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THE RELATION OF THE BALLISTOCARDIOGRAM TO AGING
D OB R & R E DB F

INTRODUCTION

Ballistocardiograms are recordings of bodily movements
produced by movements of the heart and the blood.
Patterns of varying specificity are found in the study of
normal and malfunctioning cardiovascular systems. To
minimize artifact and to permit more precise physical
quantitations, Starr' developed elaborate recording equip-
ment. To meet the need for a simplified apparatus which
could be used more widely, Dock and Taubman® designed
a direct recording technique. Dock believes that ballisto-
cardiography is more valuable as an empirical clinical
index than as an exact physiologic measurement. Appli-
cation of the direct recording technique for diagnosis
has been disappointing because diverse structural and
functional cardiovascular disorders produce similar ballisto-
cardiographic abnormalities.®® Moreover, some persons
with no evidence of cardiovascular disease have abnormal
ballistocardiograms and some persons with established
cardiovascular disease have normal tracings.”*® Hence,
the significance of ballistocardiographic abnormalities
1$ uncertain.

Previous studies with the Dock hallistocardiograph have
focused on patients with established heart disease. The
control groups have been patients with varied noncardiac
diseases and healthy young people. Efforts were primarily
aimed at evaluating the clinical diagnostic usefulness of
the technique. The present study on 1025 Japanese
subjects, 30 years of age or older, unselected with respect
to the presence or absence of cardiovascular disease,
was undertaken to evaluate the Dock ballistocardiograph
in an epidemiological survey (as opposed to a specific
clinical assessment) of a basically healthy population.
Since the late effects of atomic bomb irradiation are
under study by ABCC and since cardiovascular changes
produced by irradiation have been reported elsewhere,’
this aspect has also been investigated.

Only the direct body ballistocardiograph{Dock)is evaluated
and the observations are not intended to apply to any
other method of recording.
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SUBJECTS

All 1025 subjects (443 male, 582 female) are part of the
ABCC-JNIH Adult Health Study at ABCC in Hiroshima.
The methods of study and the composition of the Adult
Health Study sample have been described.®  Survivors
located 0-1999m from the hypocenter at the time of the
bomb (ATB) reporting acute symptoms of irradiation(Group 1)
were matched by age and sex with: survivors at 0-1999m
who reported no symptoms of irradiation (Group 2);
survivors at 3000-3499m (Group 3); and persons not in
Hiroshima ATB (Group 4). It is emphasized that the
subjects in this study were predominantly ambulatory and
willingly cooperated in the program. They were not
often debilitated, nor were they often seeking medical
care. In addition, those who were ill or debilitated were
visited in their homes or local hospitals and did not
visit this clinic. Thus, the study subjects are not
comparable to a hospital, clinic, or office-practice population.

Members of the Adult Health Study sample visit the
From 1 July 1962 to 1 February
1963, at the time of their routine examinations, individuals

clinic biennially.

were randomly selected for a ballistocardiogram in
addition to the routine history, physical examination,
chest roentgenogram, electrocardiogram and hemogram.
The age distribution for the 1025 subjects is presented
in Table 1.
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TABLE 1 AGE DISTRIBUTION OF STUDY SAMPLE

F 1 WEHREOFERS A

Age Male Female Total
F i B i it

30-39 135 197 332
40-49 78 120 198
50-59 98 129 227
6069 105 104 209
70+ 27 32 59
Total # 443 582 1025

METHODS H &

After having a 12-lead electrocardiogram taken, the
subject remained supine on a rigid, unpadded table and
the ballistocardiogram was obtained by the shin-bar®
method.” The electromagnetic output was fed into 1
channel of a 2-channel Sanyei direct heatwriting recorder.
The resulting record represents body movements on a
longitudinal axis. For timing purposes a lead II electro-
cardiogram was simultaneously recorded on the 2nd
channel. A tracing containing at least 25 cardiac eycles

12 LEMESET I - 2D b, 25y FAD0LTHE
WEE LA — 70 ETBE MBI &, TR
Tk T LHBHNEELT L. EHANDE2F ¥
VALO S REAEBERIREED L F o v AV ITHER
L. Bohtitsil, ShofaElfzniioT
b4, EMEERTAABIL, LEHOE2EEEE 2

Foy v AN CRBIZIEE LA, i —E L e

* Dock type of electromagnetic shin-bar manufactured by Sanyei Electric Company, Tokyo, Japan. ¥ -
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FIGURE 1 NORMAL BALLISTOCARDIOGRAM
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on a relatively constant baseline was the minimum required
for analysis. Figure 1 pictures a sample recording with
systolic waves labeled.

Five grades based on the criteria outlined by Fidler et al®
were used. Classification depended on qualitative aspects
of wave forms and relative amplitudes within each tracing.

Class 0 Normal pattern and amplitude with the
J waves as the highest and most peaked wave
of each complex (Figure 2A).

I Definitely identifiable waves with a regular
pattern, but with the shortest 1-J amplitude less
than % of the tallest (Figure 2B).

II Small I, J, and K components \which are
identifiable (Figure 2C).

IIT J deflections which are sometimes unidenti-
fiable with I and/or K waves often absent. If
I and K waves are present, they vary in shape

and/or depth (Figure 2D).

IV Resemble those of Class III, but the pattern
is irregular and hizarre (Figure 2E).

2R ELB0LEMIh LRGN, BRIV ESL
BAOREORMFTH- 2. 1L, LHEIEIZET LM
WEHkE RR L AKBOREERT.

LHEEIE & Fidler 53 A% LA ¥l HHEIZ T 52
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FIGURE 2 CLASSIFICATION OF BALLISTOCARDIOGRAMS
M2 LEh e s
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The classifications are broad and overlapping occurs,
especially between [ and II and between III and IV.
Therefore, the following groupings were used in the
analysis of results: class 0 referred to as normal;
classes I and II referred to as borderline; classes III and
IV referred to as abnormal.

One investigator (RHI) having no information about the
subject other than a file number graded each tracing.

All data including ballistocardiogram class, radiation
exposure group, age, height, weight, systolic and diastolic
blood pressures, electrocardiographic result, chest roentgen-
ographic interpretation and measurements, and all diag-
noses (coded according to the International Classification
of Diseases of the World Health Organization) were
recorded on IBM punch cards.

RESULTS

Radiation Exposure In Table 2 the ballistocardiogram
classifications of the four comparison groups are shown
by age and sex. The four groups showed no significant
differences, so irradiation was not further considered in
presenting the data.

Age Figure 3 contains the ballistocardiogram ratings by
age for males and females combined. The percentage of

Vertical arrows indicate the onset of QRS in the ECG.
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TABLE 2 BALLISTOCARDIOGRAM SCORES BY AGE, SEX, AND COMPARISON GROUP
#2 LR EDRAT: e - T R

e e o 30-39 years #& 40-49 50-59 60-69 70+
T E Border-  Ab- Border- Ab- Border-  Ab- Border- Ab- Border-  Ab-
Subjects Normal* J_,IT;*_ normal* Subjects Normal* _]_}me‘ normal* Subjects Normal* Jine‘ normal* Subjects Normal*® 1!"1'3‘* normal* Subjects Normal* !mf;: normal *
HREER EE oi. BN HRHGN EE s RE  seusu x5, B MREBK BN TS5 RY O MRARE Bk 5., #E

Male 8
0-1999 mt 37 78 16 5 22 64 18 18 28 39 29 32 28 25 32 43 4 25 - 75
0-1999 1 34 82 12 6 19 63 26 10 21 48 38 14 29 31 38 31 9 11 22 67
3 3000-3499 30 43 13 3 16 44 44 12 32 31 34 34 28 18 43 39 7 43 29 29
Not-in-city ',
LR 34 79 15 6 21 71 19 10 17 24 47 29 18 44 39 17 7 29 43 29
Female =
0-1999m 55 62 3l 7 27 37 44 18 28 21 46 32 28 21 39 39 5 . 20 80
2 0-1999 41 78 15 7 a7 38 40 22 34 12 50 a8 20 20 a0 50 11 9 27 64
3000-3499 45 69 29 2 31 45 32 23 34 32 24 44 22 27 27 46 7 14 43 43
Not-in-city
i A A 46 66 30 4 24 62 17 21 33 27 39 33 34 29 24 47 9 22 22 56

* Ballistocardiogram percentage L3l (3] %

+ Reported acute symptoms of irradiation ATE S EF O MERER Y & - &

1 Reported no symptoms of irradiation ATB B OEAERER LS



normal records declines and the proportion of abnormal
records progressively increases with advancing age.
The transition from mostly normal to mostly abnormal
classifications occurs in the 50-59 age group which has
the largest percentage of borderline records. The two
lower age groups exhibit a stepwise decline in percentages
going from normal to abnormal ballistocardiograms,
whereas the two age groups above 50-59 years have
a progressive increase.

Fidler et al,® using the same classification criteria,
found fewer normal records in subjects without cardio-
vascular disease 40 years of age and older than were
found for all subjects of these ages in the present study.

W LI OB SN L TwA. EELHEEA
ORITE, F—F—34 >0 LHBMHOETEIRL S
VE0 -S9O IEREIIAG RS, ZTHENEV 2 ODIE
BEE D LRIE AT R AT IE R A 5 BRI 5 B IR
WIEFLTWAN, 50-9EL 0 S 2 20EREHT
i, ToaTEZFRBELTVS.

Fidler 5% i3, [ U4ERELH T, FHEIIHT2

0L EOXRE IR L TORMLERLO % ©FE B
BITHU A EROHBRAS VLGS,

FIGURE 3 BALLISTOCARDIOGRAM SCORE BY AGE AT EXAMINATION
BA 3 AR AR i 1L 58 Bl I st

% R0
Age ## Subjects #H&¥
i 3039 332 i
ol 4049 198 )
50-59
r 60-69 1
T0+
40 F e
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However, the overall percentage of abnormal records in
both studies was nearly equal. Findings more similar to
the present results were reported by Faginm and by
Fulton® in subjects without cardiovascular disease. It
should be noted in comparing results that the noncardio-
vascular disease subjects in other reports included mostly
persons with varied chronic disorders. In addition, the
normal controls of other studies were mainly younger
subjects so that no direct comparison is possible. The
correlations with age in this study include persons having
diseases of the cardiovascular system. Comparison of
other reports with the noncardiovascular disease group
in the present study shows this study population to have
even better scores in all age categories.

F

Abnormal #
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March,!' using a more precise technique for recording
ballistocardiograms in three planes, observed that a
change in direction of force was related more closely to
aging than a change in the magnitude of force. The
longitudinal forces diminished and lateral forces increased
with aging. Starr has described systolic force diminution
in all planes in older subjects.'* Since only the longi-
tudinal ballistocardiogram lras been used here directional
change cannot be evaluated.

Ballistocardiographic abnormalities have been considered
suggestive of coronary artery disease in the absence of
hypertension, valvular disease or primary myocardial
disease to explain malfunction. This suggestion is based
on Starr’s 20-year follow-up studies on his original control
subjects.!® Starr found retrospectively that the ischemie
heart disease mortality and morbidity were higher in
subjects with low amplitude ballistocardiograms than in
those having greater amplitudes. In the Japanese popu-
lation, where coronary artery disease is much less
common than in the United States,'* more normal
ballistocardiograms might be expected at any given age.

Cardiovascular Disease Subjects with rheumatic heart
disease, coronary artery disease, cardiac arrhythmias,
history or presence of congestive heart failure, hypertension,
generalized arteriosclerosis, kyphoscoliosis, emphysema
and/or chronic bronchitis were combined and the data
handled separately from those with none of these diagnoses.
There were 295 subjects with at least one of the above
named diagnoses and 730 with none of them. The
results are presented in Table 3. In this and following
figures, ‘Borderline’ percentages are omitted for the
sake of simplicity. In all age groups those with disease
tend to show less favorable ballistocardiogram. The
difference is particularly large for males 60-69 years of
age. The trend toward poorer classification with increasing
age, moreover, can be seen for those with or without
cardiovascular disease. Fidler et al’ state that a normal
or borderline ballistocardiogram in persons under 40 years
indicates a normal cardiovascular system and that an
abnormal reading in the 60-79 year age range suggests a
malfunctioning cardiovascular system. The findings here
support only the latter statement. Fagin and Melntyre'®
found small differences between their groups with and
without cardiovascular disease.

The separation of those with and without cardiovascular
disease depended on the recording of a diagnosis at the
discretion of the physician who ultimately completed the
subject’s medical record. Although diagnostic criteria
are well defined at ABCC, they serve only as a guide to

March " 12 FFE 2 %8 & FV T 3 i L BN & 38k
LT, hohmoEtehoks snZEL LD &Nk
FBEAMEI S BB A, MEBE & 410, KON TR
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DEAL RN T & AL
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MR LD ECE S & CRAEL, LRI
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3, 06O PBIEIHIzIkE WL, X5 IEME L
A4 AR, LRMOLEREOSSHIZLE LRI
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the examiner and more objective information is gained by
correlations with actual measurements(e.g., blood pressure,
height, weight, hemoglobin, ete.).

Cardiothoracic Ratio In Figure 4, persons with high
and low cardiothoracic ratios are compared. A high
ratio is arbitrarily defined as >.48 in males and >.52 in
females. In both sexes it is apparent that high cardio-
thoracic ratios are associated with abnormal ballistocardio-
graphic readings. Much of this effect is explained,
though, by the tendency towards increased cardiothoracic
ratio with age. Within any single age group the relationship
between this ratio and ballistocardiogram is less apparent.

2, MIE, BE, fH, mOERS) LML
T, INEHMNZERIGONS.

DEMERE B4 13L& LIS 5
LEdoThs, Bulbiy, Bfizsur= 48, &t
ThHwTz 52 LML Bz uv T e D il E
ik, B LHENIEEMEEFHS LML TH
5. LdL, ZOBEOREESIE, CRBETEL LR
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Wizdw T, Zolks LM s oMFEE, SIFEm
el b el

FIGURE 4 BALLISTOCARDIOGRAM SCORE BY CARDIOTHORACIC RATIO
B4 LNk e B Bk i) B ) ] G

% 60
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Z 7
ﬂ E
Normal L%  Abnormal ## Normal %  Abnormal %

Body Weight The ballistocardiogram classifications are
presented for relative weight groups and by age and
sex (Table 4). The weight groups are based on standards
published for the Adult Health Study sample, in which
an individual's weight is expressed as a percentile
in the distribution of weights of persons with the same
age, sex, and height,lﬁ The high percentiles represent
high weight. The proportion of abnormal ballistocardio-
grams is increased among higher weight percentiles, the
pattern holding over most age and sex groups. Evaluation
of those age 70 and older is difficult because of small
numbers.

RE AR TR, FR - MERNC L eERNX M E R L
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TABLE 3 BALLISTOCARDIOGRAM SCORES, SUBJECTS WITH AND WITHOUT DISEASES AFFECTING THE CARDIOVASCULAR SYSTEM
BY AGE AND SEX

%3 LROERETTEROSAMNBES LV ZNOL VMREO LB BHT: 4 - 13

G 30-39 years & 40-49 50-59 60-69 70+
e Subjects Normal* Abnormal* Subjects Normal* Abnormal* Subjects Normal® Abnormal* Subjects Normal* Abnormal* Subjects Normal®* Abnormal*
MHEREHEEH  OER FH MERAEN EE = REEN R B MRAEEN  EW e MREEE RN 5
Without Cardiovascular Disease tROEHERED LV E
Male 4% 124 81 5 58 66 10 52 44 23 48 42 16 9 33 55
Female # 190 69 5 106 44 20 86 24 34 54 24 35 3 - 33
Total & 314 74 5 164 b2 16 138 32 30 102 32 26 12 25 50
With Cardiovascular Disease LROEERD &3 &
Male = 11 73 9 20 50 20 46 26 35 55 16 49 18 22 45
Female #« 7 43 14 13 46 31 43 21 44 50 26 56 9 14 62
Total &f 18 61 11 33 48 24 89 24 39 105 21 52 47 17 55

* Ballistocardiogram percentage L3 @i F %

TABLE 4 BALLISTOCARDIOGRAM SCORES BY WEIGHT PERCENTILE, AGE, AND SEX
#4 LB (REEDOE - - ER
»

Weight Bavdeniile 30-39 years & 40-49 50-59 60-69 70+
o Subjects Normal* Abnormal* Subjects Normai" Abnormal* Subjects ijmai* Abnormal* Subjects Normal* Abnormal* Subjects Normal® Abnormal*
HEBRAEHR ER LR MmHEER LE R whEHEE EFE E-S0 sEEES LW E MERHEEE LW £

Male 2

=95th 10 10 30 . - - 7 29 43 8 37 38 2 100

75-94th 28 75 11 14 36 36 15 33 47 20 15 65 2 100

50-74th 31 84 . 11 54 9 27 41 26 23 22 34 5 40 20

25-49th 27 85 - 25 64 8 30 27 27 24 38 21 3 67

05-24th 29 97 3 24 71 8 16 44 19 21 29 19 12 25 50

=(}5th 5 100 - 3 100 - 3 67 . 6 33 33 3 67
Female %

>95th 10 10 30 7 - 72 7 - 57 4 - 75

75-94th 36 50 8 18 22 28 18 6 50 24 - 58 5 20 60

50-Tdth 50 74 4 36 33 22 34 9 44 27 19 44 4 Th

25-49th 58 76 2 25 56 20 31 3z 39 25 3z 44 7 72

05-24th 30 20 3 30 70 7 33 42 21 16 56 19 9 22 33

<05th 13 77 - 3 67 - 5 40 20 3 67 33 6 83

* Ballistocardiogram percentage L 3 i[5 %



FIGURE 5 BALLISTOCARDIOGRAM SCORE BY DIASTOLIC BLOOD PRESSURE
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Obesity has been reported to have a slight, yet consistent, B, CEMHEEEHTLITIREEZHF—F] L ABNE

relationship to ballistocardiographic abnormalities.* By
Body weight
percentiles specific for height, sex, and age in the Adult
Health Study population were used in examining the
relationship of the ballistocardiogram to body habitus.
Higher percentile subjects had inferior ballistocardio-

Western standards obesity is rare in Japan.

graphic classifications and progressive improvement was
This is not
of the recognized association of

noted in successively lower percentiles.
surprising in view

hypertension, coronary artery disease, diabetes, and
reduced life expectancy with obesity.16 The relationship
between weight and ballistocardiogram was most striking
in younger subjects, supporting a concept of earlier
cardiovascular deterioration associated with elevated
body weight. The relationship of obesity and ballisto-
cardiogram was examined in persons without cardiovascular
The data are
not presented here, but they indicated that obesity was
associated with poor ballistocardiogram scores in persons
free of cardiovascular disease and independently of the

diastolic pressure.

disease at two levels of diastolic pressure.

It would be of interest to pursue
other confounding variables, such as modification of the
ballistocardiogram due to differences in force transmission
associated with a heavier body build.

Diastolic Blood Pressure There was a shift to more
abnormality of the ballistocardiogram with increasing
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FIGURE 6 BALLISTOCARDIOGRAM SCORE BY DIASTOLIC BLOOD PRESSURE AND AGE
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diastolic blood pressure. Figure 5 shows the diastolic
The
ballistocardiogram results by diastolic pressure and age

pressure relationships for all ages combined.

shows that within each pressure range the age relation-
ship is maintained; and conversely, that within each age
range the pressure relationship is maintained (Figure 6).

Hypertension with and without cardiac enlargement can
produce alterations in the ba\]listocau-c:liogra\m.;l Most
studies have separated subjects into two groups: hyper-
tensive and nonhypertensive. Although the proportion of
subjects in this study with lower diastolic pressures
diminishes with increasing age, there is consistent
worsening of the ballistocardiogram with increasing
diastolic pressure from below 70 mmHg to 70-89 mmHg.
Further deterioration with increasing diastolic hypertension,
within each age range and for all ages combined,
supports Pickerings'® eloquently presented concept of
hypertension. That is, hypertension is not a distinct
disease, but represents the upper percentile of a distri-
bution curve. Within this concept then, if pressure is
the index of risk, lower than usual levels should be even
more advantageous for the cardiovascular system. Justas
hypertension can be graded with prognostic implications
by diastolic blood pressure, nonhypertensives might also
Some precedent for this assertion is
provided in the studies by Stamler et al'® on 756 male

employees at a utility company in Chicago, lllinois. A

be so classified.
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significant percentage of their young adult subjects with
low normal diastolic blood pressures maintained the low
levels throughout middle age, and had an optimal
prognosis in relation to the later development of hyper-
tension, hypertensive heart disease and coronary artery
disease. Progressively poorer prognoses were retro-
spectively found for those with high normal, borderline,
hypertensive and severely hypertensive diastolic pressure
They stated, “... it might well be more sound to
regard so-called ‘high normal’ values for blood pressure
as indicative of underlying pathophysiological processes
as yet undiscernible and unknown to medicine.” Only
long-term follow-up and ultimate determination of life
span in this population could test the prognostic validity
of such a classification.

levels.

Ballistocardiographic findings by
systolic blood pressure were similar to those by diastolic
préssure, The
tendency for blood pressure to be higher in obese persons

but with less impressive differences.

led to the examination of ballistocardiogram readings by
High

diastolic pressures were associated with poor ballisto-

age, percentile of weight and diastolic pressure.
cardiogram tracings within age and weight group.

In contrast to Western populations where heart disehse
is the most common complication and leading cause of

death in hypertensives,' Japanese patients with hyper-

tension seldom develop symptomatic heart disease.'*

Switzer found that only 7.2% of Japanese hypertensives

in Hiroshima displayed electrocardiographic abnormali ties."*

Thus, it would seem that ballistocardiographic abnormalities
with blood pressure increases constitute a sensitive
method of studying effects of hypertension on the cardio-
vascular system in Japanese subjects.

Hemoglobin Figure 7 shows the ballistocardiogram
classifications by hemoglobin levels for males aged 50
vears and above. Females were not included because of
the small number of subjects with higher hemoglobin
In the 30-49 year old males there were few

apparent differences in the ballistocardiogram score

levels.
distributions for the two hemoglobin ranges. Beginning
at age 50 the proportion of normal records decreases
and the proportion of abnormal records increases for
males with hemoglobin values >15g/100ml. The difference
was significant (P<.001). A review of records indicated
that the higher hemoglobin values were not attributable
Most of the subjects with higher
values and abnormal ballistocardiograms,

to chronic lung disease.
hemoglohin
however, were in the upper body weight percentiles.

The relationship of ballistocardiographic abnormalities to
higher hemoglobin levels in males is an interesting finding
in relation to the observations on male patients with
myocardial infarctions reported by Burch and DePasquale.”
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FIGURE 7 BALLISTOCARDIOGRAM SCORES,MALE AGE 50+ BY HEMOGLOBIN LEVEL
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These investigators found a statistically significant
increase in the mean hematocrit values of 100 myocardial
Their
interpretation, admitted to be highly speculative, was

based on alterations of blood flow and viscosity through
20,21

infarction patients as compared to controls.

diseased coronary arteries. Burch and DePasquale
remark that the association between myocardial infarction
and hematocrit level was more conspicuous in younger
patients. In the present study population with its lower
incidence of coronary artery disease, the association
between abnormalities in the ballistocardiogram and
higher hemoglobin values became more apparent in those
50 years of age and above. Higher hemoglobin levels
might adversely affect the cardiovascular system in the
absence of coronary artery disease, perhaps requiring
The subjects in the

same age groups with emphysema and/or chronic bronchitis

more time to produce an effect.

had the same percentage of abnormal ballistocardiograms
as those with lower hemoglobin levels; therefore, it is
unlikely that polycythemia secondary to chronic lung
disease contributed much to the proportion of abnormal
ballistocardiograms in the group with higher hemoglobin
levels.

Serum cholesterol levels, which tend to be lower in
Japan than in the United States, were examined in
relation to ballistocardiographic abnormalities and only
small differences were found.
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Correlations of ballistocardiographic abnormalities with
increases in blood pressure, heart size, body weight, and
hemoglobin values within defined age categories are
encouraging. For the patient, technician and physician
the Dock ballistocardiograph is as simple to use as
electrocardiography. From the standpoints of correlations
with specific measurements and the ease in performing
the technique,
Dock ballistocardiograph in large population studies.

the results emphasize the worth of the

SUMMARY

Direct body ballistocardiograms (Dock) were taken during
a routine health survey on 1025 predominantly healthy
Japanese subjects (unselected with respect to the presence
or absence of cardiovascular disease) in age- and sex-
matched comparison groups, to evaluate the ballisto-
cardiogram for use in a population study and to examine

the influence of atomic bomb exposure.

Frequency of ballistocardiographic abnormalities increased
with age, systolic and diastolic blood pressures, cardio-
in h‘l?:n,
Correlation with diagnoses of diseases

thoracic ratios, body weight percentiles and,
hemoglobin levels.
known to affect the cardiovascular system was less
prominent, and no effect attributable to radiation exposure
was seen. |he results of this study illustrate the usefulness
of the direct body ballistocardiograph in epidemiological
studies of cardiovascular disease.
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