 (t,,, =3.65) for non-
cardiovascular mortality (Figure 2). Corre-
sponding multivariate hazard rate ratios com-
puted for each heart rate increment of 20
beats per minute were 1.52 (95% CI=1.29,

Heart Rate, All Causes, Cardiovascular, Noncardiovascular,
Beats per Minute Person-Years No. No. No.
<60 7271 86 31 55
60-69 9337 119 a7 72
70-79 5041 105 38 67
80-89 1825 42 19 23
>90 983 36 13 23
Total 24457 388 148 240

1.78), 1.63 (95% CI=1.26, 2.10), and 1.47
(95% CI=1.19, 1.80).

DISCUSSION

% we observed a

direct association of heart rate with systolic

Like other researchers,*”

blood pressure, number of cigarettes smoked

TABLE 2—Characteristics of Study Population, by Heart Rate Class: MATISS Project, 1984-1997

per day, serum cholesterol level, and dia-
betes; an inverse relationship with pulmonary
function; and no association with age. Al-
though an association between heart rate and
cardiovascular disease has not always been
found,®**3932 there is general agreement
that heart rate is a strong determinant of
overall mortality.®”°-2033

In the present study, multivariate analyses
of all-cause, cardiovascular, and noncardio-
vascular mortality showed an increasing
trend when moving from the lowest to the
highest heart rate levels; relative risks be-
tween extreme classes were 2.7 for all-cause
mortality, 2.5 for cardiovascular mortality,
and 2.9 for noncardiovascular mortality.
Trends were adjusted for age, systolic blood
pressure, number of cigarettes smoked per
day, BMI, arm circumference, adjusted forced
expiratory volume, diabetes, and preexisting
cardiovascular disease. For the 3 endpoints,
the risk functions obtained by applying the

Heart Rate, Beats per Minute

<60 60-69 70-79 80-89 >90
(n=642) (n=836) (n=477) (n=181) (n=97) F P
Systolic blood pressure, mm Hg, mean + SD 140.3 + 20.0 1415 + 19.6 1435+ 20.1 148.4 + 23.9 150.5 + 25.8 10.07 .000
No. of cigarettes smoked per day, mean + SD 6.6 +10.1 76 +10.4 8.0+10.9 8.6+12.1 7.9 +10.6 1.97 .096
Body mass index, kg/mz, mean = SD 273+36 2713 +3.7 276 +3.6 272 +38 28.0 +4.1 1.40 232
Serum cholesterol level, mg/dL, mean + SD 219.9 + 40.3 2225+ 424 224.3 + 43.8 233.1 +485 229.3 +44.9 4.01 .003
Forced expiratory volume, mL/mz, mean + SD 953 + 190 943 + 189 913 + 185 855 + 220 876 + 187 13.14 .000
Arm circumference, cm, mean + SD 2713+29 273+28 272 +£3.0 212 £ 2.7 2712 +28 0.15 .962
Prevalence of diabetes, % 4.3 3.4 7.1 7.8 9.3 15.94° .003

*Pearson x°.

Project, 1984-1997

TABLE 3—Age-Standardized Yearly Death Rates (X 100000), by Heart Rate Class: MATISS

Relative risk between extreme classes
(95% confidence interval)
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Heart Rate, All Causes Cardiovascular Noncardiovascular

Beats per Minute No. Exposed Rate SE Rate SE Rate SE
<60 733 1259 124 455 80 804 103
60-69 938 1405 111 587 77 818 90
70-79 546 2042 167 755 116 1287 145
80-89 200 2086 288 947 214 1139 231
>90 116 3001 400 1044 281 1957 352

Test for trend, P .0000 .0004 .0000

2.38(1.71,3.36)

2.29 (1.22,4.32)

2.43(1.59,3.82)
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multivariate coefficients to arbitrary heart
rate levels confirmed that death risks increase
continuously when moving from the lowest to
the highest heart rate levels, as suggested in
previous studies.®** There was no indication
of a threshold value that could be defined as
hazardous.

Moreover, all-cause mortality exhibited al-
most the same sharp increase, confirming the
role of heart rate as a general indicator of
health status.”>** To this extent, it can be
stated that in the present study, the lack of
death certificate validation did not diminish
the significance of the results, because our ob-
jective was more to evaluate the role of heart
rate as a predictor of health status than to es-
tablish its etiologic role in the prediction of
each different cause of death.

Physical activity is one of the most impor-
tant mechanisms thought to explain the asso-
ciation between heart rate and health sta-
tus.”®*® This information was not available in
the MATISS Project. Arm circumference, to-
gether with measurements of pulmonary
function, can be used as an indicator of physi-
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TABLE 4—Hazard Rate Ratios, by Cause of Death and Heart Rate Class: MATISS Project,
1984-1997
Cause and Heart Rate, No. of Multivariate 95% Confidence
Beats per Minute Deaths Hazard Rate Ratio” Interval
Al causes (n=350)*
<60 78 Reference
60-69 113 1.16 0.87,1.55
70-79 90 1.61 1.18,2.20
80-89 37 1.38 0.93,2.06
>90 32 2.67 1.76,4.04
Cardiovascular (n=133)*
<60 27 Reference
60-69 44 1.38 0.85,2.24
70-79 34 1.87 1.11,3.16
80-89 17 1.78 0.95,3.34
>90 11 2.54 1.25,5.16
Noncardiovascular (n=217)°
<60 51 Reference
60-69 69 1.06 0.74,1.53
70-79 56 1.50 1.02,2.20
80-89 20 1.17 0.69,1.98
>90 21 2.87 1.71,4.79
N=2232.
*Adjusted for age, systolic blood pressure, serum cholesterol, cigarettes smoked per day, body mass index, arm
circumference, adjusted forced expiratory volume, diabetes, and preexisting cardiovascular disease.

cal fitness in the absence of physical activity
data. Adjustment for these variables did not
reduce the association.

Heart rate exhibits great intraindividual
variability; is influenced by infections, recent
physical activity, and anxiety and stress®>>;
and is related to intrinsic pulse, a personal
characteristic that reflects an individual’s abil-
ity to support exertion, and, together with
other factors, contributes to assessments of
physical fitness.*® Moreover, intraindividual
fluctuations can partly be a result of daily
variations and measurement errors related to
the environmental conditions under which
ECGs are recorded (e.g., resting time before
measurement, room temperature, and time of
day).! For all of these reasons, many authors
suggest that caution be exercised in treating
heart rate as an independent predictor of
mortality.' Heart rate has been related to all-
cause mortality and specific causes in many
studies, however, and in spite of different
methodological approaches.

Resting heart rate is a marker of hemody-
namic and autonomic nervous system states

that can cause elevations in cardiovascular
mortality by inducing atherosclerosis and pro-
ducing rhythm disturbances.* A chronic pre-
dominance of sympathetic over parasympa-
thetic activity, via either beta-adrenergic
stimulation or alpha-adrenergic vasoconstric-
tion, can cause insulin resistance, which, in
turn, is involved in the genesis of hypertension,
hypercholesterolemia, and hyperglycemia.*3°

Tachycardia per se increases cardiac work
and represents a marker of increased sheer
force in large vessels that, independently of
blood pressure, can be conducive to high ar-
terial rigidity and thus atherosclerosis.***! Al-
though heart rate is an important predictor of
hypertension in normotensive and borderline
subjects and is a risk factor for death, the role
of tachycardia is generally underestimated in
clinical practice. Among hypertensive individ-
uals, the possible presence of tachycardia is
often ignored or considered as an indicator of
benign conditions or transient anxiety. The
beneficial effects of beta-blockers on survival
revealed in some studies could be partly asso-
ciated with their ability to lower heart rate.**

Heart rate can be considered an important
indicator of mortality among the Italian male
population. It represents one of the most im-
portant independent predictors of cardiovas-
cular, noncardiovascular, and overall mortal-
ity in that, other risk factors being equal,
death risks increase about 50% for each 20-
beat-per-minute increment, and relative risks
between extreme heart rate levels are more
than 2-fold. Moreover, heart rate is relatively
easy to record and can be modified, thus
making it useful in terms of primary and sec-
ondary prevention.

Further studies, particularly natural experi-
ments describing the predictive role of heart
rate changes over time (either spontaneous or
induced by intervention), are necessary. At
present, knowledge regarding the link be-
tween heart rate and mortality suggests that
control of heart rate (i.e., by promotion of
physical activity and healthy lifestyles) can
improve life expectancy in a general middle-
aged male population. In addition, until more
intervention data are available, the relation of
heart rate to other recognized risk factors un-
derlines the validity of using high heart rates
as risk markers for more vigorous interven-
tions involving standard risk factors. B
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mortality risks as a function of heart rate levels among men aged 40-69 years: MATISS
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