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Chapter 32, Resolves of 1949.

Resolve establishing a Special Commission to investigate and
STUDY RELATIVE TO HIGH BIOOD PRESSURE WITH A VIEW TO PROVID-

ING Means for the Control Thereof.

Resolved, That, in view of the leading position which high blood pres-
sure (hypertension) holds as a cause of premature disability and death,
and in view of that fact that financial assistance by the commonwealth is
needed to hasten its control, an unpaid special commission, to consist of
one member of the senate to be designated by the president thereof, three
members of the house of representatives to be designated by the speaker
thereof and one person to be appointed by the governor, is hereby estab-
lished for the purposes hereinafter set forth. Said commission shall make
a thorough investigation and study relative to said malady and the prob-
lem of its control. In the course of its investigation and study, it shall
interview leading authorities upon said subject to determine to what ex-
tent and in what manner financial assistance can be best rendered by the
commonwealth in order to aid in the control of said malady. Said com-
mission may employ medical and other experts, and may employ other
assistants for research and other work. It shall avail itself, to the fullest
possible extent, of the facilities and personnel of such hospitals and other
organizations and institutions as in its opinion will be helpful in effecting
the purposes of its investigation and study hereunder, and may expend
money for the use of such facilities and for the services of such personnel.
Said commission shall report to the general court from time to time as to
the progress of its work, and such reports shall include such recommenda-
tions as it may desire to make, by filing the same with the clerk of the
house of representatives, and it shall make a final report to the general
court, and its findings and recommendations, by filing the same with
said clerk not later than the first Wednesday of December in the current
year.

For the purposes of thisresolve, said commission may expend such sums
as may be appropriated therefor. Approved July 11, 1949.
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April 2, 1956.

The Recess Commission on Hypertension (high t lood
pressure) created by chapter 32 of the Resolves of 1949 and
revived and continued by chapter 11 of the Resolves of
1950, chapter 41 of the Resolves of 1951, chapter 84 of the
Resolves of 1952, and most recently by chapter 113 of the
Resolves of 1954, herewith submits its final report.

The original resolve creating the Commission directed its
members to make a thorough investigation and study of
hypertension and the problem of its control. The Commis-
sion was further directed to interview leading authorities
to determine to what extent and in what manner the Com-
monwealth could assist in the control of Iwpertension. The
Commission was directed to avail itself to the fullest pos-
sible extent of the facilities and personnel of such hospitals
and other organizations as would be helpful in effecting the
purposes of its investigation and study. The Commission
carried out that mandate.

The members of this Commission, its staff and consultants,
wish to pay a tribute, individually and collectively, to the
late former Representative Paul A. McCarthy of Somer-
ville, who instituted this study. Himself a victim of the
dread disease of hypertension, whose own political career
had been cut short by its inroads, he was aware, far in ad-
vance of the thinking of the most progressive minds, of the
role government could and should play in the prevention
and control of the disorder.

Victims of hypertension from here to London, to Paris, to
Stockholm, to Geneva, to Helsinki, to Leningrad, to Vladi-
vostok, to Johannesburg, to Tokyo, to Honolulu, all owe
him a deep debt of gratitude. Their children and their
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children’s children owe him an even deeper debt. Without
his awareness of the insidious dangers of a disorder respon-
sible for a larger number of deaths than war itself, untold
generations to come would not have been born.

The knowledge and facts and understanding that have
been acquired as a result of the study he instituted have
been spread around the world. A doctor in Johannesburg
has been given advice about instituting a similar study, a
medical library in Honolulu has obtained information, a
group of doctors in Tokyo has had guidance. The Uni-
versity of Helsinki has consulted our files, Acta Medica
Scandinavaca has praised them.

The Commission is deeply grateful for the co-operation of
he numerous physicians, surgeons, clinical and laboratory

investigators, epidemiologists, sociologists and psychiatrist
who assisted in its study. Had it not been for the ready
sistance they gave so freely the work of the Commission
could not have been carried out. A partial list of those who
assisted will be found elsewhere.

Importance of the Disorde

In its first report, the Commission stated:
At the very outset this Commission was impressed by

two facts, the appalling number of persons who die every
year from hypertension or its results, and the even more
appalling lack of knowledge about the ailment

One generally recognized authority has estimated that
30 per cent of the population have high blood pressure and
will die sooner than the remaining 70 per cent

“When I think of the thousands who die from high blood
pressure every year in this State alone, I believe it is t
duty of the State to step in and do something about
told this Commissio:

Specialists in the field who appeared before the Commis-
sion declared

Three persons die of hypertension and allied ailments for every person

who dies of cancer. .
.

. Hypertension is three times as important
cancer. ... It (hypertension) picks off the best citizens those who
have the most drive and energy, who contribute the most
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What little is known about hypertension is due to the heroic
efforts of a few doctors. Aside from that small group little has been
done. . . . Hypertension is the most serious disease the country faces
today. . . . We do not know the answer to high blood pressure yet
problems of both heart disease and hypertension have been left to the
last. . . . There are enough hypertension cases in which the disease is
serious to justify any expenditur

After devoting years to further study and consultation,
the Commission wishes to emphasize again the seriou
of the disorder. It has been brought home to the Commi
sion time and time again that the problem of hypertension
is one of vast magnitude, affecting all age groups and
sons in all walks of life.

Outline of bn

deliberation, the included thatCor
irineipal aspects of i dtl

to deterr iture of
dis-tment; anme

order.
The results of the specialize search projects sponsored

the Comm .uspices of the I
ive been published a; being publishct

journals throughout the world. They included studies of
hypertension in children; of surgical, medical and psychia-
tric treatment for hypertension; of the role heredity p
in hypertension as well as such even more technical phases
as the pathological examination of biopsies taken from the

idneys of hypertensive j
A more detailed list of such projects will be found ini

As an example of what can result from such specialized
research, a bibliography arising from the study of the prog-
nosis of surgically treated hypertensive patients is contained
in Appendix B.

When expert after expert testified how little was known
about the over-all history of hypertension, the Commission
decided that the first step in its program should be the com-
pilation and summarization of all existing data on hyper

Appendix A
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tension. This determination was reached only after medi-
cal and public health authorities had repeatedly stated that
such data had never been assembled and that its compila-
tion would be of inestimable value.

To carry out this highly technical project, the Commission
enrolled the Division of Epidemiology of the School of Pub-
lic Health and the Bureau of Applied Social Research of
Columbia University. Under the direction of Dr. E. Gurney
Clark of the School of Public Health, working closely with
the Bureau, there was compiled a card reference file of
every writing available in every language on blood pressure
during a thirty-year period.

This comprised a card index of 17,000 articles in 20
languages, and constituted the first compilation of such
knowledge ever made, surpassing even the data available
at the United States Army Medical library, reportedly the
finest in the world.

The Commission had sponsored and supervised the com-
pilation for reference and research only, but when its exist-
ence became known a steadily increasing demand for in-
formation resulted in the decision to make it readily avail-
able to any one.

The resulting bibliography in three volumes is now being
sold at cost by the public document division of the office of
the Secretary of State. Copies are in the libraries of leading
medical institutions throughout the world.

Following the completion of this card index, and before
its publication in book form, the Commission gathered to-
gether an assembly of outstanding medical and clinical in-
vestigators, research specialists, psychiatrists, sociologists,
epidemiologists, public health authorities, practicing physi-
cians and surgeons, and the professors who had taught them.

A way to solve the age-old riddle of hypertension was
presented by Dr. Clai’k.

He said:

Epidemiology long ago emerged from its classic concern with the study
of epidemics. Lessons learned in this limited sense were applicable to
the study of communicable diseases in endemic as well as epidemic oc-
currence. Latterly it has been recognized that methods of study per-
fected in the solution of communicable disease problems can be applied
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to other conditions which affect large groups of people. As a result, a
number of morbid conditions such as mental disorders, nutritional de-
ficiencies, congenital defects, and mottled enamel are being so studied.
Now, essential hypertension, long investigated by clinical and experi-
mental laboratory methods, is being exposed to this mode of inquiry.

Epidemiology is more than a descriptive science; it is also a collective
and constructive science collective in its use of data from demography,
statistics, clinical and laboratory medicine and the social sciences; con-
structive in its analysis of these and its own data in determining the fac-
tors and relationships which contribute to the occurrence and distribu-
tion of disease, defects, disability and death. The purest form of epi-
demiologic investigation comprises the observation, recording and analysis
of disease as it occurs under natural conditions among aggregations of in-
dividuals. This is an addition to and not a substitute for clinical and con-
trolled laboratory experimentation. The over-all epidemiologic approach
to the study of disease requires a systematic appraisal of the results of
clinical and laboratory investigation as well as the results of epidemiologic
investigation, since success in the latter is hastened by advances in the
former.

The ultimate object of both clinical and epidemiologic observation is
prevention and control. The unit of concern in clinical medicine is the
individual; in epidemiology, it is aggregations of individuals. The ag-
gregations of epidemiologic interest naturally comprise the individual
units of clinical interest. Thus there is a mutual dependence in efforts
to define the natural history of any disorder. Although the epidemiologic
method independently has been responsible for important medical dis-
coveries, just as have clinical and laboratory methods, our ultimate aims
are served more completely by an orderly and rational combination of
these threebasic approaches. This is our purpose here.

Ultimate accomplishments in prevention and control of any disorder
depend upon the extent of knowledge of its natural history. Natural
history in this sense goes beyond pathogenesis and the course of a disease
in an individual, although a knowledge of this course is essential to it.
If all of the elements of causation are to be taken into account, the nat-
ural history must extend into the environment and among the associates
of the affected individual. It must not overlook ancestry, physical and
mental development, associated disease agents and occupation. The

summation of the individual are usu-
eausation. Epidemiology is not the

changes which are discernible by e
ally only the effects of multiple
natural history of disease but a r
may be elucidated.

lethod by which the natural history

I control of disease should have asAny program for the prevention ,r

its basis an understanding of cause. Perkins puts the whole philosophy
of prevention in a single phrase, “To oppose or intercept a cause is to
prevent or dissipate its effects.” These causes may be related to specific
disease-inciting agents; to habits, characteristics and customs of man;
and/or to the specific environment of man, environment here being used
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in its broadest sense to include the physical, social, biologic and economic
undines of man. Thus, in order to define cause of mass disease inairrour

the relevant details of agents, human host
,nd environment must be correlated and analyzed in relation tt

The epidemiologic approach comprises several more or less relatec
iteps. The first one is conventional, descriptive epidemiology, an e
nentary phase in this approach. This is a compilation of known data to

the character, extent and significance of the problem in tern
nee, trends and distribution according to such

e sex, race, etc. Dr. Morsell has partially completed an evalu-t
ation of these data relating to essential hypertension and the results are

its about the disThe
the theories explaining it

n made in two directions: (1)

■eview, and (2) this symposium. Both of these have followedliterati
which organizes the material under the general categories of agentri£

by title the comple

dnee 1920; we 1
nd a sample of ea

ihed a working re1,500 abst:
o the class
this svmpc

e
We are here to

to be true about the natural
rning the third and fourthir

approach to the study
suggest where re-

Our review panel has thetllll£

t is expected to review the data prtt ,ir

Nt informal discussions, ancthe
final discussions. Theseto mark definite points of ref

stuch
This is to test by controlled experiment the theories and hypothesi

ips. The suggestions for controlled expertidvanced m the pre

rocedurmts which emerge may be laboratc
boratorv and clinical investigation we

r critical discussion a proposal for epidemiologt

ieal with a representative populatio:
.eluding the well and the sick, hypertensive and non-hypertensive. Ththe well and th

I investigation will take into account the factors believed to be per
tinent in the natural history of essential hypertension, and, with app
iriate controls, will establish certain categories both of individualtrols, will establ

|uantitat ,ve compansc
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The epidemiologic approach is one which requires team effort. The
variety of skills required is attested by the variety of training and ex-
perience represented here surgeons, internists, psychiatrists, physi-
ologists, laboratory investigators, epidemiologists, public health officials,
teachers of preventive medicine, and finally, new members of our team,
experts in the field of sociology. These experts are not new to medical
research, but they are, in so far as I am aware, new to this particualr
problem. The study of population groups for whatever object requires a
knowledge not only of demography but also of methods for obtaining re-
liable and comparable information from people by the application of
techniques which have been developed and tested by social scientists.
However, this alone is not enough for our purposes. The sociologist’s
contribution must be more than the ad hoc application of special skills
and techniques. Such skills must be combined with a requisite under-
standing of the medical field under consideration.

Review op Knowledge.

State of knowledge of the problem then existing throng’
out the world was outlined by

I. Definitions and Standards

The significance of any disease pr
tent of pathologic changes it produc

iblem may be judged by (1) the ex-
;s in the individual, and (2) the fre-

quency of its occurrence in the population. No question is seriously
raised on either count in the case of hypertension; its role as an indicator
or as a producer of bodily damage is undisputed, and there is unanimous
agreement that it is widespread. The difficulties arise when there is a
need for more exact statements, either as a basis for scientific inquiry or
as grounds for taking preventive or remedial action of some kind. Fore-
most among these difficulties is the question of what levels of blood pres-
sure are to be regarded as normal and what as abnormal. Obviously, any
estimate of prevalence will be affected by the point at which the distinc-
tion is made: if a comparatively low level is taken as the point of ab-
normal elevation, the prevalence will be correspondingly greater; if the
level is comparatively high, correspondingly fewer persons will be de-
fined as hypertensives.

Except in cases in which the hypertensive disease has progressed to the
itage of marked cardiovascular, renal or cerebral damage, we are not in a

position clinically to state the exact functional or anatomical correlates of
any given abnormal level of blood pressure. Inevitably, some kind of
arbitrary decision must be made, based on inferences as to the pathological
significance of various levels; the inferences, in turn, are arrived at by
analyzing some form of the average blood pressure experience of lar
numbers of people. The literature abounds in differences of opinion as
to the kinds of experience that are pertinent, the type of average that
should be used, and the limits within which the criterion should hold

Dr. Morsell, as follow;
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Table 1 shows the distribution of the various criteria of hypertension
which have been used in 33 studies of prevalence in which the criteria
have been explicitly stated. In two or three instances the classification
of hypertension could be made on more than one basis; all told, these
33 studies employed 14 different criteria or combinations of criteria. The
single criterion most often used was a systolic pressure of 140 mm. of
mercury; next most frequent was a systolic pressure of 150 mm. Hg. In
17 of the studies, cases were classifiable as hypertensive on the basis of an
elevated systolic pressure alone; yet the trend of current thought on
pathogenesis is that the factor most immediately concerned in essential
hypertension is the peripheral vascular resistance resulting from in-
creased arteriolar tone, which is measured by the diastolic pressure read-
ing.

Table 1. Criteria used for Classification of Cases as Hypertensive in
33 Studies of Blood Pressure.

Level Dividing Normal Number of
from Abnormal (mm. Hg.). Studies.

150/90 4

120/80 1

Diastolic 100 3
Systolic 145 1

155/95 1

Systolic 150 6
Systolic 140 8
Diastolic 90 3

150/95 2

Under 40 years 140/901
Over 40 years 150/90 ]

Systolic 160 1

150/00 1

Systolic 143 1
Total 33

Ten studies specified minimum systolic and diastolic readings in con-
junction; the standard used by the largest number (four) was a reading
of 150/90. In six studies, the hypertensive classification could be based
on a diastolic reading alone; half of those specified 90 mm., half 100 mm.
It is well known that elevation of the diastolic pressure is likely to be ac-
companied by elevation of the systolic pressure, but the latter often rises
with no change —or even a decrease —in the diastolic pressure. It
seems desirable to employ a criterion that involves both measures; fail-
ing this, it would be consistent with current advances in physiological
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knowledge to prefer the diastolic reading alone to the systolic reading
alone.

In the larger number of these studies, the use of a given criterion is
simply attributed to precedent or is justified on the ground that it is a
“generally accepted” standard. Other studies have borne the burden of
the controversy, and some attention needs to be given to the sources of
the difference in viewpoint. Note has been taken elsewhere (24, 44) of
the influence of considerations peculiar to the business of life insurance in
defining certain levels of blood pressure as abnormal. Data from life in-
surance experience constitute a large part of the material on which our
knowledge of average pressures is based, and the hypertensive level has
often, as a consequence, been set at the point which is associated with an
abnormal mortality experience. At the level of 140 mm. systolic, for ex-
ample, there is a greater percentage of persons with a life expectancy (per
age group) below normal than is to be found at the level of 130 mm.
systolic. For the insurance company this constitutes a significant risk
factor, and it must set its standards accordingly. On the other hand,
the difference in survival rates between these two levels, percentage-wise,
may be relatively inconsequential (44).

Partly on the basis of differential mortality risks, and partly on the
ground that lower systolic pressures exhibit less of the lability that is
taken to be the precursor of sustained hypertension (10, 20, 34, 52) some
investigators have advocated quite low levels as the dividing line between
desirable and undesirable pressures. This point of view has been most
vigorously advanced by Robinson and Brucer, in studies based on Life
Extension Institute periodic physical examinations. These authors feel
that systolic pressures between 120 mm. and 140 mm. are dismissed far
too readily by doctors as being of no significance. They urge that 120

it the level of alertness to danger, as-mm. systolic 1 be regarded as at lei
serting that “such a pressure doef
drawn-out disease.” On this basi
pertension in the adult population

indicate the probable genesis of long
, they estimate the incidence of hy-
is in the neighborhood of 40 per cent.

Objection has been voiced on several counts to the setting of a low
standard, but it has been opposed principally on the ground that it would
tend to require the physician to classify patients as possible or probable
hypertensives at levels (120, or even 140 mm. systolic) which are known
clinically to be quite consistent with long and unimpaired life. The emo-
tional effects upon the patient of a finding of elevated pressure being
what they are, (24), it has seemed to some that it is preferable to have a
broad, rather than a narrow, range of normal pressure. Fewer patients are
likely, then, to be given the disturbing news that they have high blood
pressure at a time when the danger of intensifying the condition thereby
may be greater than the possible therapeutic advantage.

Criticism of low minimum levels as the criterion of hypertension re-
sults also from the belief that the standard of normal should bear some

iWhether resting was not specific
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relation to the average, or the most common, experience. At a hyper-
tensive level of 140 mm. systolic, the proportion of people in the fifth
decade of life and later classed as having hypertension is very large; in
some series, 50 per cent or higher (23, 35, 53, 58), There is considerable
reluctance to regard a state thatprevails in so large a portion of the popu-
lation as abnormal, when, as noted above, no impairment of longevity is
necessarily implied for a great many of the cases. Fundamentally, of
course, this is an objection to the application of a single, fixed criterion to
the entire adult population, with no allowance for variations due to age.
The question of whether or not age produces normal variations in blood
pressure is, therefore, central to the issue.

The majority of writers either take it for granted that normal pres;
data which support this assumption.rises with advancing age or presen

There are practically no exception!
tolio and diastolic pressure readin
age group after the third decade of

to the finding that the means of sys-

increase in size in each succeeding
ife. The changes in systolic pressure

solutely greater than those in theaverages are both relatively and
tended, however (4, 17, 34), that thverages. it nas been c

nee in the sample of unknown numbers of hyper-rerages reflect tl

tensive persons, who are more numerous in the older groups. Therenore nur

ns, then, to be no difference of opinion as to the increased incidence
of hypertension with increasing age. Presumably, if the hypertensives

mple, the remaining normotensives will exhibit
the same average level of blood pressure. This manipulation as performedblood pr

been subjected to severe criticism byby R
Trel ;cal and statistical grounds; what is mor

rt is that, even when they have eliminated readings over 140 mm
slight but consistent age increase

;r

Th; investigations has been interpreted as con-
•t elevated systolic pressure compensatory to

23, 35), and it seems reasonable
to accept, at least as a working basis, the preponderant conclusion that

armal expectation of people as theyn pressure is the n
wer limit of hypertension will be dif-w older. This

;nt for different
that the 1c

Ps and t! .at statements of the over-all incidenceirent

of hypertension in a population should be based on age-specific compu-
tations. What yet remains, of course, is to establish the true age differ-
ences and frequencies on the basis of extensive and representative in-
vestigations.

As indicated earlier, much more importance needs to be attached to
the measurement of the diastolic pressure; uniform methods of reading
it should be agreed upon and, inasmuch as its variation has a narrower
range than the systolic, the possibility of smaller units of calibration of
manometers might be explored. Determination of the normal range in
each age group seems best approached since there is no alternative to



1956.] HOUSE No. 3050. 17

an arbitrary method by the statistical procedure employed most re-
cently b> Master, Dublin and Marks (24). In this study, the readings of
all oases within a range of 40 per cent on either side of the mean reading
(80 per cent of the distribution) were classed as normal for clinical pur-
poses. The range of 5 per cent at the upper and lower ends of the dis-
tribution (more than two sigmas on each side of the mean) is considered
definitely abnormal, with the intervening pressures borderline.

The age question is largely an is: le of the interpretation of data al-
ready gathered; another issue cor le of collecting the data
and arises from the variability of tl lividual blood pressure level at
different times and under dif ns. The varie
which can bring about a temporal- in, particularly of systolic
pressure, is very great, and the de are to control these transient stimuli
has led to the adoption of measure ■igned to obtain “basal” reading;
These are taken following periods 4 or sedation, and are usually
though not invariably, considered tc the minimum readings obtain-
able. Other approaches, somet I in conjunction with the basal
reading, involve taking a number of nsecutive readings at various in-
tervals and using the average or t west of these readings. Some ore
all of these methods have been i in a few incidence studies (1, 14, 15'
and as routine preoperative measur
It has been argued that the bas;

in some hospitals (42).

troduces more distortic
posedly blanks out the variability ofit removes, first, because it

the blood pr ;nt evaluat
ability mayr necessitate the inability

t difficult t
it has been shown that the deter■t.

I blood pressure is not in-
hibited by the application of “1 ions (63); on the contrar
the base an aid to comparability both
in clinical work and in investigati Similarly, the need to superimpose
artificial stimuli on the basal cond tion carries the advantage of stand-
rdization and uniformity

As a rule, the studies which ha
ade use of records of single blood

nployed the largest samples have
lings only. The existenceire

of variability is acknowledged it is assumed that, in a very large
series, the individual er ry. Reliance on a single
reading is probably unavoidable in itudies which seek to be representativ
by basing their findings on ter thousands of subjects. In these in
stances, the investigator is dependent upon records that have already
been collected for other purposes and are available in the desired quan-
tities; to set up the procedures necessary to obtain basal readings for
25, 50 or 100 thousand people is almost sure to be financially and prac-
tically out of the question. On the other hand, representativeness of a
high order can be secured with much smaller samples if they have been
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specifically designed to be representative. It would be quite within
reason, in such an event, to undertake more than the casual, single blood
pressure reading. Besides basal or averaged readings, tests of hyper-
reactivity could be performed; these would seem to be of critical im-
portance to an investigation meant to yield a complete account of the
prevalence of hypertension.

Summary. It appears that certain conditions and procedures can be
suggested which should ideally obtain in the determination of blood pres-
sures, if the readings are to be the source of conclusions about the prev-
alence of hypertension. A criterion for classifying readings as either nor-
mal or abnormal is basic, and this criterion should reflect the physiologic
increase in levels with increasing age. It will probably be a useful re-
finement to state this in the form of a normal range, although it is under-
stood that the limits of the range are arbitrary as a single dividing line
would be. The general approach used by Master, Dublin and Marks
seems to the author to be the most satisfactory method to date, although
the specific values presented by them may be modified when other and
more thoroughly representative samples are studied. Second, the pro-
cedure should provide some means of controlling the influence of ex-
traneous stimuli which distort the readings. Whether this will be a
basal reading obtained through rest or sedation, or the average or the
lowest of a series of readings, will be determined by the needs and con-
ditions prevailing in the given study situation. Stress on the diastolic

at which it is read are important,
for tests of hyper-reactivity, since,
state, the picture of prevalence is

pressure and uniformity in the phase
Finally, the inquiry ought to provide
if it represents the pre-hypertensive
incomplete without it.

11. The Resui DF StuDIEI

None of the studies reviewed here was based on a scientific sample of
the population of the country as a whole or of any subdivision of it. Two
studies came nearer than most to the kind of broad representation upon
which definitive conclusions need to be established (23, 24). In the first
of these, persons under forty years of age were intentionally excluded;
the second, consisting of wartime industrial personnel, is admittedly de-
ficient as regards housewives, and also omits those who are either too
young or too old to work.

Table 2 shows the varied kinds of samples upon which the informa-
tion about prevalence now current in the literature is based. Because
the standards and procedures used in collecting and tabulating the data
of these studies are so varied, it is impossible to cumulate them in an
approximation of the country-wide experience. Even if they could be
combined, there are sizeable segments of the population which would
still be missing. We have mentioned the stay-at-home groups house-
wives in particular as having been relatively untapped in the studies
listed; but an inspection of Table 2 will show that this element of the
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Table 2. Kinds of Population Groups Sampled in 45 Studies of Blood
Pressure Levels.

Numbcf of3roup Sampled

Factory worki •plicantsemployed groups, job

Pri!

Prison guards
1

Accepted and rejected life insurance applicants, policyho] 6

Office patients

College student

Schoolchildren

Routine or periodic health examinations

Hospital and clinic patient

Military personnel .

Female teacher applicants

Selective Service examine*

Veterans

Retired seame

Railroad worker
Men, unspecified

Combined groups (workers, rc

Total

population has been missed in every one of them, with the possible ex-
ception of the life insurance samples. And, in the largest of these, the
proportion of women is quite small, being about 1 in 11 in one instance
(5), and about 1 in 14 in another (44).

The inadequacy of many of the samples derives from more than just
the omission of important population groups: they frequently reflect the
operation of selective factors which are likely to introduce bias. In other
words, in a large number of instances, the blood pressure readings are
those of very special aggregations wh :h cannot be deemed representative
of anything but themselves. 1 This ii particularly true of such groups as

Tablele i aocs not include lour studies in which the estimates are based on autopsy material
'l> 621- In the largest of these (9), the principal criterion of hypertension was an enlarged

(m. or more in males, 450 gm. or more in females), although a record of 150 mm. systolic
pplemor mgner, wnen available, was supplementary. One, of 150 cases only (62), required both cardiachypertrophy and a blood pressure record of 150/90 or higher. Another accepted either hyper-

trophy or an elevated pressure (60), and the fourth gave primary weight to a record of 155/95 or

higher (61). The problemgner mil. me problems involved In reaching any decision, on the basis of autopsy material,as to the incidenceof hypertension or even ofhypertensive heart disease in the general popu-lation are so perplexing that it is hard tosee how such data could ever satisfy all of the necessarv
—.... ——

™ ... id ....... ......... uuw suen uaia could ever satisly all of the necessaryconditions. Moreover, the unfailing significance of cardiac hypertrophy as an index of hyper-tension has been questioned (16).
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hospital admissions and discharges, who are not representative of the
much larger healthy population and probably not even of those who are
ill; prisoners, who, while they may not be demonstrably different from
other people in their constitutional averages, are certainly subject to

incarcerated; college students, who,abnormal conditions of life while
nomic as well as age group; militaryby and large, represent a select eco:
physical defects have been screenedpersonnel, from whom those with

likely to represent a select eco-physicians’ office patients, who are
nomic group; and insurance sam les, who, if accepted, have had the
physically subnormal sifted out and, even if rejected, certainly exclude
those whose health was bad enough in the first place to forestall an ap
plication for life insurance

This is not to say that the results obtained from any of these special
populations cannot under any circumstances be typical of the entire

ty would be a matter ofmnitv. They might be; but tl
I with the conclusiveness which is
ite findings. On the other hand,

chance; it could never be establish
characteristic of scientifically adeqi

Ps which are known to be unique inthere is often value in studies of gror
blood pressure they exhibit arewell-defined respects, when the level;

with those in other groups. Suchseen to be significantly at variance
aes to etiological relationships. Afindings are sometimes productive of
two listed studies of prison popu-possible instance of this occurs in tl

systolic pressure levels were foundlations, (3, 18) in which the average

rund in other groups of comparableto be lower than those customaril
dances, the authors speculate on thedemographic make-up. In both ir
ate the effect of a life lacking in re-possibility that their findings indie

sponsibility orurgency; and Alvare 3) notes that the levels of the prison
guards, of comparable age, were mud

There is, furthermore, a consisten
,ch higher.

with respect to certain finding;
which no one of the studies couldthat gives them a weight, co.

discussed the substantial agree-command individually. We have alre
ment as to both the normal increase in blood pressure with age and the
heightened incidence of hypertension as age increases. It is general
agreed, too, in those studies which deal with this aspect, that the pr
nosis for hypertensives is better at older (fifty years and more) than at
younger years (4, 24). It is also a common finding that the average pre
;ure levels of women are less than those of men up to the fifth decade or

thereabouts, but tend to equal or exceed them thereafter; and that, c
respondlngiy, hypertension is more frequent in men under fifty, more fre
quent in women after fifty (14, 24, 44

Studies dealing with racial differences in blood pressure and in the in
cidence of hypertension, as a rule report a greater occurrence of elevated
pressures among Negroes than among whites (18, 29, 38, 39, 50). Marked

increases in the level are also said to begin at earlier ages among Negroes
and the clinical course is stated to be more severe. On the whole, how-
ever, these studies are few in number and involve very limited samples
it is impossible, therefore, to regard the case they make as having beer
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established with anything like the firmness of the age and sex findings.
Kean and Hamill (17), who reviewed much of the literature on incidence
with especial attention to racial variations, found it necessary to elim-
inate many studies because of their manifest inadequacy. They ob-
served, further, that “none of the remaining papers presents unassailable
evidence, and few are susceptible to rigid statistical evaluation.”

The conclusions of these studies as to the ratio prevailing between
Negroes and whites with respect to hypertension do not vary in any
great degree. Examples can be cited, as follows: Kesilman (18) reported
the incidence of hypertension among the Negroes in his sample to be
three times that of the whites; Orenstein (27) found 5.8 per cent of 3,000
Negro draftees hypertensive, and reports that nearly four times as many
Negroes as whites were rejected for hypertension in the Fourth Service
Command; Allen (2) found the incidence of hypertension two and one
half times as great among Negro factory workers as among a similar group
ofwhites; Schwab and Schulze (39) reported the incidence of hypertensive
heart disease to be two and one half times as large in a series of Negro
dispensary patients as in a similar series of white patients; in a group of
1,400 discharges from a veterans’ hospital, Roisinger notes (32), 8.2 per
sent were Negroes, who comprised 20.7 per cent of the hypertensives.
The consistency of the finding that hypertension and hypertensive

heart disease were more freqeuntly encountered among the Negroes ex-
amined than among the whites must carry a certain weight. On the
other hand, the limitations of the samples should be more clearly recog-

1 than has been the case with most authors. An example is providednize
id Schulze (39), who re sorted on 1,660 cardiac cases seen

, Texas, clinic. The total medicalperiod of years in a Galvestor
admissions in the period were 10,188, 58 per cent of whom were Negroes.
Of 948 patients classified as cases of hypertensive heart disease, 741 were
Negroes and 207 were whites, on which basis the authors conclude that
“it seems to follow that the hypertensive type of heart disease is about
two and one half times of greater incidence in the Negro than in the white
race.” The added italics call attention to the unwarranted generaliza-

tion which has been made: limited findings based on observation of rela-
tively few patients in a single hospital clinic have been applied without
apparent reservation to the entirety of the country’s major racial groups.
Yet, as inadequately founded as it is, this ratio or others with no
greater validity will continue to be cited in the literature until, by

nstant reiteration, it has achieved the status of an undisputed fact.
This is, unfortunately, far from being an exceptional instance. On the

basis of less than half a dozen reports, and chiefly on the strength of a
angle study, by Dennison (64), of one group of natives in one section of
Africa, the subsequent literature accepts almost without question the
total absence of hypertension among African aborigines. Conclusions
(conflicting, in this case) regarding the occurrence of hypertension among
400 million Chinese are confidently advanced on the evidence of no more

than a dozen investigations of small scope. There is obviously no fault
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to be found with the fact that studies must be limited in sample size, in
the variety of conditions controlled, and in the investigative procedures
which are brought to bear. The quarrel must be with the failure to make
explicit the corresponding limits on the applicability of the results of the
studies.

In Table 3 there is presented an array of more than fifty of the prin-
cipal studies which have had as one of their purposes determination of
the prevalence of hypertension or of differences in average blood pressure.
In some, these findings are given for a whole sample; in others, for sub-
divisions of the sample. While, in the aggregate, they leave no room for
doubt that hypertension is a health problem of great magnitude l which
varies in terms of age, sex and race, they do not give us precise statements
or enable us to judge the total prevalence of hypertension.

A question of utility naturally arises. To know accurately what the
total prevalence of hypertension is at any one time, or in any one place, is
of value primarily as an index of the size of the problem as a concern of
public health. Whether so great a degree of precision in this knowledge
is of enough immediate importance to justify the cost in money and effort
which it would entail is not self-evident. It is in its potential contribution
to understanding of the natural history of the disorder that information
about incidence and prevalence finds its chief value: i.e., in comparisons
of precise data for different localities and at different periods; and in
comparisons of the prevalence among different groups in the population

men and women, young people and old people, whites and Negroes,
varied constitutionally, psychologically, economically, and in other ways
that experience indicates may be relevant. The demonstration of a
correlation between hypertensive prevalence and age, for example, has
led inevitably to explanatory hypotheses whose confirmation or rejection
lies along clinical, pathological or experimental routes. The same process
may be anticipated when acceptable information is at hand concerning
the other variables whose relation to the incidence of hypertension 2 re-
mains to be clarified.

1 The Sixth Revision (adopted 1948) of the International List of Causes ofDeath will substan-
tiallyexpand our knowledge of the extent of those cases, at least, in which death was attributable
to hypertensive disease. The new category, Hypertensive Disease, includes cases certified as
primary hypertension, and also, except for coronary artery disease and angina pectoris, cases of
heart disease in which mention of hypertension appears on the certificate; it takes in cases of
arteriosclerotic kidney disease even without mention of hypertension.

Hypertensive diseases now include a much larger proportionof the deaths than the correspond-
ingcategory in the earlierList. Under the earlier Revision, the total death rate from hypertensive
disease was 1.3 per 100,000 in 1949. Application of the terms of the Sixth Revision to the same

of hypertension withar resulted in a rate of 67.3 per 100,000. The bulk of thesecases consisted of hypertec
per 100,000 as against 9.4 per 100,000 for cases with nomention ofheart disease.

Thirteen per cent of the total mortality from cardiovascular renal disease in 1949 was due
hypertensive disease as defined in the Sixth Revision, and 16 per cent of the total for diseases of
the heart was due to hypertensive heart disease. (Summarized from CurrentMortality Analysis,

al Office of Vital Statistics, U. S. PublicVol. 7, No. 12, March 23, 1950. Published by N
Healt tshington, D. C

inquiry would, ideally, involve the attempt to distinguish cases ofprimary,8 A t
or “essential” hypertension from those in which it is secondary to other pathologi
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Based on a review of a large portion 1 of the literature bearing on the
occurrence of hypertension and on variations in the average levels of
blood pressure, a discussion has been presented of divergent criteria for
distinguishing normal from abnormal pressures and of corresponding dif-
ferences of opinion as to their respective prevalence in the population.
The implications for investigative procedure in studies of this kind have
been suggested. A critical evaluation has been made of the adequacy of
the studies with respect to the aspects of blood pressure which were ex-
plored, the criteria used for their classification, and the samples on which
they were based. The need for statistically acceptable population sam-
ples, if results are to have the desired validity, has been emphasized.
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Dr. Palmer had the following to say about the relation of
everyday life to essential hypertension:

The Relation of Socio-Economic Environment and Patterns of
Living to Essential Hypertension in Man.

Environmental stress in animals may result in hypertension which may
continue after the stress has abated. Experimentally induced or spon-
taneous mental stress or conscious mental tension in man may be accom-
panied by elevation of the blood pressure. Acute situational stress in
man may be associated with hypertension and, when relieved, the eleva-
tion of the blood pressure abates.

Free enterprise and economic competition characteristic of our culture
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may produce conscious mental tension in individuals, some of whom have
elevations of the blood pressure.

I submit, therefore, that social and economic factors as reflected in
individuals may be participating causes in that large majority of patients
with continued arterial hypertension in which no primary physical de-
rangement of the body is found.

I will cite certain facts which I interpret as evidence for these state-
ments.

Repeated audiogenic stimuli in a large percentage of young rats pro-
duced hypertension after they were one year of age, particularly those
who had responded vigorously to the stimuli (1, 2). Responses were
characterized by midriasis and piloerection, though the blood pressure
was not determined at the time (3).

Anger, fear and deception, experimentally induced in normal man, cause
rises in the blood pressure, and certain pressor responses have been con-
sidered characteristic enough to be offered for the detectionof crime (4,5).
The conclusion of the earlier experimental psychologists was that the sys-
tolic blood pressure rose with general excitement (6). Twenty-three un-
seleeted healthy medical students, immediately before an examination,
interpreted as an anxious period, showed a 10 per cent elevation of the
mean arterial pressure as compared with the pressure 24 hours later (7).

Threatening circumstances may induce hypertension and/or vascular
hyper-reactivity. Ruskin et al (7) found a high incidence of cold pressor
responses and diastolic hjrpertension in the populace exposed to the
Texas City disaster, and they refer to some reports in the foreign literature
on hypertension in front line troops. Ehrstrom (8) reported the case of a
20-year-old airplane pilot who, having passed a physical examination six
months previously, suffered from headache and vertigo, was found to
have a reduced renal function, a blood pressure of 170/100, papilledema,
and constricted retinal blood vessels and hemorrhages. This developed
during war flying. After three weeks the retinal changes disappeared,
the blood pressure fell to 110/80, the renal function became normal. Re-
turn to duty not involving flying brought no return of the hypertension.
Six months later he returned to flying and after 100 hours’ flying time tl
blood pressure was found 160/115 to 140/110.

I take these observations to mean that (1) environmentalsensory stress
(painful noise) in normal animals, and (2) induced or naturally occurring
mental or psychic stress in normal or hypertensive man, may elevate the

observations on variations of the
interview in certain patients with

blood pressures. I will now record
blood pressure during psychosomatic
essential hypertension.

The first patient is a successful sales executive of 39. H
three years ago with a story of slightly elevated blood pressure two years
previously at a routine physical examination. At that time, five years

is electrocardiogram showed the so-called hypertensive patte:
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Neither at that time or before or since has he had symptoms referable to
the heart. Three and a half years ago he was refused life insurance be-
cause of a blood pressure of 160/112. When I first saw him three years
ago, his only symptoms were anxiety about his blood pressure. This man
had had a very successful college career both in academic and in extra-
curricular activities. During his last year in a western university, he had
been offered a career in his own university in the dean’s office which would
lead to the position of Dean of Men at his alma mater. At this time a
national merchandising organization came to him telling him that he had
been selected as one of a few promising young college men to join their
organization with a view to eventually becoming one of their top execu-
tives. The income offered and the prospect of increases was far greater
than the probable figures even in the administrative side of an academic
career. He joined the business organization and has become a very suc-
cessful retail merchandising manager. His steps up have been accom-
panied by recurrent choices presented to him about as follows: The first
of the year, after a few years in one position or in one territory, the presi-
dent or one of the senior executives would come to him and say, “As you
know, there are twelve of you fellows selected from different parts of the
country whom we expect to go places in our organization. You have done
a wonderful job in your territory. Now our business must be increased
in such and such a territory by so much each year in the next few years.
Do you think you can do it and will you try? This means a definite
step up in our organization for you in position and, of course, such and

each occasion the patient’s answer
much like to try it.” As the years
i of even grade became less and the
ame even better. When I saw him
New England territory, was work-

such an increase in your income.” On
was, “I believe I can and I would very
went by, the number of his competitors
prospects in position and in income bee
three years ago, he had just taken the
ing seven days a week without holid ay and doing very well. He was

ominence in the region of the left
and his electrocardiogram showed

omewhat overweight. There was pr
•entriele on X-ray study of his heart

the hypertensive pattern. His blood pressure was 180/120 with marked
variation. Ordinary medical treatment has been by a low calory, no
added salt diet, a brief trial of amytalhexanitrate but mostly by mild
sedation and finally by no medication with instructions to avoid fat and
add no salt to his food. In my opinion the most important part of his
treatment has been by interval interviews, at first in regard to his blood
pressure anxiety which regressed almost entirely, and finally, by inviting
his attention to the meaning of his work and his family and his own life
apart from that of his business. Finally he confined himself to a five-d
week of eight hours a day, adjusted himself to New England, and I
came justifiably enthusiastic about the considerable advantages of Bos-
ton and New England both as a place to work, a place to play, and as an
area with first-rate educational advantages. His blood pressure regressed
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to within normal limits a year ago. During the last year the recurrent
choice was again offered, and I was very pleased that for the first time
his answer was that he liked where he was living, his present job; and
since by this time there was only one competitor of even grade, he sug-
gested to the president that his colleague should have the new southwest
territory, and that, as for himself, he was going to stay in New England
and he was through with spending twenty-five days out of each month
flying around stirring up more sales. Just before Christmas of this year,
whether as a result of enhancing the prospect or of the dire consequences
ff not accepting the offer, I learned that he has moved to Atlanta.

This is what I call the executive stretchout.
My second observation is that of a 47-year-old insurance company ex-

ecutive who came with blood pressure anxiety and had a blood pressure
of 190-210/120. Two years previously his blood pressure was 140/80.
In the course of his few interviews, the level of the blood pressure, dis-
cussing indifferent subjects or favorable situations in respect to either his
blood pressure or his business situation, would be 140-150/90-100. On
discussing whether he, the patient, or one of his competitors in the office

was running his department, his blood pressure rose to 186/116. In this
patient, pressor responses at first occurred in regard to his blood pres-
sure and what might happen to him, but more and more occurred in re-
gard to the competitive situation at his office. For instance, on another
occasion basal reading was as low as 160/100, but on thinking of a cer-

tain person in the office and verbalizing his thoughts, “If I could get rid
of that one, two thirds of my job problem will be gone,” the blood pres-
sure was 190/118,

I do not wish to emphasize unduly the particular competitive situation
in the executive structure of large business organizations. For instance,
an assembly line factory worker whose job is strictly nine to five, five
days a week, with a good income thanks to intelligent management and/or
his union, finds the occasion of competition in his industrial community
in the location of his house, in its appearance and that of the yard around
it, and in order to keep it up has to engage in additional gainful occupa-
tion at night and on weekends. Another patient, a national maritime
union official, has a variable blood pressure and has pressor responses at
the mention of ship owners whom he holds responsible when he is turned
down for a job aboard ship because of his hypertension. What I mean tc
illustrate is that competition, either for cash income or position or pres-
tige, is one among many factors capable of increasing the level of the
blood pressure in patients with essential hypertension

My next point is that personality characteristics or character traits in
patients with essential hypertension as. judged by the patient himself
and by the observer suggests that adaptation in our free enterprise econ-

is a source of strain. The feature of a previously reported study (10‘
of 50 personalities with essential hypertension is similarity rather than
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diversity, uniformity rather than individuality. Originality, special ski
even special interests are conspicuous by their absence. Practicality, ob-
jectivity and adaptability are the chief characteristics. Most of them
had done their jobs well, often showing definitely better than average, a
few of them outstanding, aptitude,
hibited particularly well the very t
tion economy. Their personality c
with survival value in a cash cultu:

One might say that this group ex-
aits most prized in our mass produc-
laracteristics would seem to be those

This concentration on the object

the need for obvious success, doubtless is a result of training and edu
tion, and particularly of our general moral climate. The latter places a
premium on adaptability, conformity and adjustment. It is submitted
that the consequent suppression of individuality, originalit itive-
ness is a source of that psychic tension which may contribute t
hypertension. There is no evidence in this study or in thereports of quali-
fied observers that the personality is specific for hypertension. T 1
reason to suppose that the personality may be characteristic of our epoch
and that essential hypertension and some other disi
are symptomatic of our times. It is suggested, therefore, that etiology
as well as treatment of hypertension and some other diseases of civilized
man should be sought in the master organ of adaptation, the psvche, and
in an analysis of our tim

Finally, there is some reason to suppose that large bush
tions consciously employ a technique designed to keep alive the competi-

tive situation in their executive personnel. Again this is not regarded as
ipecific. The soil may contain specific factors in that constitu
:ptibility may determine which i has an ulcer, which arthritis, and

which hypertension. This is to poin out that socio-economic f
in the precipitation or aggravatinurees of strain and may particif

hypertension. I assume that physicians are not in a f
We are in a position to point them
these factors is in work with the in-

change the socio-economic factor
nut. Our best hope in treatment of
lividual in order to help him t mice

fully conscious
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.1 themselves to the subjectAll our consultants addre;
of what they and their collea
Much of their discussions w«

rues knew about hypertension
in highly technical languagee

that only the expert could follow. In some cases even coinedy

words were used
But all agreed that the real problem was i

erv of or the widespread use of palliatives, such as insulin
but how to help the individual avoid hyper-fo

tension. Contagious disease can be wiped out. So car
hypertension. This was the consensu

Informal discussions of some experts with the Commis
ion already have been reported. A list of technical rer

Definition of Hypertensive Disease (Essential Hyper-
ter

Criteria for Assessing Significant Deviation from Nc
M

9. Dunbar, F.: Psyohsomatic Diagnosis, New York. Paul B. Hoeber
Inc. 1944, page 572.

Dr. Goldrinc

Dr. Perei
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The Natural Course of Essential Hypertension in Man Dr. Evelyn
Causes of Essential Hypertension in Man: As Eluci-

dated by Physiological Investigation in Humans . Dr. Wilkin
Causes of Essential Hypertension in Man: As Eluci-

dated by Anatomico-pathological Investigation in
Humans .... Dr. Castleman

Dr. GrollmanElucidated by Animal Experimentation
The Evidence that Essential Hypertension is not

Single Disease Entity Dr. Schroeder
The Role of Endogenous and Exogenous Biochemical

Substances in Essential Hypertension in Man Dr. Pag
The Role of Injury, Infection or Prej ;nancy in initi-

ating or increasing the Severity of Essential Hyj
tension in Man Dr. Thomas

The Influence of Physical and Occupational Environ-
ment on Essential Hypertension in Man . Dr. Goldwater
ychogenic Influences as initiating and sustaining
Factors in Essential Hypertension in Man Dr. Binger

The Phenomenon of Stress in Relation to Essential
Hypertension in Man Dr. de Takats

Hereditary and ConstitutionalFactors: Specific Men-
delian Trait or Non-Specific Predisposition? Dr. Ayman

The Phenomenon of Hyper-reactivity: Definition
and Illustration Dr. Robertson

The Significance of Hyper-reactivity in the Natura
History of Essential Hypertension in Man Dr. Hines

The Effect of Extensive Sympathectomy upon Blooc
Pressure Responses and Levels ....

Dr. Whitelaw
The Role of the Sympathetic Nervous System in I

sential Hypertension in Man .... Dr. Smithwick

The consensus of our con
study should be undertaken.

sultants was that a long-range
Such a study was outlined by

Drs. Clark, Merton and Morsell in the following wo

This is a modest proposal for co-operative research. The proposed in-
stigation is founded upon the epidemiologic approach, which viev

disease as a process compounded of three interacting elements; causative
and inciting agents, human response nvironmental circumstanc
Since the epidemiologic conception requires that man as a member o;

iciety and man as an individual organism both be studied, such research
by enlisting the resouIs best by enlisting the resources of discipl

ialized in ts. The need
for this co-operation and the nature the respective contributions of
the several disciplines will becomeae apparent in the course of this presen-

tation
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OIUF.CTIVES OF A COMMUNITY STUDY.

A community study is here regarded as the collection and analysis of
information obtained through systematic interviews with aggregations
of people such as are to be found most readily in a community a rural
area, a town or city, or a part of a city. We would undertake to examine
the degree of association between the levels of blood pressure, on the one
hand, and a variety of personal and environmental factors commonly
held to be etiologically significant, on the other. By studying such fac-
tors as they appear among the population of a community, we would

have characterized much of thehope to avoid the deficiencies whicl
previous effort along these lines.

example, have been described atMost of the factors to be studied, f
one time or another in the literature on the occurrence of hypertension.
But with few exceptions, the research procedures adopted in these studies
have been such that results could not be stated with any high degree of
assurance. Sometimes this has been due to lack of an unbiassed sample:
special populations, such as prison inmates, hospital admissions, college
students, and insurance policy holders have provided the sample base
for numerous conclusions (often conflicting) regarding the role of age,
sex, weight, height, heredity, personality and conditions of life in the
etiology of hypertension. These conclusions are inevitably subject to
question on the ground that they do not stem from the study of repre-
sentative samples. These studies have also been limited because they
have not ordinarily taken into account enough variables at one time, so
that possibly interrelated factors were not controlled. For instance, it
has been reported that height differences are correlated with differential
occurrence of hypertension, and again, that weight differences are sim-
ilarly correlated; but the effect of weight at different levels of height has
not always been analyzed. And assuming either or both to be etiologically
significant, could this mean that an alleged hereditary tendency to hyper-
tension actually reflects the inheritance of certain combinations of weight
and height?

The proposed study would assure the representativeness of the test
sample by the application of appropriate methods of population sampling
in a community of appropriate size and functional diversity. The test
items would include most of the personal and environmental elements
which there is reason to believe are associated with the development of
hypertension, and this association would be analyzed under conditions in
which some related factors were kept constant. The number of indi-
viduals included in the study would be set at a figure large enough to
permit this type of analysis with confidence in the statistical reliability
of the results.

This research would be primarily concerned with the relationships
between selected factors and the levels of blood pressure based on ob-
servations over suitably long periods of time, but it could also serve an-
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other purpose. This secondary objective would not interfere with the
chief objective, but it would impose certain requirements on the sampling
procedure. It would enable the determination of hypertension prevalence
levels in the particular population under study. If only one population
is studied, this information would be chiefly of historical interest, except
as it underlined the public health significance of the hypertension problem
in the selected locality. It would become highly important, however, if
this type of study is extended to other localities and regions; in this
event, the influence of local and regional differences could be ascertained
by comparison of prevalence rates in different places. It goes without
saying that, if comparative studies are to be undertaken, it would be
highly desirable to formulate present plans with this prospect in mind;
to proceed comparatively after a single locality has been chosen and
studied might be especially difficult, since subsequent sites would have to
be similar to the first one in certain basic characteristics of population and
social organization. Selection of several places at the same time would
greatly facilitate this matching of types of community.

Definition of the Teems of the Study

There are several specific problems to be solved in defining the data
that are to be collected and in constructing the necessary measures and
indices. We shall have to recognize that final decisions on some of these
matters are not feasible in advance of field trials; in others, previous ex-
perience may be an adequate guide. At this time, we note two basic
problems of this kind: first, the choice of a satisfactory criterion for hy-
pertension appropriate for field study; second, the development of in-
dices or measures of the factors which may prove to be associated with
hypertension. The first of these is a medical problem and certain con-
siderations based on earlier efforts deserve notice at this point.

There are three ways in which the criterion of hypertension may be
approached for the purpose of this study. In the first, blood pressure
readings are taken, and the average pressures of groups differing in one
or another characteristic are compared; thus, for example, persons in
different weight groups might be compared to see whether weight differ-
ences are associated with differences in the average level of blood pressure.
When this is done for all the characteristics which have been measured,
the results would indicate differential tendencies to elevated pressure
among a variety of population groups. The differential occurrence of
hypertension, however, would remain inferential, the inference being that
groups with higher average pressures would include more hypertensives.

The second and third methods do not exclude the first, but require
agreement on a distinction between normal and abnormal especially
abnormally high pressures. Having once decided upon the levels of
pressure to be classified as hypertensive, the procedure would be to com-
pare proportions df hypertensives among the various groups or aggrega-
tions. This affords results more directly consistent with our objectives,
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but it also involves a perennial problem; where can a valid and accept-
able line be drawn between normal and abnormal levels? Since it is not
possible to correlate the blood pressure readings with the pathologic proces;
in living subjects (except in late symptomatic stages), previous studies
have often made use of indirect criteria. For example, Robinson and
Brucer, in a series of studies, took as the hypertensive lower limit the
level at which there is a significant increase in mortality experience as
reported in life insurance data; but this has the disadvantage of disre-
garding the great variability of blood pressure readings, as well as the
assumed gradual increase with age. Another method (adopted by Mas-
ter, Dublin and Marks) has been to use a statistical definition in which the
normal range is regarded as including 80 per cent of the cases under the
distribution curve (which approximates the normal curve), 40 per cent on
either side of the mean. The range of 5 per cent at the upper and lower
ends (more than two sigmas from the mean) is considered definitely ab-
normal, with the intervening pressures borderline. This is, of course
arbitrary, but so must any method be in our present state of knowledge,
since a sharp dividing line between normal and clearly abnormal pressures
does not exist. It would seem preferable for this study to adopt the sta
tistical type of definition, which is more flexible, takes greater account of
age variations, and is less likely to stigmatize large segments of the popu-
lation. The symposium discussion of this item, and the Review Panel’s
recommendations, must guide the final decisions in this matter.

The Test Factors. It may be convenient, for purposes of discussion,
to divide the test factors into two classes, one of which deals with physical
and psychological characteristics of the subjects (the so-called ‘'psycho-
biologic” attributes), while the other deals with sociological, especially
demographic, characteristics (the term “biosocial” is sometimes used in
the medical literature to refer to these items). Under the “psycho-
biologic” heading would come anthropometric measures, such as height
and weight; there would be value also in some index of body build
(somatotype), but its inclusion would greatly extend the time of the ex-
amination and would therefore have to be evaluated in relation to other,
more essential, data. Information about possible hereditary tendencies
would be another important item in this class of factors; special attention
will be needed to meet the interviewing problems involved in getting re-
liable data of this kind. Clinical records on parents and other relatives are
not always available, and the subject’s testimony may be incomplete or
inaccurate. Hypertensives, for example, may be more likely than non-
hypertensives to detect or to report evidence of hypertensive disease in
their parents or grandparents. The study should therefore attempt to
detect and control the influence of selective or distorted memory in the
subject’s account of the hypertension of his relatives. An appraisal of

ipects of personality in some form or other would be highly useful. If
it is not practical to obtain a complete personality profile, there is much
in the psychosomatic medical literature that could guide us in formulating
questions which might help clarify the relationships, if any, between per-
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sonality type and the development of hypertension. To the extent al-
lowed by practical limits, other personal and developmental data would
be sought.

The second group of items the “biosocial” would include the in-
dividual’s age, sex, racial and ethnic origin. (These items could, of course,
be just as logically listed above; but custom has long treated them as
demographic variables, and its seems more natural, therefore, to list them
here.) Detailed data on the occupation of subjects are needed, covering
the actual work operation, the hours and conditions of work, the exposure
to toxic substances, as well as the social pressures and conflicts involved
in the job. Respondents should also be rated according to some reason-
ably adequate scale of socio-economic status. Either by special analysis
of these data, or by developing suitable indices for “mode of life,” we
should undertake to evaluate, at least in part, the degree of stress to
which man is subject in his life situation.

Illustration (1). —On the basis of alleged absence of hypertension
among African aboriginals, and of its presumed high prevalence among
American Negroes, theories have been advanced attributing the differ-
ence to differences in climate, diet, prevalence of obesity (allegedly greater
in American Negro), greater incidence of syphilis in American Negro. It
has also been suggested that the demands made upon the Negro by his
peculiar social role are more than he can constitutionally cope with in
Ms effort to adopt the living patterns of “the” white American. The
study might, therefore, attempt to evaluate some aspects of the relative
burdens imposed by racial position (perhaps among differently ordered
subdivisions of a Negro group), and to test their association with the oc-
currence of hypertension.

Illustration (2). Intensive study of relatively few subjects in different
occupations might be sufficient to indicate the comparative amounts of
stress attendant upon these aspects of daily work. It is a popular notion
that hypertension is typically the disease of the fast-paced, hard-driving
executive.

Assuming, for example, that this type of correlation should be obtained,
the study would extend beyond the evidence of association and into the
appraisal of the factors which produce the correlation. The additional
material needed to round out a description of the sample (and of analyt-
ical importance also) would include education, marital status and family
relationships, health habits, military service, patterns of friendship rela-
tions, and the like.

Special Technical CONSIDERATIOI

These chiefly concern the clinical portions of the survey, and again the
decisions are medical in character. The major technical problem is the
matter of the blood pressure readings themselves; there are issues here of
both procedure and personnel. A single reading under the kind of condi-
tion that usually prevails in the physician’s office or the clinic will be of
no value for this study. To expend painstaking care and lengthy thought
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upon the other items in the study, and then be content with a very limited
number of the ordinary casual determinations of blood pressure, would be
misguided labor. In one way or another, some means for obtaining so-
called “basal” or mean basal reading Id be sought that is at

to administer. If either must bethe same time simple and convenient
sacrificed, we have no alternative but t ■rifice convenience, even though

may be cumbithe procedure required to get the so-
some, time-consuming and expensive

This also entails the decision: whi

Asa

iis to take the readings? If there is
ime investigators, who assign bloodvirtue in the policy employed by

lined lay assistants because of the
physician’s presence, the likelihood
enough doctors to do the job is not

pressure measurement to specially t
emotional stimulus often exerted by
that the study location will not affon
a misfortune. On the other hand, it us that the study cannot be

lucted if it encounters the hostility of physicians because;fu

it proposes to train laymen to d< the readings. Physicians’ attitudes
undergoing modification; the use of
il clinical procedures, including pres-
by the American Medical Association
sure of work on the busy clinician.
9481: editorial, “Streamlining Health

toward this question seem to be
specially trained lay help in sevei

sure readings, has been advocated
the pre

I. A. M. A.. 137, 3:224 [Ma
;cial training will be needed to achieve
istration of whatever tests are decided

Examinations.”) In any event
formitv in the admit

upon

In addition to the blood pressure readings, it is highly desirable that
the study provide a basis for testing hypotheses about the significance o!

yper-reactivity. A number of individuals will be found to be hyper-
reactors. These will be re-examined from time to time, together with
those originally not so classified, to determine whether the abnormal re-
sponses do in fact presage the development of hypertension. Here, again,
the need is for a test which is (or can readily be) standardized and which
can be easily and quickly administered.

Unless other suggestions are forthcoming from this symposium, it is
believed that tests other than these would be aimed chiefly at assessing
the presence and extent of cardiovascular or renal damage. These would
be diagnostic, would require extensive laboratory procedures, and would
be inappropriate to a study of the magnitude contemplated in this project.
Every effort must be made to minimize “hypertensive phobia;” yet, at
the same time, subjects requiring more thorough examination should not

k

Plan of the Study

A study of the kind we have briefly described would be large, but by
no means as extensive as will eventually be called for if conclusive answers
to our questions are ever to be obtained. The present study is conceived
as a pioneer study, yielding valuable results in its own right and pointing
the way to application of similar methods on a wider scale.
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The Choice of Community. The community selected as the site of the
study should have the following characteristics, at the very least:

1. It should be large enough to include a varied population, especially
racially.

2. It should support a variety of occupations (it should not be a single-
industry town, for example).

3. It should possess medical facilities in reasonable conformity with
standards of adequacy as set by the United States Public Health Service.

4. It should be small enough to make area sampling as “manageable”
as possible.

5. It should not be so far from the seat of direction as to introduce
special administrative and communication problems.

6. It would be an advantage if foreign-language populations could be
avoided, since there would otherwise be added difficulties in the interpre-
tation and administration of test procedures.

Size and Composition of the Sample. —■ It is proposed that the study
sample consist of several thousand families, drawnfrom the population of
the selected community. The sample would take note of differences in
family size, and would include a due proportion of unattached individuals,
or “single-member families.” Sampling of family units, to be sure, intro-
duces complications which would not be encountered in taking a sample
of individuals only. On the other hand, it has special advantages for our
purposes, among which we need mention only the opportunity it affords
for testing hypotheses of hereditary influence. It is also quite possible
that people may be persuaded to participate more easily on a family
basis than if they were sought singly. Much can be learned from the ex-
perience of federal agencies in family sampling and from such investiga-
tions as thoseby Johns Hopkins University School of Hygiene and Public
Health in the Eastern Health District of Baltimore.

Age representation is important, perhaps the single most important
demographic characteristic. There should be Negro component of suffi-
cient size to be analyzed thoroughly; overweighting of the Negro sample
may be resorted to, with compensatory weighting of whites in the course
of tabulations. If correct information on prevalence in the locality of the
study is an object, the preferred method will be area sampling; if this is
not important, any method which will ensure adequate numerical repre-
sentation of family composition, and/or of race and age groups will be
sufficient.

The Test Procedures. There will almost certainly have to be two, and
perhaps three, initial interviews, including the clinical session. The first
may consist in part of persuading the subject to participate, but it should
also yield most of the basic personal and biographical data; the second
would be the clinical session, where a medical history would be takenand
where blood pressure readings and other tests would be conducted; the
third might be devoted to psychological explorations in an attempt to
reach some kind of personality rating. We cannot emphasize too strongly
here the importance of allowing adequate time and money for experimen-
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tation with alternative procedures. Among the possibilities that might
be tried out would be that of conducting the test procedures at home, in-
stead of requiring respondents to journey to some central place. Or,
private doctors’ offices might be used to serve subjects in the vicinity.
Some consideration might have to be given to the provision of special
inducements to obtain the co-operation of subjects. The duration of the
study and the frequency of the examination is another item that needs
the advice of this symposium.

Although the purpose of the study would not be case-finding, it is
likely that some cases will be turned up in which the clinical tests will in-
dicate the need for further diagnosis. Procedures should be worked out
in advance so that these cases can be referred quickly and efficiently to
further medical attention. Closely related to this consideration is the im-
portant one of guarding against unfortunate reactions by subjects to the
actual or fancied results of tests; this is largely a matter of technique and
the atmosphere and content of the interviews.

The Personnel. This study presupposes close collaboration in every
phase planning, field operations and analysis between medically
trained and sociologically trained personnel. Directing the study will
clearly be a full-time assignment; whether it will be possible to obtain a
clinician of suitable experience to devote full time to directorial respon-
sibility for the period of years that would be needed is hard to say. Per-
haps the most practical arrangement would be one in which the burden
of direction would be the joint responsibility of a working committee of
physicians and social scientists.

Below this level, the study would engage executive assistants, young
physicians, analysts, interviewers and technical assistants, on various
levels. If more than rudimentary attempts are to be made to include
personality variables, there will be a need for psychiatrists and clinical
psychologists to administer and interpret psychological materials.

Since that time our staff of experts, aided by the advice
and guidance of our long list of consultants, has been hard
at work formulating a plan for such a study.

They have solved many problems which those most versed
in the field did not anticipate. They have surmounted many
obstacles of whose existence the most informed were not
aware.

Finally, after months of hard work, field study and re-
search under the Commission’s direction, they have pre-
pared a program which, if carried out, will solve the age-old
problem of a little understood ailment that, in the words of
one outstanding authority, is “the most serious disease this
country faces today.”

Their detailed and documented report follow
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A PROGRAM OF PLANNING AND RESEARCH IN
THE EPIDEMIOLOGY OF ESSENTIAL HYPER-
TENSION.

The Commission in 1950 enlisted the co-operation of the
Division of Epidemiology, School ofPublic Health, Columbia
University. The Division of Epidemiology, realizing the
possible contributions of the sociologist to research on human
populations, called upon the University’s Bureau of Applied
Social Research to serve as a partner in the enterprise.

The co-operative unit thus formed undertook as its initial
task the fulfillment of the requirements of the first step in
an organized epidemiologic approach 1 to studies of this
kind: the definition of the nature and significance of the
problem and a clarification of objectives. This required,
first, an evaluation of the need and feasibility of conducting-
epidemiologic inquiries into the natural history of hyper-
tension in man. To assist in this evaluation three inter-
related activities were begun almost simultaneously: one, a
review of the literature on incidence, prevalence, trend and
other epidemiologic features of hypertension was made;
two, a punched-card cross reference file of the world litera-
ture on blood pressure was made for staff use; three, plans
were formulated for organizing and conducting a symposium
on the epidemiology of hypertension similar to one held on
the Epidemiology of Mental Disorders (Milbank Memorial
Fund).

The initial review of the literature on incidence and
prevalence completed in 1950 (4) revealed the following:
(a) there are no consistent standards of blood pressure
measurement; (6) there are no uniform criteria for defin-

INTRODUCTION.

1 The publications, reports, and working papers produced by the project and reporting its
results in detail are listed on page 84. See references VI, VII and VIII for details of steps of
epidemiologic approach. Hereafter, references listed are indicated in the text by the appropriate
number, for example, (4).
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ing hypertension; (c) none of the existing studies is based
on a scientific sample of the population of the country or
suitable subdivision of it; and (d) although various studies
leave no doubt that hypertension is a health problem of
great magnitude which varies according to age, sex and
race, they do not answer the question as to the exact extent
of the problem.

The cross reference file intended to provide a practical
tool for organizing, reviewing and appraising the vast litera-
ture on hypertension, comprised more than 19,000 titles on
the subject (1920-1950) classified according to various agent,
host and environmental factors.

The review and the file, completed during 1950, were
both helpful in the organization of the symposium which
was planned to provide a comprehensive review of what
was then known about the natural history of essential
hypertension, and, in part, to obtain the counsel of experts
on the idea of conducting a study or series of studies on the
natural history of the disorder. It was held in Boston on
February 1 through 3, 1951, and was attended by an inter-
disciplinary group of 36 scientists selected to include leading
workers in several fields who were interested in hypertension.
The proceedings of this symposium were subsequently
edited by us and published in a volume issued by the Com-
monwealth of Massachusetts (5).

The reference file, on exhibit at the symposium, was
thought to be of sufficient value to warrant its publication
and wide circulation. Therefore, much of 1951 and early
1952 was utilized by the Columbia group in reorganizing
this file for publication in three volumes, one consisting of
abstracts of 1,500 articles on certain epidemiologic aspects
of hypertension. These wr ere published early in 1952 (6).

These three activities the review', the symposium and
the bibliography led substantially to the same conclusions.
First, they reinforced the Commission’s decision to focus a
large part of its program on research directed to an improved
understanding of the natural history of essential hyperten-
sion. At the same time, however, they pointed up the
complexities of conducting fruitful research in this area.
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The symposium participants, for example, while agreed on
the need for a long-term epidemiologic investigation of the
natural history of essential hypertension, were insistent on
the need for further evaluation and a preliminary period of
planning and experimentation to be devoted to resolving
the substantive and methodological difficulties which such
an investigation would involve.

On the basis of these conclusions, the Columbia staff, in
June, 1952, formulated a proposal for a program of planning
and research whose final product would be a detailed design
for a long-term epidemiologic study of the natural history
of essential hypertension (7). This report is devoted to
presenting the results of the work which has been done
under these auspices at Columbia, which to date has resulted
in: (a) the publication of one book (5), a three-volume
bibliography, partially annotated (6), and three scientific
papers (4, 8, 9); (b ) the presentation of three papers given
by invitation at scientific meetings (2, 3, 14); the prepara-
tion of six papers which have been accepted for publication
in the “Journal of Chronic Diseases” (1, 10, 11, 12, 13, 14);
and the preparation of two working papers included as
Appendices B and C of this report (15, 16).

The report is divided into four sections. Section I, which
follows, outlines the objectives of the Columbia program
and presents the rationale for a long-term study. Section
II describes the requirements for such a study, and Section
111 outlines the activities and accomplishments of the
Columbia staff in satisfying these requirements. Section
IV sets forth the additional steps recommended before
proceeding with the long-term project.

The Columbia staff recognizes that it has not fully accom-
plished all that it set out to do. The initial expectation that
the objective of designing a long-term study would be
satisfied within a two-year period has not been realized,
and, in fact, even after a three-year period there are still a
number of problems to be resolved before a feasible study
design can be consummated. It had been assumed initially
that the answers to most, if not all, of the substantive and
methodological problems involved could be found in the
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literature. The answers were often not to be found, and this
added materially to the size and scope of the task, enlarging
it, in fact, to the point where it could not be accomplished
with the available material and resources. Nevertheless,
considerable progress has been made, as it is hoped this
report will illustrate, and it is fair to say that the faith ex-
pressed in the idea of a long-term study has been justified
and that it is nearer to realization than it would otherwise
have been without these efforts.

Briefly stated, the objective of the program is to produce
a detailed design for a long-term epidemiologic study of the
natural history of essential hypertension. Through such a
study it is hoped to (a) develop a set of standardized criteria
to aid in the diagnosis of essential hypertension; (b) to iso-
late, identify and evaluate the factors which are instrumental
in bringing about the condition known as essential hyper-
tension ; and (c) to produce procedures for the prevention of
this particular disorder in man.

The long-term study is conceived as continuing over a
period of twenty years or more; as being conducted on a
large number of families selected by the application of appro-
priate methods of population sampling in a suitable com-
munity or communities; and as utilizing a multi-phasic
approach. The decision to conceive of the study in these
terms was motivated by the following considerations.

The desirability of continuing the study over an extended
period of time derives, of course, from the nature of essential
hypertension itself. This is a chronic disease whose course
from onset to equilibrium, defect, disability or death may
range from a few months to a lifetime. Knowledge of its
natural history, which can only be obtained through repeated
appropriate observations over time, is crucial to establishing
criteria for its early identification and for discovering the
conditions under which it originates and develops.

The long-term conception of the study is supported by
another consideration as well, however. A longitudinal study

I. Objectives and Rationale of the Program.
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is necessary to cope with the interaction of variables through
time. It is not known, of course, whether essential hyper-
tension is a single or multiple disease entity, nor is it known
whether it is caused by a single variable, by a combination
of variables operating simultaneously, or by a combination
of variables operating sequentially. All of the evidence
which has been accumulated, however, suggests that more
than one variable is involved, and in turn, that these prob-
ably contribute in some sequential Avay to the onset and
development of the disorder. The interrelationship of these
variables can only be discerned from observations made
repeatedly over a relatively long period of time.

The conception of the study as being conducted on a repre-
sentative sample of the population, rather than on a clinical
or laboratory population, derives from somewhat different
reasoning. Underlying much of the uncertainty about the
reliability and validity of past research on the occurrence of
essential hypertension is the frequent use in such research
of biased samples. Special samples, such as prison inmates,
college students, hospital and clinic patients, insurance
policyholders and the like, have provided the sample base
for numerous conclusions (often conflicting) about the role
of sex, age, weight, height, heredity, personality and condi-
tions of life in the etiology of hypertension. The use of a
representative sample of the population precludes a bias of
this kind from adversely affecting the reliability and validity
of the results.

Finally, as mentioned above, it is also planned that the
itudy utilize a multi-phasic approach. This means that

data would be collected on not one or several, but on the
whole range of variables now thought to be significant to the
onset and development of essential hypertension. The inten-
tion here is to overcome a limitation of many studies which
fail to take enough variables into account at one time, so
that possibly interrelated factors cannot be controlled nor
accounted for. Much current research on hypertension
focuses on one group of variables at a time. (For example,
these may be bio-chemical variables, physiological, nutri-
tional or psychological variables.) Yet the prevailing opinion
seems to be that multiple causation is involved which can
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only be understood completely from a multi-phasic point
of view.

The objectives and rationale for a long-term study emerged
clearly from the results of the review, the symposium and
the bibliographic activity. It was evident from the outset,
however, that the translation of the idea for such a study
into a workable research design was going to be a formidable
task. In planning its work program, the staff at Columbia,
in consultation with the members of the Recess Commission
on Hypertension, set down five broad requirements (or
problems) to be met before an effective design for a long-
term stud}- could be developed. These requirements are
identified and discussed below; a report on the work done

ying them is presented in theand progress achieved in sat
section which follows;

A. The development of a standar
ment for study use.

method of blood pressure measure-

B. The evaluation of the phenomenon of vascular hyper-reactivity and
its relevance for a long-term study.

C. The determination of the data necessary to an explanation of the
course of essential hypertension (or, stated in another way, the for-
mulation of the hypotheses to be tested in a long-term study).

D. The development and testing of the research procedures needed to
collect the pertinent data.

E. The determination of the size and nature of the sample and the ad-
ministrative conditions under which a long-term study would be
conducted.

V. Blood Pressure Measurement.
It is obvious that a long-term study to be devoted to the

examination of the natural history of essential hypertension
must provide for a means for identifying the onset of the
disorder and for observing its development. However,
there does not exist a uniform set of criteria for identifying
early essential hypertension. A person is assumed to have
it if he exhibits a significant, persistent elevation of the
systemic blood pressure and fails to demonstrate the presence
of anv of the known causes of secondary hypertension.

11. The Requirements for a Long-Term Study.
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However, the definition of what constitutes a significant and
persistent elevation of the systemic blood pressure is likely
to vary from physician to physician. In addition, of course,
even a rigid definition of significant and persistent would
not solve the problem of identifying the disorder at its onset.

As conceived, a long-term study offers an opportunity to
develop a set of criteria for identifying early essential
hypertension, for the reasons that it would provide a con-
tinuous record of the blood pressure and attendant condi-
tions of the sample population comprising alternately both
hypertensives and non-hypertensives. These records, when
examined retrospectively (with the knowledge, however, of
the individuals’ later blood pressure history in mind),
should represent the kind of information necessary for de-
veloping criteria for diagnosing the onset of the disorder.
However, this raises the corollary question as to how and
under what conditions blood pressure measurements should
be taken in the long-term study. The answer to this ques-
tion represents the first requirement to which the Columbia
staff gave its attention.

B. The Phenomenon of Hyper-reactivity.

The second requirement bears on the phenomenon of
hyper-reactivity and its possible relevance for a long-term
study. Should some measure of hyper-reactivity be incor-
porated in the study design, and if so, what method of
measurement should be adopted? This subject was singled
out at the beginning because of its particular interest to the
symposium participants. Its incorporation as a specific
item in the work program was motivated by some evidence
that hypertension develops more frequently in individuals
who hyper-react than it does in those who do not show such
hyper-reactivity. Hyper-reactivity, therefore, may possibly
be a forerunner and early symptom of hypertension. 1

The third requirement is to specify the other substantive
hypotheses to be tested, and to decide upon the data to be

C. The Data to be Collected.

Or, of course, it may be an associated phenomenon of the disorder in some Individuals only
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collected to permit their being tested. This means, in
effect, selecting from the wide range of extant hypotheses
about the relationship between different variables and the
etiology of essential hypertension those which warrant fur-
ther examination in a long-term study and which can be
suitably tested in such an inquiry.

The Columbia staff is insistent that in keeping with
scientific methodology, hypothesis formulation be carried
as far as possible before a long-term study is actually begun.
It is recognized, of course, that additional hypotheses will
appear in the course of the study itself, and also that the
design should be kept sufficiently flexible to allow for fol-
lowing up new leads as the study progresses. Nevertheless,
to maximize the contributions of the study, it is considered
absolutely essential that, wherever possible, testing of the
already extant hypotheses which might conceivably help to
explain the etiology of essential hypertension be incorporated
in the design at the outset.

D. Development and Testing of Research Methods.
This requirement follows from the previous one. Once

final decisions have been reached as to what data are to be
collected, the methods of collection must then be decided
upon. It is recognized, of course, that the compilation of
certain kinds of data will present no serious measurement
problem whatsoever, for example, data on age, sex and
race. In other cases, however, there will arise difficult
problems of adapting procedures developed in the labora-
tory and clinic to field conditions.

E. Determination of the Sample and Administrative
Conditions.

The final requirement inherent in part in each of the
aforementioned requirements is the determination of the
exact nature of the population sample to be studied, the
establishment of procedures for securing co-operation from
the participants, and the specification of the administrative
conditions under which the study should be conducted.
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111. The Satisfaction of the Requirement
(A report on the work and accomplishment of the staff.)

In the previous section, the basic requirements of a long-
term study of the natural history of essential hypertension
were outlined briefly. In effect, these requirements repre-
sent the steps to be taken preliminary to the construction
of the research design itself. The present section is devoted
to summarizing the progress achieved in meeting these re-
quirements and in designing the long-term study; more
detailed documentation can be found in the papers published
and those to be published (see references on page 84).

V. Blood Pressure Measurement.

With respect to the general problem of deciding what
kind of blood pressure measurements are appropriate to
meeting the special needs of a long-term study, the Columbia
staff devoted its energies to seeking answers to three basic
questions:

1. How should the blood pressure be measured con-
sistently under the special field conditions of a long-term
study? Should it be taken with the subject in a lying,
standing, and/or sitting position; should it be taken before
breakfast, after breakfast, and/or some other time of the
day; should a casual and/or basal reading be taken; how
should the basal reading be defined; who should take the
measurement: where should it be taken?

2. What type and frequency of measurements are re-
quired in order to obtain a comprehensive and representa-
tive picture of the state of a subject’s blood pressure at each
time of observation? Is it sufficient to consider only a single
or average level of blood pressure, or should its variability
be ascertained as well? In other words, what knowledge
about the subject’s blood pressure is required at each
observation to insure that variations from one observation
to another can be accurately evaluated?

3. What should be the length of time between observa-
tions? Would it be sufficient to make observations once a
year or should they be made more or perhaps less often?
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The discussion which follows briefly reports tire work done
to obtain answers to each of these questions and the results
achieved. The unpublished staff working paper prepared on
problems of blood pressure measurement is to be found on
page 87.

1. The Conditions of Blood Pressure Measurement. With
respect to the several components of the first question, that
pertaining to the conditions under which blood pressure
measurements should be made, the first step undertaken was
to review and evaluate the extensive literature on blood
pressure measurement to locate reports of research or even
some consensus of opinion as to how this question might be
answered. While an abundance of evidence was found, it
turned out to be neither comprehensive nor always con-
firmatory. Stated very succinctly, here is the gist of what
was found; the details are included in the working paper,
page 87.

There is agreement that blood pressure measurement
ary according to whether the subject is in a sitting

landing, or lying position. There is disagreement,
however, about which position consistently conditions

higher and which a lower reading
There exists some disagreement as to whether or not

measurements differ depending upon whether they are
made on the right or left arm.

There is agreement that blood pressure measurements
ill vary according to the size of the sphygmomanometer

to what cuff size provides thecuff and disagreement a
most accurate readings.

There is disagreement as to whether a casual or basal
the “usual” or

nt blood pressure a dis-
measurement more tru

imore common or sigr

aunded by a lack of consensus
basal measurement.

agreement which is conf
at constitutes a

rally recognized that the blood pressure
ties throughout the day, but there is no substantial
idence on which to base a decision as to when during

the day the blood pressure might be measured most
appropriately for comparative purposes.
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There are no extensive experimental data which re-
port differences in blood pressure measurements ob-
tained according to the observer. However, there ap-
pears to be a consensus of opinion that whether the
observer is a doctor, nurse, orderly or technician makes
a difference in measurements because of the different
psychic effect they have on the patient. Self-measure-
ment by the subject has been examined, though no
conclusive evidence has as yet been developed to indi-
cate how such measurements compare with those taken
by different observers.

There is some evidence to the effect that where the
blood pressure is measured has an effect on the reading.
Readings taken in a clinic setting were found in one
study to be higher than those taken at the subjects’
homes, particularly among those who were diagnosed
as having hypertension.

Evidence of this kind supports a conclusion that the con-
ditions under which the blood pressure is measured do exert
an influence on the results obtained. At the same time,
however, the evidence, even where it is confirmed, does not
provide a basis for reaching an informed judgment as to
what particular readings produce the most accurate and
consistent results. The recommended standard procedures
for taking and recording blood pressure leadings in man,
formulated in 1939 by the American Heart Association and
the Cardiac Society of Great Britain and Ireland, and re-
vised in 1951 by committees functioning under the auspices
of the Council for High Blood Pressure Research of the
Scientific Council of the American Heart Association, are
not particularly helpful, since they omit reference to such
conditions as the time of the day, right or left arm, the
observer, and the location, and to the “casual-basal” prob-
lem. However, their standard procedures do include rec-
ommendations concerning the use of the sphygmomanometer
itself, cuff size and the position of the arm and the subject
which might reasonably be adopted for use in a long-term
studv.

For the most part, however, the literature review failed
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to establish a basis for deciding what the conditions of blood
pressure measurement in the long-term study should be.
The possibility of instituting a series of experimental studies
designed to provide answers to the still unanswered ques-
tions was considered, but this would have involved an ex-
penditure of funds on this one topic considerably beyond the
resources available for the entire enterprise. Instead, it was
decided, after some deliberation, to canvass the symposium
participants for their expert opinion on the still open ques-
tions. Accordingly, a questionnaire was formulated and
addressed to them with a covering letter explaining the
purpose of the inquiry and requesting their co-operation.
The results of this activity are reported in detail in the
working paper beginning on page 87, the highlights fol-
low.

In general, the results failed to reveal a consensus of
opinion among these experts as to the most appropriate con
litions of blood pressure measurement for a long-term study
It turned out, in fact, that the twenty respondents to the
questionnaire advocated about twenty different systems of
blood pressure measurement. The diversity of their opinion;
as to the patient’s position when the measurement is taken

to the best time of dav to take the measurement, as to the
relative validity' of casual and basal measurements, and as
to the definition of a basal reading, led to a conclusion that

lard technique with which heach investigator uses a st
has become familiar and which he has adopted for his own
use. In general, therefore, the results of this survey of
expert opinion provided no more of an answer than the re-

Ie literature to the questions under investigation
However, the positive point was made that the way in which
the blood pressure is taken is perhaps not as important as
that it be taken in a uniform way. There was more or less
agreement that measurements taken in a uniform way over
an extended period of time will permit variations in blood
pressure to be reliably identified and interpreted.

This latter proposition seemed to offer a practical solution
to the question of how to decide upon the conditions of blood
pressure measurement to be adopted for a long-term study.
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However, as it turns out, the matter becomes more com-
plicated because of certain difficulties which arise when the
second question under consideration is juxtaposed against
the first.

2. The Representativeness of the Blood Pressure Measure-
ment. The second question, it will be recalled, pertains to
the kind of measurements needed to provide a compre-
hensive and representative picture of the state of the sub-
ject’s blood pressure at the time of any given observation.
This question confounds the entire problem of blood pressure
measurement for a long-term study for the following reason.
It recognizes that the blood pressure is a variable and not a
static phenomenon even under ordinary day to day con-
ditions. It is well known that the blood pressure varies
throughout the day and from day to day. It is also known
that the degree of variation is not the same for all persons,

what its significance may be is
less, the very fact that it is so
rative in a long-term study to

though why this should be ox
not entirely clear. Nevertin
would seem to make it impe
obtain some dependable mea;

subject’s pressure as well a;
ticular time of observation.

irement of the variability of a
of its level at any one par-

The fallacy of accepting ox ly a single measure of the level
at a given moment is easily demonstrated. A basic require-
ment of a long-term study is that it will be possible to dis-
cern significant changes in the state of the individual’s
blood pressure over time. This means, in effect, having a
sufficiently comprehensive description of a subject’s blood
pressure at point X in time,
description at point Y in time
obtained at the two points
casual systolic and diastoli
difficulty might conceivably
is not difficult to conceive c

and an equally comprehensive
, However, if the only measure
n time is a simple, let us say,

measurement, the following

and even probably ensue. It
a subject A having a casual

systolic pressure at time X of 140 mm. of mercury and an
equivalent pressure of 140 mm. of mercury at time Y. The
seemingly obvious interpretation of such a result would be
that no change has occurred. However, without knowledge
of the range of variation of the blood pressui’e at the two
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time periods, this interpretation cannot be confirmed. If,
for example, the subject’s systolic blood pressure at time Y
ranged consistently from 120-140 mm. of mercury and at
time X ranged consistently from 140-160 mm. of mercury,
this could certainly not be interpreted as representing no
change. Yet, by chance, it is possible that single readings
taken at the two times might both reveal a casual systolic
pressure of 140 mm. of mercury.

The need to obtain a measure of the variability of the
subjects’ blood pressure poses the following difficulties, how-
ever. What period of time should the measurement cover

a day, several days, a week or longer? How, under field
conditions, where it is a practical impossibility to keep a
subject under observation for a day, much less a week, is
it possible to obtain an accurate measure of blood pressure
variability?

A thorough search of the literature confirmed the desir-
ability and need of accounting for blood pressure vari-
ability in the measurement procedure. However, there was
no direct evidence to show how this might be accomplished.
The literature on hyper-reactivity was suggestive, however,
in the following way. It is possible that there might be some
relationship between hyper-reactivity and the degree of day
to day variation in the blood pressure; that is, a measure of
hyper-reactivity might conceivably be a short cut pro-
cedure for determining the variability of blood pressure
from day to day. There is some theoretical foundation for
such a possibility if, on the one hand, it is assumed that
blood pressure variation from day to day is due to the sub-
ject’s varying responses to the stresses and strains of daily
life; and if, on the other hand, a measure of hyper-reactivity
is accepted as a tool for measuring the blood pressure's re-
sponse to an artificially stimulated stress situation. It is
realized, of course, that the connection between the stresses
of everyday living and the artificial stress introduced by a
hyper-reactivity test might be a tenuous one. Neverthe-
less, in the absence of any other possible solution to this
phase of the measurement problem, it was felt that the idea
deserved some further exploration.
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Again, the resources available did not permit setting up
a full scale experiment to test the idea. However, with the
co-operation of the Westchester County Health Department,
a modest exploratory experiment was conducted. The ex-
periment is described in detail in paper number II of the
series to be published in the Journal of Chronic Diseases (10).
Briefly, it involved measuring the “casual” and “basal”
blood pressures of a group of 21 subjects over a period of
21 days, weekends excluded. Measurements were taken in
a uniform way (with the subjects in a supine position), at a
fixed time, by the same observer on each day. The “casual”
pressure was defined for tins experiment as the first reading
taken, the “basal” pressure as the lowest pressure reading
out of a battery of seven readings taken at five-minute in-
tervals. Provision was also made to obtain diurnal measure-
ments of the blood pressure on each subject, at least on one
day during the test period. This involved, aside from the
regular measurement operation, two additional sessions on
the same day.

The results of this experiment, in so far as they have been
analyzed, provide tentative though not conclusive evidence
that there may be, in fact, a direct relationship between
hyper-reactivity and day to day variations in the blood
pressure. Taking the differences between the casual and
basal readings as a measure of hyper-reactivity, a procedure
adopted from the work of Levy, it was found that the dif-
ference was a reasonably accurate measure of the range of
variation in blood pressure of a significant proportion of the
subjects over the 21-day period. Should it be possible to
improve this relationship by further research conducted
under more stringent experimental conditions and using
other measures of hyper-reactivity, it may very well provide
a solution to the problem of providing a practical means for
measuring blood pressure variability under field conditions.
However, the additional experimental work has still to be
done; some observations on a possible design are offered in
Section IV of the report.

3. The Frequency of Observations. With respect to the
third broad question raised about the procedure of blood-
pressure measurement to be adopted in the long-term study,
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that pertaining to the frequency of observations, the liter-
ature was again reviewed for possible directives or clues to
an answer. The search proved fruitless principally because
of the almost total absence of any previous research on
hypertension involving repeated observations of the mem-
bers of a general population over a period of years.

However, it is obvious that the answer to this question
is not as crucial to getting a long-term study underway as
the answers to the first two questions already considered.
It is perfectly feasible to incorporate an experiment in a
long-term study which will provide a basis for determining
how frequently observations should be made. The specific
recommendation offered is that during the first two years
observations be made at three-month intervals. An analysis
of the variations which occur from one three-month period
to the next would then permit a determination as to whether
subsequent observations should be made as frequently or
more or less frequently.

In summary, then, the principal blood pressure measure-
ment problem still to be resolved for the long-term study
bears on finding a method suitable for use under field con-
ditions to measure consistently the variability of the sub-
ject’s blood pressure at a given observation. The ex-
perimental work already completed (10) suggests a possible
way for developing such a method, but further research is
required before it can be validated. Once this particular
problem is solved, it is recommended that the question per-
taining to the conditions of measurement be resolved by
adopting a procedure which will provide for uniform con-
ditions of measurement at each successive observation.
A decision as to the most appropriate time interval between
observations can be reached within the framework of the
long-term study itself.

B. The Phenorr Hyver-reactivitu

Should the evidence of the relationship of hyper-reactivity
to hypertension be substantiated, a measure of hyper-
reactivity might prove an extremely useful tool for identify-
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ing individuals most likely to develop hypertension sub-
sequently. It would obviously be important, therefore, to
include such a measurement in a long-term study.

However, two prior questions require answers before such
a decision can be made: one, is the hypothesis that hyper-
reactivity is associated with the subsequent development of
hypertension on sufficiently sound ground scientifically to
warrant its further exploration in a long-term study; two,
are there reliable and valid measures for recognizing and
measuring hyper-reactivity, and particularly, are these
measures suitable for use under field conditions?

To answer these questions, an intensive and critical
review and evaluation of the literature on hyper-reactivity
was first undertaken (details will appear in paper number 111
of the series to be published in the Journal of ('hronic
Diseases (14). On the basis of the evidence, it is not possible
to either prove or disprove the presumed association be-
tween hyper-reactivity and hypertension. Because of the
difficulty of identifying both the hypertensive and the
hyper-reactor, it is not surprising, of course, that there is
little agreement between investigators with regard to the
significance of the association, to its specificity to hyper-
tension, nor to its consistency. Despite the oftentimes
contradictory character of the evidence, the Columbia staff
is nevertheless convinced that if the measurement problems,
discussed below, can be resolved, the hypothesis should be
further explored in the long-term study. This conviction is
reinforced by the belief that the principal weaknesses of
most past hyper-reactivity research are these: one, that the
subjects were not kept under observation for a long enough
period of time; and two, that the measures adopted to
identify essential hypertension were not sufficiently com-
prehensive. Both of these weaknesses would be overcome

nost automatically in a long-term study

The problem of measuring hyper-reactivity, however, is
not readily resolved. The difficulties are these. None of
the existing measures of hyper-reactivity the Hines cold
pressor test, the Thacker modification of the cold pressor
test, the Avman-Goldshine breath-holding test, the utiliza-
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tion by Levy of the initial casual level of the systolic and
diastolic pressures, etc. have proven to provide repro-
ducible results. (The weight of the evidence is that, in
non-hypertensives particularly, theresults of hyper-reactivity
tests are not reproducible in the same individuals at different
times.)

A further difficulty stems from the fact that investigators
do not agree as to whether the quantitative rise in the level
of blood pressure or the percentage rise should be used as
the hyper-reactivity measure. Another problem is that of
interpreting the rise as due to cardiac change (rate, stroke
volume) or to peripheral vasoconstriction. Finally, there
are no exact or consistent standards for defining hyper-
reactivity, whichever test is utilized.

To resolve these difficulties, it was evident that a compre-
hensive program of experimentation would be necessary.
This being impossible with the available resources, it was
decided to conduct a small scale field experiment to deter-
mine the feasibility of performing tests of hyper-reactivity in
the home and to learn as much as possible about the con-
cordance of the several tests. The study was undertaken
on the gamble that if the results were positive, the basic
question as to how the phenomenon of hyper-reactivity
might be incorporated in a long-term study would be an-
swered. (At the same time, it was felt that a negative re-
sult would still represent a contribution to general knowledge
about the utility of existing measures of hyper-reactivity,
though admittedly it would not advance the interests of a
long-term study.)

The experiment was formulated on the following basis.
It was conceived that it would be justifiable to adopt any
one of the existing measures of hyper-reactivity for use in
a long-term study if it could be shown under experimental
conditions that different tests produced concordant results
when administered to the same individual. This would not,
of course, measure the reproducibility of any given test, but
it was assumed that this problem could be dealt with within
the framework of a long-term study itself. The resulting ex-
periment was conducted with the collaboration of the De-
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partment of Preventive Medicine of the Boston University
College of Medicine, and particularly of its Director, Dr.
Henry J. Bakst. A sample of 200 children and adults were
selected from the participants in the Home Medical Service
of the Massachusetts Memorial Hospitals in which the De-
partment of Preventive Medicine plays an active part. The
Hines cold pressor test, the Thacker modification of the
cold pressor test, the Ayrnan-Goldshine breath-holding test,
and Levy’s adaptation of the initial casual blood pressure
as a measure of hyper-reactivity were administered to the
sample by medical students of Boston University’s College
of Medicine training in the Home Medical Service. The
order of administration was varied to eliminate any possible
bias arising because one test was always administered before
another.

The results of this experiment were in large measure nega-
tive. They showed that when the results of the tests were
compared, two at a time, there was no greater agreement
between them than might have been expected by chance.
However, the results did indicate that the three tests are
apparently measuring the same phenomena.

In these comparisons, the criteria established by the tests’
originators for identifying a hyper-reactive response were
utilized. It is possible that greater concordance might have
been achieved if uniform criteria were employed or if new
criteria were devised. This possibility will be further ex-
amined. (A fuller description of the experiment will ap-
pear in paper number IV, to be published in the Journal of
Chronic Diseases (12).

One incidental but nevertheless significant finding of this
experiment concerns the utilization of these tests under field
conditions. In no case did a subject discontinue participat-
ing in the experiment once the testing had begun. It is a
reasonable conclusion that if the methodological difficulties
can be eliminated, any one of these tests can be adopted for
use under field conditions, including the cold pressor test
which undoubtedly produces the most discomfort.

This is as much progress as has been made in seeking to
cope with the hyper-reactivity problem. It would appear
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evident that the phenomenon of hyper-reactivity should be
taken into account in a long-term study, and that further
work of a methodological nature to improve the measure-
ment procedures should be undertaken before a final de-
cision is rendered as to whether or not it can be taken into
account. Some recommendations as to the direction of this
additional work are offered in the concluding section of the
report.

To simplify the presentation, the progress made in satis-
fying these two requirements will be treated jointly rather
than in separate subsections. Essentially, these require-
ments involve (a) deciding what has to be known about a
subject aside from his blood pressure measurements to com-
prehend the factors contributing to or explaining the onset
and development of hypertension or its failure to occur;
and ( b ) deciding on how this knowledge of potential hyper-
tensives and non-hypertensives can be obtained within the
framework of a long-term study. This means, in effect,
selecting out of the universe of data which might be collected
those particular items which, on the basis of current knowl-
edge, are thought to be most closely associated with blood
pressure variation and hypertension, and locating or devel-
oping a methodology for their measurement.

The procedure which has been followed in this phase of
the work has been: first, to inventory the array of factors
hypothesized as having some association with hypertension;
second, to critically evaluate the evidence accumulated in

; third, on the basis of this
;pecific hypotheses warrant in-
idy; and finally, to locate, or if

support of each hypothesi
evaluation, to decide what
corporation in a long-term s'

necessary, develop, procedi
might be effectively tested

es by which these hypotheses
ithin the framework of such a

study. (It was recognized that the conditions of a long-term
study might necessarily preclude the testing of such hy-
potheses as require elaborate laboratory tests or clinical

C. and D. Determination of the Data to be Collected and the
Method of its Collection (Hypotheses Formulation and
Testing).
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procedures. It is possible, however, that certain parts of
the sample may be given laboratory or clinical tests from
time to time as special sub-projects of a long-term study.
Furthermore, it will be essential that when evidence of
hypertension appears in an individual he must be given the
benefit of appropriate examinations. Another individual
drawn from the sample without such evidence may be
similarly examined as a control.)

Given the size and scope of the literature on hypertension,
this was indeed a formidable task. To help make it manage-
able, the examination of the literature was organized around
the principal factors identified by the symposium experts
as having some possible association with hypertension.
These were:

1. Demographic and social characteristic
2. Genetic or hereditary factors.

5. Psychological and psychiatric factor
6. Physiological and medical factors.

In the pages which follow, the conclusions reached as to
what account needs to be taken of each of these principal
factors (and sub-factors within them) in a long-term study
are reported briefly in summary. In addition, the con-
clusions reached as to the way in which they might be in-
cluded in the study design are also reported. It is to be
noted, however, that some of these requirements of a long-
term study have still to be met. As the subsequent report
indicates, it has been possible to thoroughly review the
literature on some of these factors, to review' it partially on
others, and not to review it at all on one. This means that
final and complete recommendations on the content and
method of a long-term study cannot be made at this time.
What this implies with regard to the next steps to be taken
is discussed in Section IV of the report.

1. Demographic and Social Characteristics.-—A long-
term epidemiological study of any disease offers a unique
opportunity, not provided in clinical and laboratory studies,

3. Constitutional factors.
4. Nutritional factors.
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to examine the demographic and social conditions under
which the disease is likely to develop and those under which
it does not develop. It seldom happens, of course, that the
origin and development of any disease can be explained
wholly in terms of social and/or demographic variables.
However, the specification of their influence can serve the
important function of more fruitfully directing other in-
quiries into the causes of the disease; for example, knowl-
edge of the simple fact that a disease is more likely to appear
among females than males is an important piece of evidence,
for the key to understanding the causes of the disease may
very possibly lie in the explanation of this difference.

In the study contemplated here, social and demographic
factors assume another importance as well. One of the
design problems, not discussed heretofore, is to select a
sample which on the one hand will represent a population
but will also make provision for over representing those
individuals in the population who are most likely to develop
hypertensive disorders. In other words, some means has to
be found to include a greater proportion of potentially
hypertensive subjects in the sample than would be possible
if only a purely random sample was chosen. To cite a
hypothetical example, if people with red hair are thought
to be four times as likely to develop essential hypertension
as people with other than red hair, and if at the same time
only one person out of a thousand in the population has red
hair, it would be practically impossible to test this hypoth-
esis without over representing red headed people in the
sample. Knowledge of the hypotheses bearing on the social
and demographic factors in hypertension, therefore, will be
important to the ultimate selection of the sample of a
long-term study.

The following are the hypotheses about differences in the
prevalence of hypertension among varying population and
social groups for which there is sufficient evidence to warrant
their being accounted for in a long-term study:

(a) Age: The evidence concerning the relationship be-
tween age and various hypertensive disorders supports these
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tentative conclusions: the prevalence of hypertension, the
mortality from hypertension, and the mean blood pressure
of the population all increase with age.

By definition, of course, a long-term study would take
account of age as a factor in the natural history of essential
hypertension. The contribution it can hope to make over
and above those made by other studies is to specify more
fully the relationship between age and the onset and devel-
opment of hypertensive disorders. Further, since it will
involve studying the same individuals over time, a long-
term study can also clarify the relationship between age
and the level of blood pressure. While, as mentioned above,
the mean blood pressure of the population appears to in-
crease with age, it is not known whether this relationship
holds for all individuals. If it does not, a long-term study
can also contribute a specification of the conditions under
which it does or does not hold.

(6) Sex: With reference to sex, the accumulated evidence
indicates that hypertension may be more common in young
males than in young females, but interestingly, that this
relationship is subsequently reversed.

Here, again, since it is planned that a sample of families
rather than of individuals be the subjects of a long-term
study, this factor is automatically taken account of in the
plans for the study. The relationship reported above, there-
fore, would by definition be tested and further specified in

mi study.
) Race: In America, there is strong evidence showing

that hypertensive heart disease is more prev among

Negroes than among whites. In turn, the mortality from
hypertension of both Negro males and females is higher than
that of white males and females for every age group between
20 and 80.

The implications of this evidence for a long-term study i
pecial provision will have to be made to include suffi-

proes in the sample to permit this relationship to
ted and further specified. The more important task,

nurse, will be to determine the underlying causes of the
it is confirmed. (Some of the particular



1956.] HOUSE —No. 3050. 71

hypotheses to be investigated in this regard will be re-
ported in paper number V of the series to be published in the
Journal of Chronic Diseases (13).

(d) Ethnic Status: There is some evidence that the prev-
alence of hypertension, however defined, is higher among
ethnic minority groups, particularly the Jewish one.

It is not possible at the present time to say whether or not
it wall be feasible to test this relationship in a long-term
study. The sample size will necessarily have to be limited,
and it is doubtful, at this time in any case, that it can be
sufficiently large to provide for special sampling of specific
minority groups. This might represent a relationship, which
though possibly significant, is not suitable for testing within
the framework of the conceived study.

(e) Occupation: There are three hypotheses concerning
the relationship between occupation and hypertension which,
in the opinion of the Columbia staff, warrant further exam-
ination in a long-term study. These are; (1) that indi-
viduals in occupations requiring a great deal of physical ex-
ertion wall be more prone to develop hypertension than in-
dividuals in occupations requiring little or a moderate
amount of physical exertion; (2) that individuals in occupa-
tions involving exposure to specific metallic substances are
more apt to suffer and die from hypertension; and (3) that
individuals in occupations engendering mental stress are
more likely to suffer from hypertension.

The first and third of these hypotheses can be readily in-
corporated in a long-term study, though special attention
will have to be given to the problem of measuring the degree
of physical exertion and mental stress involved in an occu-
pation. It is hoped as well that the second hypothesis might
be tested by locating the study in a community or commu
nities where tinplate or paint manufacturing operations ar<
centered. In such a case, a special sample of workers in such
industries might be included in the study

2. Hereditary or Familial Ch
on the relationship of heredity to hypertension makes it mi
mistakably clear that there is a familial tendency in hypei
tension. However, there is no final determination o:
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whether or not the familial occurrence is transmitted on a
genetic or environmental basis.

It is by no means obvious that a long-term study is the
most appropriate way to further explore this presumed re-
lationship and to determine whether it is environmentally
or genetically determined. One possibliity that has been
considered but not as yet decided upon is that an attempt
be made to enlarge the basic sample to include all of the
living individuals who are in direct blood relationship to
the families in the basic sample. Should such a procedure
prove feasible, it would presumably be possible to compare
the observations made on different generations of the same
family to determine the nature, if any, of a familial tendency
in hypertension, and also, to obtain some evidence as to
whether this is genetically or environmentally explained. At
the present time it is definitely recommended that such a
possibility be considered, final decision to be postponed until
the size and nature of the resources available for a long-term
studv are determined.

3. Constitutional Factors. In any extended discussion of
the etiology and subsequent course of essential hyperten-
sion, it is rare not to find reference to something called “con-
stitutional predisposition.” Of the many factors to which
essential hypertension has been related, however, the most
imprecise and ill defined ones have been subsumed under
this rubric. Such factors as body constitution, obesity,
weight, thinness, height, anthropometry, biometry have all
been examined to one degree or another to determine their
relationship to hypertension. On the one factor of body
constitution, six general classificatory schemes have been
developed to distinguish the morphological dimensions of
the body. However, despite all that has been said and
written on the subject, and despite all the research that has
been done, there is no conclusive or confirmatory evidence
that body build as a whole or specific body characteristics
are related to the development of hypertension.

With respect to a long-term study, it is recommended at
the present time that constitutional factors be taken into ac-
count only to the extent of collecting such data as weight
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and height and perhaps even a simple measure of body
type. More refined measurements, however, if introduced
at all, should be postponed until the findings based on the
iimple measures suggest that more elaborate examination of

the “constitutional” hypothesis is justified. Such measure-
ments could, of course, be introduced into the study even
after it is well under way

4. Nutritional Factors. The Columbia staff has not yet
thoroughly reviewed the literature bearing on the possible
relationship of dietary or nutritional variables to essential
hypertension. On the basis of the limited review which has
been accomplished, the staff accepts Schroeder’s conclusion
that “within the grounds of present knowledge there is no
evidence that human hypertension is caused by high pro-
tein diets, high fat diets, not enough vitamins or carbohy

drates from the wrong sources. . .
.” 1

Nevertheless, it is felt that, as with constitutional factor
some routine information on the eating habits of the subjects
of a long-term study should be collected. This might in-
clude recording at the regular periodic observation the
amount and content of the food and beverage intake over
the 72-hour period preceding the observation, and hidden
tally7', the amount and kind of smoking and drinking ac
tivity as well. Whether or not this kind of information
should be continuously collected over the course of the en-
tire study could then be determined on the basis of interim
analyses of the data while the study is in process. This
recommendation, incidentally, reflects a general viewpoint
of the Columbia staff that all possible leads should be in-
vestigated within a long-term study, where they can be
reasonably incorporated in its design. In the present case,
it is not felt that a long-term study is the most fruitful way
to further investigate the nutritional hypotheses. Neverthe-
less, the collection of a minimum amount of data in this
area, when it does not interfere with the effective conduct
of the study, would seem justified.

5. Psychological Factors. Present knowledge and specu-
1 Schroeder, Henry A., Hypertensive Diseases: Causes and Control. (Lea and Fcbißcr, Phila-

delphia, 1953, p. 58.)
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lation about the role of psychological factors in the onset
and development of essential hypertension was thoroughly
examined in the planning operation (see paper number VI
in the Journal of Chronic Diseases series 14). While con-
siderable work has been done in this area, much of which
supports the contention of a relationship between essential
hypertension and psychological disorders, it is difficult to
isolate the hypotheses which should and can be subjected
to further examination in a long-term study. The difficul-
ties are these:

Investigators are often subjective in their definition of
the variables involved. It is claimed, for example, that
frustrated hostility is a significant factor precipitating hyper-
tention. Yet the definition of both hostility and frustration
are so imprecise as to almost defy independent verification.
Another difficulty derives from the almost consistent ab-
sence of control groups in study designs. Conclusions about
the characteristics of a so-called hypertensive personality,
for example, are made on the basis of examining hyperten-
sives only. Furthermore, the direction of the relationships
identified are rarley specified so that it is difficult to know
whether the psychological disorders are considered to pre-
cede and lead to hypertension or are a result of it.

Until these difficulties and others mentioned are resolved,
it is impossible to decide conclusively just what kind of psy-
chological evidence should be collected in a long-term study.
On the basis of the literature review, the following hypoth-
eses would appear to be most deserving of further explora-
tion.

First, there are the hypotheses which attribute the de-
velopment of essential hypertension to psychological dis-
turbances occurring during childhood:

(a) Hypertensive individuals are more likely than non-
hypertensives to have been deprived of adequate parental
love and affection in their childhood.

( h ) Hypertensive individuals are more likely than non-
hypertensives to have, as children, dealt with parental
aggression through appeasement and ingratiation.

Hypertensive individuals are more likely than non-
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hypertensives to have had frequent temper outbursts as
well as tried to inhibit rage consciously in their childhood.

Secondly, there are the hypotheses which suggest that the
following types of psychological conflict initiate, precipitate
or are associated with hypertension:

(d) An inability to accept passive dependent attitudes as
well as an ability to freely express hostile impulses.

(e) A tendency toward impulsive action, yet a suppression
of the translation of impulse into action.

(/) The presence of intense hostility which is near con-
sciousness but which is stifled.

Finally, there are the hypotheses which attribute the
onset or presence of hypertension to the following stress
experiences:

(g) Illness or death of a relative; surgery or illness of
individual.

(/i) Desertion by a supporting figure through death,
infidelity, remarriage, threat of suicide, rejection in a will.

(i) Changes in the individual’s life, such as separation
from parent, marriage, loss of job, loss of savings.

These hypotheses a.re stated here in rather simple lan-
guage. Even if more technical language is employed, how-
ever, it is evident that the actual variables to be investigated
must be further specified before they can be incorporated in
a long-term study. Not only is further specification re-
quired, but procedures for measuring these variables under
field conditions must also be developed. These tasks have
not as yet been undertaken by the Columbia staff; yet it is
considered an essential prerequisite of a long-term study
that they are completed. Some recommendations as to how
this may be accomplished are offered in Section IV.

6. Medical and Physiological Factors. The physiology
of blood pressure regulation was discussed as a part of the
symposium and has been extensively studied in connection
with the blood pressure and hyper-reactivity measurement
problems. However, the Columbia staff has not, as yet,
examined the vast medical literature reporting on research
on the pathogenesis of hypertensive disorders. It is assumed,
of course, that a medical examination will constitute part
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of the periodic observation of each subject in a long-term
study. The precise form and content of this examination,
however, will be determined after further evaluation of the
literature and consultation with experts.

Final decisions on the design and recruitment of the
sample will be influenced, of course, by the funds made
available for a long-term study and possible by the special
interests of the sponsoring agency. Nevertheless, it is
certainly not too early to consider in principle some of the
alternative approaches to the !
be adopted, and to offer some
on recruitment procedures.

ampling design which might
very tentative observations

design, the Columbia staff
the ideal criteria to be satis-

With respect to the sample
would consider the following as
fied in its development:

1. The design should provide for projecting the conclusions
of the study to an identifiable universe.

The long-term study is conceived as an epidemiological one,
and by definition, therefore, it should be designed so that the
conditions under which essential hypertension does or does
not develop in the population at large can be identified.
This means, in effect, including in the sample people chosen
to represent all walks and conditions of life. It means, as
well, eliminating a major weakness of so much of past re-
search on hypertension, namely, its use of biased samples.

2. At the same time, the design should provide for over
representing those elements in the population now considered
most prone to develop essential hypertension.

It is obvious that a truly representative sample of a
general population would have to be unpractically large in
order to insure including a sufficient number of pre-hyper-
tensives for the kind of analysis contemplated. It is con-
ceived, therefore, that the basic representative sample
would be supplemented by the purposive over-representation
of the kinds of people who, on the basis of current evidence,
are most likely to develop essential hypertension. Thus, for

E. The Design and Recruitment of the Sample
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example, Negroes would be over represented in the sample
to permit meaningful Negro-white comparisons. This
process of over representation, however, would be conducted
in such a way as to insure that by appropriate weighting the
results obtained from the representative sample might be
specifically analyzed.

3. The sample design should utilize the family and not the
individual as the sample unit.

This criterion is formulated to provide for testing the
hereditary, nutritional and constitutional hypotheses referred
to earlier. While it is not imperative, it is also recommended,
if conditions permit, that the families selected for the
primary sample include also the patrilineal and matrilineal
grandparents where they are alive.

4. The sample design should take the population of the
entire nation as its universe.

This is stated as an ideal criterion not likely to be satisfied
in practice. However, it is possible that the study might be
conducted on a nation-wide basis if periodic observations
are made by volunteer physicians located throughout the
country. In such a case, the sample would be drawn and a
physician, located in the vicinity of each sample unit, would
be recruited to conduct periodically all of the observations
on that sample unit. Such a sampling procedure would
permit taking account of cultural, climatic and geographical
differences in various parts of the country.

Should it be impossible to abide by this criterion, and the
chances are, of course, that it will be, it is recommended that
the study be conducted in at least three communities,
selected to take account of differences in the mortality rate
from hypertensive disorders and in the kinds of conditions
in which Americans live.

5. The sample design should encompass a sufficient number
of families to permit statistically reliable comparisons to be
made between major sub-groups in the population.

The size of the sample will, of course, be highly influenced
by the availability of funds. It is not believed, however,



HOUSE —No. 3050 [May78

that the study should be undertaken unless the funds are
sufficient to warrant a sample size necessary to meet this
criterion. The exact sample size will have to be finally
arrived at, of course, after a decision has been reached as to
whether the population of the nation as a whole, or of
selected communities, is to be considered the universe of
the study, and after the specific variables on which the
sample is to be over represented have been decided upon.

These criteria, it is realized, establish the framework for
the development of a sample design, but do not constitute
precise recommendations as to its nature and composition.
Such specific recommendations have been purposely with-
held until the work on hypotheses formulation and method-
ological development has been completed. The further in-
formation which that work will provide on the variables to
be included in a long-term study will provide a more sub-
stantial basis for determining the size and composition of
the sample.

On tire question of recruitment procedure, it is clear that
for the study to be successful, the most modern practices of
public relations will have to be applied in recruiting subjects
and in insuring their continued co-operation. It is con-
sidered that the study should be presented as a significant
piece of medical research to which the subjects would be
lending their support, and that both national and local
media of communication be used to convey this image.
Such generalizations, it is realized, do not effectively solve
the recruiting problem, but here again this is a matter
which can be effectively planned only after the final plans
for the study have been drawn and the financial resources
necessary to its being undertaken secured.

The progress which has been achieved in laying the
groundwork for a long-term epidemiologic study of the
natural history of essential hypertension has now been duly
reported. There remains the task of evaluating the progress
made in terms of its implications for future work.

To begin, it should be emphasized that despite the many
obstacles which have arisen to delay progress, no question

IV. Conclusions and Recommendations.
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has ever arisen as to the value of the course taken nor of
the need for and desirability of a long-term study. If any-
thing, the Columbia staff is now more convinced than it
was when the work began on this score. In turn, the staff’s
conviction that a sound theoretical and methodological
foundation is a prerequisite to an effective study has been
reinforced.

The progress achieved, however, does not lay this founda-
tion completely. In part, as has been said before, this is
a reflection on the work of the Columbia group. At the same
time, it is a reflection, again in part, on the general state of
knowledge of the hypertensive disorder. There is simply not
enough known about many crucial points on which to base
a sound and complete long-term study design.

Assuming that the work is to be continued, and the co-
directors of the Columbia program are committed to con-
tinuing if the resources can be found, the next steps to be
taken must include the completion of the tasks originally
set forth and the satisfaction of the new requirements which
arose in the course of the work. At a minimum, the following
requirements need to be satisfied before final and complete
decisions on the design of a long-term study can be reached;

1. The development of a means for adequately describing
the state of an individual’s blood pressure at any given
point in time; specifically, the production of a procedure
for the consistent measurement of blood pressure varia-
bilitv under field conditions.

2. A sound decision on a reliable and valid means measur-
ing vascular hyper-reactivity.

3. The evaluation of existing hypotheses on the role of
psychological factors in hypertension, and the development,
testing and validation of research procedures necessary for
their further exploration in a long-term study.

4. The identification and evaluation of existing hypothe-
sis on the medical and physiological factors in essential
hyper tension, and the location or development of procedures
for testing them in a long-term investigation.

5. The further exploration of the social correlates of
hypertensive disorders in so far as these can be elucidated
by the secondary analysis of existing data.
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Of these five requirements, none of them, with the excep-
tion of number 4, can be satisfied by reference to already
completed research reported in the literature; original
experimental research is required. The recommendations
of the Columbia staff as to the form which this research
should take are reported belowu

Three independent but nevertheless interrelated research
projects are proposed: the first project would be primarily
directed to meeting requirements 1 and 2, the second to
meeting requirement 3, and the third to meeting require-
ment 5. No special project is recommended with reference
to requirement 4, since, as mentioned above, it is anticipated
that it can be satisfied through reference to the existing
literature.

Project A. — The Development of Methods for Measuring
Blood Pressure Variability and Hyper-reactivity under
Field Conditions.

This project has been devised to resolve the outstanding
problems pertaining to the measurement of blood pressure
variability and hyper-reactivity which were detailed earlier
in Section 111, sub-sections 1 and 2. Specifically, an ex-
periment is proposed in which a sample of 200 persons
selected to represent roughly the population of a medium-
size community would be observed daily over two three-
week periods separated by a three-month interval. The
observation would include daily measurement of the blood
pressure and hyper-reactivity measurements every third day.

On each day, blood pressure measurements would be
taken at 5-minute intervals over a period of one half hour,
or seven readings in all. These pressures would be taken
in a standard way, using the sphygmomanometer. Hy-
per-reactivity would be measured using the Hines cold
pressor test, and the Ayman-Goldshine breath-holding test.

This data would then be analyzed to determine the re-
lationship between the hyper-reactivity measures and the day
to day variability of the blood pressures, and to examine the
reproducibility of the several hyper-reactivity tests. The
looked-for or anticipated result is that the two measures
hyper-reactivity and blood pressure variability wall prove
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to be related, and in turn, that if blood pressure variation is
taken into account, the hyper-reactivity measures will prove
to be reproducible.

Project B. The Clarification of Hypotheses hearing on the
Role of Psychological Factors in Hypertension and the
Development of Procedures for their Measurement under
Field Conditions.

This second project is conceived to clarify the hypotheses
bearing on the role of psychological factors in hypertension
and to develop procedures for their investigation in a long-
term study. It will be recalled from the discussion in
Section 111, sub-section 3E that these problems could not be
resolved by reference to the work already done in this area.

The project would involve, to begin with, an attempt to
amplify the available hypotheses in their application to
essential hypertension in such a form as to make them
accessible to measurement under field conditions. It is
planned to accomplish this through interviews with the
formulators of these hypotheses and others operating within
similar theoretical frameworks, requesting them to de-
scribe the observable behavior of hypertensives from which
the presence or absence of the postulated variables is in-
ferred. For example, selected psychotherapists and psy-
chiatrists will be asked, among other things, to specify the
observations from which they infer that hypertensives are
dependent, repress hostility and anger, do not assert them-
selves, manifest obsessive-perfectionist tendencies, etc.

Once this is done, an attempt will be made to relocate or
develop procedures suitable for testing those hypotheses
which emerge from the first step as warranting further in-
vestigation. In the main, this will involve two tasks one,
the review of existing personality tests and inventories with
the purpose of isolating those categories which correspond to
the variables identified as significant; and two, the construc-
tion of interview schedules, behavioral inventories, and
scales which will quantitatively assess the presence or ab-
sence in an individual of the psychological characteristics
presumed to be related to the hypertensive disorder.
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Once suitable tests have been located and/or developed, a
final experimental operation would be required to validate
them. Here it is planned to administer the tests to a sample
of 200 subjects, and at the same time to have them inter-
viewed by a psychiatrist or clinical psychologist. The result
of the tests would then be compared with the results of the
interviews; agreement between the two constituting valida-
tion of the test procedure.

Project C. The Further Exploration through Re-examination
of Secondary Sources of the Social Correlates of Hyper-
tensive Disorders.

This third project is conceived as a desirable but not
necessarily an essential pre-requisite to a long-term study.
Its intention is to re-examine certain secondary source
materials to determine whether or not it is possible to further
specify the social and demographic correlates of hyper-
tensive disorders. Such information would be useful in
providing a sounder foundation for the selection of the
sample of a long-term study.

The plan is to re-examine the material already available
showing the mortality from hypertension and hypertensive
heart disease in different States. This material would be
collated with information available on death certificates
showing the age, sex, occupation, etc., of the deceased,
transferred to IBM punched cards and analyzed to identify
the principal social and demographic variables associated
with death from hypertension. As a control group, a sample
of the material on deaths from all causes will be similarly
collated and analyzed.

In conclusion, the members of the Columbia staff would
like to acknowledge their great respect for the Legislature
of the Commonwealth of Massachusetts. Never before has
the Legislature of a great State taken the initiative in spon-
soring extensive and detailed research on a major medical
problem. Massachusetts has established a significant
precedent for other States to follow, and has contributed
to work which eventually may lead to the prevention of a
disease which is one of the major causes of disability and
death in man.
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The Columbia staff would also like to take this occasion to
express their deep appreciation to the members of the
Recess Commission on Hypertension for the co-operation
and encouragement which they have provided over the
course of the work. The professional and legislative mem-
bers of this Commission have indeed set an example in their
devotion to the task assigned to them which might well serve
as a standard for all legislative commissions to emulate.

Finally, the authors of this report would like to have in-
cluded in the record the fact that the Editor of the Journal
of Chronic Diseases has agreed to set aside an issue for re-
porting the work done at Columbia under the sponsorship
of the Recess Commission on Hypertension of the Com-
monwealth of Massachusetts. This issue, to be dedicated
to the Commission, will comprise the following material:

1. Studies in Hypertension I. An Epidemiologic Approach to the Study
of the Natural History of Hypertension.

2. Studies in Hypertension 11. Precision in Blood Pressure Measure-
ments, Part A. The Design and Preliminary Results of a Study of
Day to Day Variation in theBlood Pressures of 21 Normal Subjects.

3. Studies in Hypertension 111. The Phenomenon of Hyper-reactivity
with Special Reference to its Place in a Long-Term Study of Hy-
pertension.

4. Studies in Hypertension IV. A Comparison of Hyper-reactivity Tests
based on a Field Study of 200 Volunteers.

5. Studies in Hypertension V. Social and Demographic Correlates of
Hypertension.

6. Studies in Hypertension VI. The Role of Psychological Factors in
Hypertension.
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Journal of Chronic Diseases.

1
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of the Literature dealing with its Extent, in A Symposium on Es-
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4
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Questionnaire on Blood Pressure Measurement
In order to find out if the lack of consensus and agreement

in regard to many aspects of blood pressure measurement
would be reflected in the advice and opinion of specialists
in the cardio-vascular field, questionnaires were addressed
to a number of them. Instructions accompanying the
questionnaire raised the following points: (a) that we are
concerned ultimately with the application of specific pro-
cedures and techniques of blood pressure measurement to
be administered to a number of subjects in a particular com-
munity at periodic intervals over an extended period of
time, e.g., years; (b) that reasons for a particular answer
be furnished and any supporting evidence or data (clinical,
experimental, bibliographies, etc.) be cited.

The following questions were asked
1. In your opinion, how many readings of the blood pressure should be

made at one examination or visit so that a satisfactory base from
which to measure change from one examination period to another
can be established? Please explain reasons for your answer.

2. Should blood pressure readings be made basally, casually or in
other way? Please specify.

3. If it is desirable to obtain basal blood pressure readings, what methodi
would you recommend for attaining a basal level?

4. Do you think that the subject should be in a prone, standing or sit-
ting position when his blood pressure is taken?

5. Do you feel that any particular time of day is preferable for taking
the blood pressure? If so, what time of day would you advise?

6. Do you think that any specified time period should elapse before
and/or after eating and the measurement of the blood pressure? If

what length of time do you recommend
7. In your opinion which of the following persons should make blood

sure determinations? (a) M.D
(e) orderly, (/) subject himself,

(6) nurse, (c) intern, ( d ) technician
g) other (please specify).

lings of the blood f1. In your opinion, how many res
made at one examination or visit so
to measure change from one examin

that a satisfactory base from which
tion period to another can be estab-

lished

MEASUREMENT OF BLOOD PRESSURE
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This question was answered in such a variety of ways that it
must be assumed that the wording of the question was subject
to several interpretations. Either basal or casual pressures
could be assumed to be referred to by the expression
“satisfactory base.” The range or the variation of blood
pressure level as the major focus of measurement would
obviously also affect the kind of answers given. The re-
liability of the answers given is therefore necessarily severely
limited.

Number of Readings Recommended.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

X (not less than)*

X (at least)2

X 3
X X X X
X X X*
X*
X

x«
X"

X
X»
x»

X lO

X
XU

X
X - - - - - - to 15
X

1 As many as practicable. 7 At beginning and end of examination.
2 At least three, after one hour. 8 Or more, depending on state of subject.
3 Five in each posture. 9 More if possible.
4 As subject enters room. 10 Sufficient to obtain constancy.
5 Until basal. 11 After physical examination, after exercise,
6 Second reading 10 to 15 minutes later. after EGG tracing, before patient sits up.

One respondent suggested readings at the beginning and
end of examination. Another noted that no certain number

recommended that the range of each
sure at each determination should be

dory, and
blood pre

isft
subject
noted.

ajority thought three readings a satisfactory numberThe m

Ihe rationale (see following) for any particularto make
number ■ readings differed.
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Reasons Rationale.
Evelyn Normal range of variation of the blood pressure can be ob-

tained if the blood pressure readings are spaced at definite
points during the course of the sessions. Six readings
spaced conveniently in a five-hour session have given the
same order of magnitude as that obtained when pressure
is recorded four times daily during a week in the hospital.

Wilkins Five in each posture because of the well known variability
of the blood pressure.

Depends on the frequency of the periodic examinations and
the total duration of the periodic examination.

Thomas

In general, if the subject is resting, repeated blood pres-
sures over a 15 to 20 minute period at intervals of 2 to 5
minutes, depending on the rate of change, should usually
show readings within a range of plus minus 5 minutes
toward the end of that time, which may be taken as the
“resting level” for that day.

De Takats Suggests inconceivability of obtaining basal blood pressure
during a mass survey. Casual blood pressure with mini-
mum fuss will result in obtaining an ambulatory pressure
under the usual strain of day.

Thinks that readings should be taken until basal level is
established. This is in order to overcome the excitement
and consequent elevation of blood pressure associated
with having the blood pressure measured.

Binger

Page Notes that it is extremely difficult to obtain a stable pres-
sure in some hypertensives emphasizes need for re-
peated measurements if the data are to be closely in-
terpreted.

Keith Says that two readin s, one 10-15 minutes after the other,
and that this has been a satisfactory
ipital practice.

attains basal level,
procedure in his ho

Hamilton The many factors affecting blood pressure make it impos-
sible to control them effectively, thus creating conditions
that are too artificial or to extensive in time, and so forth,
to be possible. Forty-odd years of general experience
and reading in C.V. disease lead to this conclusion.

Grollman Suggests that merely repeating the readings may result in
increasing or decreasing pressures, depending upon the
state of the subject. Seems more logical to leave the
number of readings to the person taking the pressure.
Who can determine from their variability as to the num-
ber necessary to obtain a reasonably accurate figure for
the blood pressure under the conditions under which it is
taken?
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Hines The object should be to work out a program of methods to
determine as nearly as possible the range of the subject’s
blood pressure at each examination. Unless this can be
done, the information obtained from several blood pres-
sure readings may be of little value. The variability of
blood pressure is too great for two or three casual blood
pressure readings taken at wide intervals to tell you
whether or not the subject has hypertensive vascular
disease or what the subject’s usual blood pressure may be.

Since blood pressures are variable several determinationsDawber
are necessary to establish any blood pressure level

Goldwater Time must be allowed for the subject to become relaxed
and accustomed to the procedure. Certain pathological
conditions may result in different blood pressure levels
in the two arms

Peeera One wants to know basal and peak values as well as range
throughout the day and night. A casual reading, plus
multiple readings after rest (recording the highest and
lowest systolic and diastolic), would give at least some
index of range and variability.

Will an answer be provided to these important queries:
1. Is it the floor or the peak which hurts the patient?

2. Is blood pressure relative to pathological progression
and prognosis

3. Is the mean blood pressure over a 24-hour period
more important, etc.?

Standardization of Blood Pressure Headings, American
Heart Journal, July, 1939, 18:35.

Arnold

Too many readings are impracticable. One slightly high
reading is significant as indicating a pre-hypertensive
and should be recorded.

SCHROEDER Blood pressure varies with respiration, Traube-Hering
variations, and from minute to minute. Any reading is
only an approximation. As long as consistency is main-
tained it does not matter how many readings are taken.
One might be sufficient.

Palmer The blood pressure is such a variable thing due to psychic
pressor responses that it is taken a few times: (a) during
history, (6) during the physical, (c) the end of the exam-
ination. Variations due to deep breathing (arm in hori-
zontal position) and pressor effects are demonstrated to
patient (if can tolerate and if situational difficulties ap-
pear in the course of the history).

2. Should blood pressure readings be made basally, casually or in some
other wav?
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Responses.

Most of the respondents preferred the casual measure-
ment to the others (see below). There is obviously consid-
erable disagreement as to whether basal or casual readings
are the more advisable. Some suggested ‘Test” or “relaxa-
tion,” which may be interpreted as either casual or basal,
depending on the definition which the individual gives these
terms. There is no universally accepted definition for these
terms nor uniform criteria for obtaining casual conditions;
the observer usually has his own particular methods and
techniques which he follow's:

The responses were divided as follows:
Casual S
Basal 4
Resting . 3
Other

(a) Several times to allow patient to get over the initial
effect of anxiety.

(6) Repeated measurements, averaging the results,
(c) No one way.
(d) Admission reading, response of blood pressure to exer-

cise.

Rational*
Evelyn Removal of all major psychic pressor stimuli is not poi

sible
Time and effort required to approach basal could be put to

better use
Earlier indications of beginning hypertension more likely

to be detected under casual conditions
Vast majority of doctors and hospitals take only casu;

reading;

A study based on basal readings will not apply to practical
circumstances

Basal pressures should be in addition to, not instead of,
aal read

Definition of standardized casual condition;
Pressure should be taken at the same time or times in cour

f session, in a standard position, and by the same typi
of examiner.

THare None
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Several times (6 in each position) to allow patient to get
over initial anxiety.

Wilkins

Thomas Resting more comparable than casual pressure
Easier to obtain, more desirable as a standardized pro-

cedure than “basal” pressures, which necessitate hos-
pitalization or home visits.

Casual pressures desirable as supplement to show how
high blood pressure rises and how readily it rises. (Blood
pressure at beginning may be considered “casual.”)

Db Takats Basal blood pressures could only be obtained by days of
bedrest after barbiturates or after TEAC.

Binger Basal to overcome excitement and consequent elevation
ssociated with having the blood pres-of blood pressure

sure measured.
of obtaining really basal blood pres-
;ontrol emotional responses of the blood

Notes impossibility
sure. No wav to

Page

pressure.
No answer.Keith

blood pressure readings so determinedHamilton Casually (nearly all
in practice).

Basal blood pressure may be a delusion may not be re-
producible over a period of years.

Basal pressures (before patient rises) will reflect a more

Goldring

Grollman
constant value

;t is to determine range basal andNo one way obje
casual.

Hines

ire representative of greater part of
day if the level of blood pressure is of

Dawber Casual pressure m
twenty-four hour
signifioar

same; effect of external factors; shouldRest and relaxationGoldwater
be as constant as possible.

Exact measures would be difficult in a community study.Perera
Casual reading followed by resting readings would give some

index of lability and change.

Admission blood pressure would give some index of lability
and change.

Arnold

Sleep is only condition where basal condition is attained
See answer to Question 2.

SCHROEDER
Palmer

True basal level not practicable for a long-term community
blood pressure survey. The readings should be as near
basal as possible.

Wakerlin

hat3. If it is desirable to obtain basal blood pressure readings, whs
nethods would you recommend for attaining a basal level

suggested method of obtaining re-Evelyn ,tl

prc



HOUSE No. 3050 [May96

O’Hare 1) Overnight sedation test in a hospital.
Practical method to produce anesthesia from which

prompt recovery could take place. Would have
to be applicable in an out-patient department or
office. Rectal approach would seen least disturbing.

3) Train some member of family to take blood pressure
when patient awakes.

Prolonged observation under controlled conditions pro-
duces closest approximation of basal blood pressure.

Atchlev

Sedation test, nothing else can be agreed as basal
In bed on first awakening in morning.

Wilkins
Thomas
De Takat Doubts that true basal blood pressures can be obtained

during a community investigation.
Purpose of reading should be explained to the subject. He

should be told that he will not be informed of the result
of the reading.

Binger

Patient should be encouraged to be as comfortableand com-
posed as he can, and first measurement should be made
after a period of rest and relaxation.

No accurate or sufficient criteria for “basal” blood pres-
sure.

Pagf

Keith Prone, at rest for 10 or 15 minutes.
As for blood measurement determinations —no food,

drink, sedative or stimulants for twelve or more hours.
Hamilton

No fever, patient prone for one half hour or more before
blood pressure is taken.

Doubts wisdom of attempting to take blood pressures un-
der basal conditions in a “study of this sort.”

Goldring
Grollman

No answer.
Readings in bed before patient gets up, if practicable.

Otherwise, patients should come to the dispensary, one
half hour’s rest in chair, then pressure is to be taken.

(This would give most constant data.)

Hines Basal conditions as in BMR no drugs for twenty-four
hours, no breakfast, no smoking for at least two hours.
Quiet room with subject alone in supine position. Ex-
planation to subject of what is to be done in advance.
Rest on comfortable couch for thirty minutes. Blood
pressure reading every five minutes, lowest blood pres-
sure readings recorded as basal.

Only an approximate basal level can be attained under
these conditions.

Basal blood pressure desirable as indicating lowest level of
the daily blood pressure. Sleeping blood pressure recom-
mended. This reading, plus the casual level, should in-
dicate almost all the twenty-four hour blood pressure
levels.

Dawbbr
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Goldwater None.
Perera Suggests impossibility of doing this in a study of this type

Lowest “resting” values may require weeks of rest re-
gardless of what “basal” measures are employed one
could question their significance and whether they were
truly basal.

Arnold True basal blood pressure reading not practicable procedure
for ambulatory clinics, with many patients in various
phases of examination and treatment.

Schroeder Totally impracticable in a group study.
Palmer Home blood pressures should be done in selected patients,

some member of the family of the patient being taught
how to make the reading and being supplied with an
apparatus.

Wakerlin Readings should be as near basal as possible, a true basal
not practicable for a long-term community blood pres-
sure survey. A rest period of 15 minutes with the patient
in the sitting position seems suitable. Slight preference
for the horizontal position (supine rather than prone)

A number of different methods of obtaining a basal level
are suggested by the respondents. Some follow the recom-
mendations of the Committee for the Standardization of
High Blood Pressure readings, e.g., the establishment of
basal approximating conditions for basal metabolism de-
termination. Others recommended the period following a
night’s sleep as the optimum basal condition; one recom-
mended sleeping blood pressure. Six ■ respondents men-
tioned the difficulty, impossibility or impractablity of try-
ing to establish basal conditions in ways other than periods
of rest in the clinic, etc., in a community study. Three re-
spondents noted their lack of success with methods which
gave reproducible “basal” blood pressure as lacking.

It seems fairly clear that any standard condition for es-
tablishing basal levels will be, to some extent, of an arbi-
trary nature. In the absence of a suitable definition of what
is to be considered a truly basal blood pressure state, it may
be necessary to either adopt the recommendations of the
American Health Association or one of the presently prac-
tised techniques for arriving at basal. In lieu of this pro-
cedure, practical considerations may dictate modifications
of various kinds.
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4. Do you think that the subject should be in a prone, standing or sit
ting position when his blood pressure is taken

Answer. Rationale
Most convenient, most

widely used in office and
clinic. No statistically
significant difference be-
tween lying and sitting
pressures. Standing are
awkward to take, likely
to be variable, unless an
exactly stated amount of
time is allowed to lapse
after patient assumes
standing position.

SittinEvelyn

To rule out orthostasis
basis.

Sitting position seems gen-
erally more practicable.
At least on one occasion
in all three positions.

O’Hare

Atchley
Wilkins

See previous answers.
Preferably in all these, cer-

tainly sitting.
Usually supine all three

should be recorded.
More comparable.Thomas

Most simple, least disturb-
ing to patient.

Sitting position.De Takats

Since rest and relaxation
are specified conditions.

Binger Sitting in comfortable
chair, lying on a com-
fortable bed, couch or
examining table.

Page Proneness is more stand-
ardized than other pos-
tures.

Prone.

Keith Has proven satisfactory in
his hospital patients.

Prone.

Hamilton Sitting preferred, since the
majority of blood pres-
sure readings so taken in
practice.

Sitting or prone

Convenience,Sitting.
Sitting.

Coloring

Grollman Very little differencein blood
pressure between sitting
and prone position. Sit-
ting position more con-
venient for study.

To determine range of sub-
ject’s blood pressure.

Hin No one way. All three
positions.
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Dawber Casual reading, sitting. Simplest from practical
point of view.

Perera One standing; group of To bring out maximal range
and variability.prone readings.

Arnold See answers to question 1.
Schroeder Supine. Best for practical purposes

may beslightly higher.
As long as the same posi-
tion is always used it
probably does not mat-
ter.

Palmer Left arm sitting: As per American Heart As-
sociation.Left arm recumbent.

Wakerlin Readings as nearly basal
as possible. True basal
level not practicable for
a long-term community
blood pressure survey.
A rest period of 15 min-
utes with patient in sit-
ting position suitable
Pressure (if proper phys-
ical facilities available)
for horizontal position
(supine rather than
prone).

Most of the respondents suggested a sitting position for
the determination of blood pressure. Some suggested read-
ings to be taken in the sitting, standing and lying positions
to determine the range and variability of the blood pressure.
Six respondents preferred the sitting position because of its
convenience and simplicity. Three answers noted that sit-
ting posture should be used because it is the conventional
and most widely used in practice. One respondent noted
the importance of maintaining
the position used. One answe
blood pressure obtained under
not significant.

5. Do you feel that any particular
the blood pressure? If so, what time

time of day is preferable for taking
of day would you advise?

Evelyn Does not feel this is worth taking into account.
O’Habe Advises that it should be uniform; mid-morning suggested

y a degree of consistency in
r noted that the difference in
varying postural conditions is

referential.
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Wilkins No time of day is preferential.
Thomas Comparable times of day are desirable but not essential.

Time should always be noted.
De Takats On re-examination, the same period of the day should be

used.
Binger Time should be chosen to avoid fatigue and acute excite-

ment.
Page Does not make much difference provided not directly

after sleep. Should be made roughly at the same timi
of day

Keith Morning

Hamilton Variations so uncertain that no particular time preferential.
Goldring Any time, after ten-minute rest in quiet room.
Hines No preferable time, but should be same time for each ex-

animation, otherwise comparison would not be valid.
Probably in morning, before breakfast, is best time.

Dawber Preferably several times during day.
Perbra No preferable time.
Arnold No preferable time.
Palmer Should in general be varied between early morning and

late afternoon.
Wakerlin Morning preferable to afternoon. Approximately the

same time of day should be employed for determinations
on a given subject.

There seems to be almost complete unanimity that no
particular time of day is preferable for determining the
blood pressure. It is noted that some suggest different times
in terms of the condition of the subject i.e., in the morn-
ing after a night’s sleep the blood pressure is assumed to be
lower than it is at the end of the day’s activities. It seems
to be agreed that re-examinations of the blood pressure
should be made at the same times to ensure greater reliabil-
ity of comparison. The implicit assumption is that blood
pressure does follow a specific pattern of rises and falls dur-
ing the day, and that morning readings are generally lower
than afternoon and evening readings. On the basis of these
responses and the literature on this subject which has been
seen, it does not appeal’ that there are sufficient scientific
grounds for measuring the blood pressure at any one par-
ticular time of day. It does seem reasonable, however, to
recommend that repeated readings be made at comparable
times of the day.
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6. Do you think that any specified time period should elapse before
and/or after eating and the measurement of blood pressure? If so, what
length of time do you recommend?
Evelyn Not enough difference to be bothered with.
O’Hare Not before one half hour to one hour after meal;
Wilkins No.
Thomas Time should be noted Comparable times desirable but

not essential.
De Takats Does not know.
Binger Error if blood pressure

meal.
measured immediately after a big

Page This refinement has no real significance.
Keith Eating should not disturb basal reading,
Hamilton No; variations so uncertain.
Goldring No; effect is insignificant.
Grollman About three, four hours.
Hines At least two hours after a mef
Dawber Two or more hours after meal
Goldwater No.
Perera No.
Arnold One half hour to one hour after meals.
Schroeder No.
Palmer No
Wakerlin Is not important; recommend the same time in relation to

1-taking for successive readin

Apparently the ingestion of food is rot regarded as im-
portant enough to influence the time at which blood pres-
sure determinations are made. The Recommendations 1

of the American Heart Association suggest that the subject
should be given time to “recover from meals.” Master2

reports some studies which have shown the relationship
between ingestion of food and liquids and blood pressure
levels. A definite rise in systolic pressure and a lesser rise
in the diastolic is noted. As in the question relating to the
time of day, it is suggested that determinations be made at
comparable time periods subsequent to the ingestion of food.
It also seems advisable to set an arbitrary period of time,
e.g., one half hour, or one hour, following meals at which
determinations should be made.

1 Recommendations, pag
2Master, page 13.
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7. In your opinion which of the following persons should make blood
pressure determinations; (o) M.D., (6) Nurse, (c) Intern, ( d) Technician,
(e) Orderly, (/) Subject himself, (g) Other (please specify)?

Rationale

Findings more comparable
to those obtained in prac-
tice. Maybe ease of ob-
taining technicians would
be deciding factor.

If any one beside M.D.,
should be trained to take
readings with accuracy
and according to what-
ever uniform methods are
set up for taking and re-
cording such. Should
apply also to M.D.s,
since in a long-term study
interns or assistants will
necessarily change.

Should be some one wl
could not interpret it.

Well trained person other
than patient.

M.D. for crucial determin-
ation. Nurse, intern,
technicians under spe-

;fic guidanc
De Takat Nurse, technician Patient’s emotional stimuli

should be kept at mini-
mum. Sympathetic cas-
ual attitude of non-med-
ical personnel will yield
lower pressures.

Binges M.D., technician, nursi Title less important than
intern properly in-
structed and well-chosen

manner, presence, per-
sonality and authority.

and orderly, depending
personality and ca

pacity to be taught
Should always be same per

son. If well trained
should make little dif-

Page M.D., nurse, intern.

ference

Thomas

Wilkins
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Answer Rationale.
Keith M.D., nurse, intern, tech- Their nurse’s readings have

in general proven satis-
factory.

nician (trained).

Hamilton M.D In practice, M.D. usually
takes pressures. No ob-
jections to any other, if
skilled and reliable.
Many disappointments
from trusting (6), (d),

if), (9)
M.D., nurseGoldring intern, tech-

lical student.mcian, mei
M.D.Grollman For most accurate results,

one experienced in tak-
ing blood pressure desir-
able. Well-trained tech-
nicians who take blood
pressure readings regu-
larly are preferable.
Checks from time to time
by M.D. who takes blood
pressure readings regu-
larly.

M.D.Dawber They should be taken in
the same way that they
would ordinarily be
taken.

Goldwatbp M.D., nurse, intern, tech- Amy of these can be trained
to take readings.nician.

Perera M.D., intern. Doubts that it matters,
individual should be
capable and trained.
As few persons as pos-
sible, preferably M.D.’s,
might make results more
significant and less open
to criticism.

Arnold arse, intern, blood pres- Xurse can be taught t
sure recorder with steth- blood pressure and the

action may not scare the
subject. Intern can do

oscope.

equally
naybe insufficient ex-

perience for rest of ex-
aminat
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Rationale.ln-s wer.

Permanent record of pres-
sure changes by blood
pressure recorder with
stethoscope.

Non-physician less apt to
work the emotional man-
ometric reflex. Depends
on what we want
greatest number of hy-
per-reactors use M.D.;
the least, well-trained
technician.

Nurse, technicianSCHROEDBR non-
physician.

Any or all may cause
pressor responses (experi-
ence). Technician or
member of family can
succeed in taking blood
pressure (accurately) with
less pressor responses
than the M.D.

M.D., nurse, intern, tech-
nician, subject himself,

Palmer

member of family

Wakerlin Best acquainted with phys-
iological and pathophys-
iological backgrounds of
blood pressure and its
variations.

M.D. or intern preferred.
Nurse, orderly, technician

(capable of accurate
readings). Medical stu-
dent intermediary be-
tween the two.

Would not recommend that
subject himself deter-
mine his blood pressure
level.

The greater number of responses suggest the feasibility of
having an M.D. make blood pressure determinations. The
pressor effect of the observer is noted by the few respondents
who advise that a technician or nurse take the blood pres-
sure. In those instances where it is recommended that a
non-M.D. take the blood pressures, reference is made to
the fact that he be well trained and accurate in his pro-
cedure. One respondent suggested that the observer should
be some one who could not interpret the readings he ob-
tained. Another respondent specifically advised against the
patient measuring his own blood pressure.
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The answers reflect commonly held assumption reflected
in the literature that the observer may exert pressor or
psychic stimuli on the patient, with the result that various
kinds of observers will obtain different blood pressure re-
sults. Enough evidence is not available to enable us to
adequately confirm this observation.

Conclusions

In analyzing the questions and responses on the foregoing
pages it is possible to make some generalizations concern-
ing the points mentioned.

First, it seems definitely indicated that any particular pro-
cedures must be determined on the basis of what it is that
one wishes to know. For example, the answers to the ques-
tion concerning whether blood pressure should be measured
basally, casually, etc., are based on the assumption that the
basal is more indicative of the true state of the blood pres-
sure than is the casual. On the other hand, some responses
suggest that it is more important to know the state of the
blood pressure during those periods of time in which are

chic factors usually exerted
What criteria will influence
isual levels of blood pressure

present those physical and ps;
on and present in the subject,
the choice of whether basal or c
should be used? Most reading
casual readings rarely are si

to be found.

s found in the literature are
ries of basal determinations;c

Practical considerations as well as technical concern will
be involved in making choices of different procedures. Cir-
cumstances arising under field conditions might dictate the
choice of one rather than another method of making measure-
ments, contrariwise observations under clinical auspices
might necessitate a different choice.

The disagreement noted in responses to certain questions
emphasizes both the lack of empirical observations on which
answers may be firmly based, as well as the arbitrary nature
of several procedures which are currently in use in clinical
medicine. This disagreement reflects also the situation
which we have found in the literature. There do not seem



HOUSE No. 3050 [May106

to be specific consistent, or persistent criteria which will
enable one to provide adequate solutions to many of the
questions which may be posed in this aspect of blood pres-
sure determination. Perhaps answers may be provided
within the framework of a long-range epidemiologic study,
or by series of comparative observations on groups of un-
selected subjects chosen according to a carefully drawn and
scientifically adequate basis.

What is also not answerable with any great degree of pre-
cision is the significance of these factors enumerated in the
foregoing pages. To what extent does the consideration of
these factors ensure greater precision and accuracy in the
observations we may want to conduct? Is any margin of
error introduced by failure to consider these variables suffi-
ciently great to warrant further investigation into them, or
are the margins of error involved in other considerations,
e.g., instrumentation, etc., of such nature (i.e., small or
great) that this should influence the decision as to whether
exclusion or inclusion of these factors will to any significant
degree affect the results.

On certain features the responses of the questionnaire
seem to be fairly well agreed. One of these is the mainte-

nance of a certain degree of uniformity (of procedure) to pro-
vide greater reliability of comparison, e.g., that time of
measurement on successive occasions be the same; that
positions of subject when determinations are made be the
same, etc. The extent of variations among these factors is
difficult to determine, and it cannot be said with certainty
what degree of error will be introduced if uniformity is not
maintained. It does seem logical that, since the possibility
of errors being introduced by failure to observe uniform
criteria is present, that consistency should be maintained
wherever possible.

That the measurement of blood pressure is one of the
most important areas in medical science is attested by the
use which is made of knowledge of blood pressure readings
and by the vast numbers of references to the subject found

Introductory.
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in the medical literature. Some have said that blood pres-
sure measurement devices and the thermometer are the two
basic instruments for diagnosis. Cabot 1 has said of blood
pressure measurement “though one of the simplest, it is
the most important of all medical tests.”

Despite the fact that blood pressure levels have been re-
lated to just about every malady and disease known to
mankind, the amount of clinical findings of positive nature
in regard to relationship between blood pressure and various
diseases, with notable exception of essential hypertension,
is limited. Of course the level of blood pressure is an im-
portant datum in such conditions as various renal diseases,
toxemias of pregnancy, Addison’s disease, certain heart
conditions, e.g., aortic insufficiency, etc. Kilgore 2 has sug-
gested that “practical applications of blood pressure
measurement are few in comparison with the number and
size of the volumes written on the subject.”

We are here dealing not with the subject of blood pressure
measurement from the perspective of its application to
hypertension, although we are aware of its major importance
in any consideration of the subject. Blood pressure levels
are the first and all too frequently the only evidence of the
disease entity known as essential hypertension.

Despite the attempt that has been made within recent
years to bring some degree of standardization and uniformity
to the technique of determination of the blood pressure 3

,

it needs to be noted that there are many problems which
still remain unresolved. The training, interests and pre-
dilections of the individual observer are given undue im-
portance by virtue of the fact that many choices (the nature
of which will be expounded in the following pages) are left
to him in those instances where consensus is far from estab-
lished. It seems safe to assume that were an extensive ques-
tionnaire on various aspects of the measurement of blood
pressure presented to a sample comprising clinicians, prac-

Quoted from Cabot in Norris, O. W., Bazett, H. D., and McMillan, T. M., Blood Pre.
Kilgore, E. S., Blood Pressure Measurements: Uses and Limitations in Modern Medu

3 Bordley, James, 111, Charles, A. R. Connor, Hamilton, W. F., Kerr, J., and Wiggers, Carl J
Recommendations for Human Blood Pressure Determinations by Sphygmomanometers. Circula

on 4. 503, 19
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titioners, cardio-vascular specialists, etc., one would find
almost as many differences of opinion as there are questions.
The state of knowledge about many of the factors involved
in the measurement of blood pressure is not yet adequate
or conclusive enough to give certitude to results obtained
by specific procedures designed to get to the basis of the
problems involved. Some procedures are founded on a sub-
stantial bedrock of physiological knowledge and experi-
mental and clinical confirmation; others are largely mat-
ters of opinion based on evidence which falls far short of
satisfying standards of scientific method.

The present work is the outcome of a decision reached
many months ago 1

, that four major steps need to be taken
before a detailed and workable design for the long-term
epidemiological study of blood pressure can be under-
taken. The first of these was the development of a “stand-
ard method of blood pressure measurement for study use.”

What this report is, then, is an attempt to pinpoint the
lack of consensus which exists in regard to several prob-
lems of blood pressure measurement. For the most part,
blood pressure measurement has not been considered from
the perspective of the application of techniques and meas-
urement under conditions which may obtain in an epidemi-
ological field study. Perhaps some of the information will
lend itself readily to transposition to situations which may
be encountered in the field. In many instances this will be
more difficult, and a number of small-scale observations
may be necessary in order to implement present gaps in our
knowledge. Indeed, further studies may be necessary be-
fore large-scale field work can be undertaken.

This document represents one phase of the approach
which has been taken to deal with this problem of avail-
able current information that is, a survey of the pertinent
literature. Other phases involve the use of questionnaires
addressed to various experts, the conduct of limited field
observations, etc.

1 Work Program to Accompany A Proposal for Further Research in the Epidemiology of essential
Hypertension.
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Sources of Data.
The range of subjects covered and the quantity of the

available literature on the subject of blood pressure measure-
ment is of such formidable nature as to make the task of
reviewing it one of almost overwhelming proportions. It
is therefore stated at the outset that it has been deemed
practical, even necessary, to exercise some measure of dis-
crimination and to limit not only the numbers of items to be
examined, but also those aspects of measurement of blood
pressure which may be readily referred to in other sources.

As a point of departure for examination of the literature
a bibliography of the world literature on blood pressure
from 1920-1950 was used. 1 Approximately 1,500 items
comprising journal articles, monographs, textbooks, sym-
posia, reports, etc., were found under such rubrics as blood
pressure, blood pressure determination, blood pressure instru-
ments, etc.

Relevant items were also found under topics not identi-
fied primarily as the determination of blood pressure, i.e.,
under various diseases and disease states where blood pres-
sure measurement is implicated; under kinds of instru-
ments used to measure blood pressure and other cardio-
vascular functions; under various factors and variables
with which blood pressure measurement is related, etc.

Such standard reference works as The Quarterly Cumu-
lative Index Medicus, as well as its successor, The Current
List of Medical Literature, were extensively utilized. Un-
doubtedly many items which are not indexed in these refer-
erences would be found by more intensive coverage of all
medical indexes, but this procedure has not been deemed
feasible.

Numerous leads to sources not found under those specific
subject headings in the aforementioned sources were pro-
vided by bibliographies in textbooks, in comprehensive
journal articles, etc.

The frequency with which certain articles, papers, etc.,
have been referred to in various bibliographies have fur-

Bibliography of the World Literature on Blood Pressure, 3 vols., 1920-19.'
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nished some clue to the significance of specific items which
were then consulted. In some cases, the paucity of ma-
terial on certain phases of the problem has allowed the ex-
amination of all of the available material. In other cases
it has been necessary to cull selected items from among a
tremendous number of references.

One procedure which has been considered advisable for
many reasons has been the search for and subsequent utiliza-
tion of the kind of items which may be called “summary”
or “review,” in which extensive examination of pertinent
literature is reported. Among sources which have been es-
ecially valuable have been the following: McWilliam,
Master, et al., Norris, Bazett, McMillan, etc., Janeway,
T. C. Many items of relevance to the discussion of blood
pressure measurement are to be found in Master, Garfield
and Walters, Normal Blood Pressure and Hypertension A
In many respects, this report is an extension of the coverage
of the literature provide in the Master volume. In chapter
3, Factors Affecting the Blood Pressure Level, a summary of
the literature relating to factors affecting blood pressure
level is found. Age, sex, emotional states, sleep, “basal,”
“casual” and “supplemental” blood pressure, soft tissue
and vascular factors, weight, race and geographic location,
meals, ingestion of liquids, diet, starvation, exercise, atti-
tude, muscular exercise, position, pregnancy, inequality of
blood pressure in both arms are treated.

Several years ago, Wright, Schneider and Ungerleider 2

conducted a study whose purpose was to emphasize the
need for a universal standardization of the methods used
in measuring blood pressure. They observed: (a) the vari-
ations “ordinarily” occurring in the taking of blood pres-
sure by internes, attending physicians and postgraduate
medical students; (b ) how this procedure is taught by medi-
cal schools and (c) how institutions such as life insurance
companies, prescribe the measurement of blood pressure.

1 Master, Arthur M., Garfield, Charles 1., and Walters, Max 8., Blood Pressure and Hype>
tension. Philadelphia, Lea and Febiger. 1952.

2 Wright, I. S., Schneider, H. F., and Ungerleider, H. E., Factors of Error in Blood Pressure
Readings, A Survey of Methods of Teaching and Interpretation. American Heart Journal, Vol. 16,
938, pp. 469-476.
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The results observed in (a) showed a marked difference in
criteria employed as well as wide variation in the interpre-
tation of the sounds. Readings were obtained by the use
of multiaural stethoscopes permitting four observers to
listen to the sounds at the same time on the same patient.

In reference to (b ) questionnaires were sent to medical
schools, the replies to which indicated that 67 per cent
taught a “standard” method of blood pressure determina-
tion; 33 per cent did not teach a standard method. Of the
schools teaching standard methods, wide variations existed
in their opinions as to which methods should be used. In-
vestigation showed that some schools which claimed to
teach a standard method in practice actually do not. No
agreement existed in the medical schools as to what methods
should be taught or used clinically or in research.

Questionnaire responses in (c) showed that among insur-
ance examiners, 45 per cent employed a standard method,
55 per cent used various criteria. Here, also, the standard
methods used varied widely.

The authors suggested that the officers of the American
Heart Association appoint a national committee to study
the problems of blood pressure measurement with the pur-
pose of taking steps necessary to provide a standard method
of measuring blood pressure.

In 1939, 1 after a study of materials available, com-
mittees of the American Heart Association and the Cardiac
Society of Great Britain and Ireland jointly recommended
standard procedures for taking and recording blood pres-
sure readings in man. Revisions and modifications of these
recommendations were subsequently made in 1951 by com-
mittees functioning under the auspices of the Council for
High Blood Pressure Research of the Scientific Council of
the American Heart Association. 2

1 Standard Method for taking and recording Blood Pressure Readings, by committee for Stand
ardization of Blood Pressure Readings of American Heart Association, and Committee for Stai
ardization of Blood Pressure Readings of the Cardiac Society of Great Britain and Ircla
J. A. M. A. 113:294-297, July 22, 1939.

2 Recommendations for Human Blood Pressure Determinations by Sphygmomanomet
(J. A. M. A. Circulation, October, 1951.) Committee to Revise Standardization of High Bh
Pressure Readings. Council for High Blood Pressure Research of the Scientific C

>rk, 1951American Heart Assc
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Measurement of arterial blood pressure may be made by
direct means, wherein puncture of an artery is required, and
indirectly, by some type of sphygmomanometer. Most re-
ports concerned with the direct measurement of blood pres-
sure have been conducted in the experimental animal, al-
though a few investigations on human subjects are available.

Wiggers 1 suggests that direct measurements are not
generally feasible in man, and notes that their present use
is restricted to registrations of pressures in the bracliial and
femoral arteries where the pulse pressures are not identical
with those in the aorta.

Some of the instruments available for direct measure-
ment and recording of blood pressure include the Hamilton
Manometer, The Gregg adaptation of the Hamilton Ma-
nometer, the Strain-gauge pressure transducer, and the
string-electrocardiograph or ink-writing recorder.

Instruments for the indirect measurement of arterial blood
pressure in the human are as numerous as they are varied.
Basically, they are all modifications of the syphgmomanom-
eter, which in its simplest form has the following features:

(a) A compressing bag surrounded by an unyielding cuff
for application of an extra-arterial pressure.

(6) A manometer by which the pressure is read.
(c) An inflating bulb, pump or other device by which

pressure can be created in the system.
(d) A variable controllable exhaust by which the system

can be deflated both gradually and rapidly.
The essential requirements for a sphygmomanometer to

be used for general purposes may be listed as follows: (a) it
must with reasonable accuracy measure the systolic and
diastolic blood pressures; (6) it should be as free as possible
from errors of a subjective nature, e.g., acuity of the ob-
server, etc.; (c) it should not be difficult to apply or operate

it should not cause the patient undue discomfort, or pain;
and ( d) if it is going to be used under field conditions|it
should be fairly simple to transport.

PHYGMOMANOMETRY.

1 Wiggers, C. J, Physiology in Health and Disease, sth edition, Lea and Febiger, Philad<
1949, pp 692-693.
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Concerning the choice of a sphygmomanometer, Jane
way 1 has recommended the following:

1. The manometer must be of such construction as to give permanently
exact readings. No metal manometer yet invented remains accurate,
hence this means the use of a properly graduated mercury one.

2. The compressing armlet must have a width of at least 12 cn
3. The connections must be of practically non-distensible tubing
4. It must measure both systolic and diastolic pressures.
5. Its application must be simple and require not more than two or

three minutes.
6. It must be at once substantial, light and compact, so that it may be

easily and safely carried.
It should not be too costly

Specifications for the selection and maintenance of sphyg-
momanometers are found in Recommendations for Human
Blood Pressure Determinations by Sphygmomanometers.

Sphygmomanometers in general clinical use today are
either of the mercury or aneroid type; the former seems to
be the more favored by most investigators. Sphygmoma-
nometers may be of many varieties. Those generally used
in clinical work are of the ane
observers note that caution sh
the aneroid by regular calit
most) against a reliable merer

roid or mercury type. Many
ould be exercised in the use of
•ration (yearly, according to
try sphygmomanometer.
terits of aneroid and mercury
notes that in the latter, too

In discussing the relative r
sphygmomanometers, White 2

airtight a seal of the tube
by air compression or by rela'
blood pressure readings, too 1

with a mercury column may
tive vacuum result in errors in
ow during inflation of the cuff

and too high during decompression, completely to nullify
the generally reputed greater accuracy of the mercurial
sphygmomanometer. Cunningham3 reported that com-
pression by the sphygmomanometer cuff appears to pro-
duce a change in the blood pressure so that the systolic
reading usually is higher and the diastolic lower after the
cuff is inflated. He suggests that this apparent response

1 Janeway, T. C. The Clinical Study of Blood Pressure. New York, D. Appleton and Com-
pany, 1904.

2 White, P. D. Heart Disease, 4th edition, 1951, New' York, Macmillan, p. 109.
3 Cunningham, Robert S., Differences in Blood Pressure Values Determined by Inflating and

Deflating the Cuff of the Sphygmomanometer. American Heart Journal, 31:220, 1946.
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results from a stimulus from the vascular sutonomic system
reflexly affecting the cardiac and vascular tone, and that
the type and degree of response depends upon which fibers
are hyper-irritable at the time.

White advises that a maximal error of 3 mm. Hg. may be
considered permissible for sphygmomanometers in routine
clinical use at pressures up to 300 mm. Hg.; the average
error should be considerably less, but greater accuracy is not
needed clinically, since the significance of variations of a
few millimeters of blood pressure is generally negligible.
Wiggers 1 notes that it is probable that systolic pressure
readings cannot be recorded more accurately than within ±

10 mm. of the actual pressures obtaining. The Recom-
mendations 2 suggest that in the clinical measurement of
blood pressure a mean error of ± 8 mm. Hg. may be ex-
pected in individual readings of systolic and diastolic pres-
sures.

Kossman 3 has noted some variables which have an effect
on the indirectly determined blood pressure in the brachial
artery of man which have received attention from the
clinician in recent years. These are the position, the
venous content, the thickness and the location (right or
left) of the arm. In his opinion the importance of these
factors has not been sufficiently stressed a fact he ex-
plains is due to the tendency of the clinician to ascribe sig-
nificance to changes in blood pressure easily attributable to
the error of measurement inherent in the sphygmomano-
metric method.

Luisada 4 suggests the use of graphic sphygmomanom-
etry whenever doubts arise about blood pressure measure-
ments, and in particular cases with an auscultatory gap with
an indecisive diastolic pressure. He notes that patients with
coarctation of the aorta, arteritis or embolism of the limbs,
thrombosis of the abdominal aorta, or functional disturb-
ances of the peripheral vessels may require these tracings.

Wii ase, sth edition, Philadelphia,Lea a;J., Physiology in Health and Dl
1949.

R(

Kossman, Charles E., Relative Importance of Certain Variables in the
ion of Blood Pressure. American Journal of Medicine, 1, 1946 (Nov.), pp, 464-46’

4 Luisada, A. A., The Heart Beat, Graphic Methods in the Study of Cardiac Patients. New Y.
Paul B. Hoever, 1953, p. 158.
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Bordley and Regan 1 have made auscultatory determi-
nations of blood pressure recorded graphically, and simul-
taneously with the intra-arterial pressure tracing. They
note that simultaneous recording eliminates one source of
error in that the comparisons can be made with due regard
for the respiratory waves and other fluctuations in intra-
arterial pressure the systolic or the diastolic pressure of
the very pulse wave producing the auscultatory phenomena
can be measured.

Rappaport and Luisada2 have devised an apparatus
which registers all physiologic phenomena to be evaluated
for estimation of blood pressure by the palpatory, oscilla-
tory and auscultatory methods. One of the most recent
treatments of the subject of graphic sphygmomanometry is
provided by Luisada. 3

The Plesch tonoscillograph has been described by its in-
ventor as “providing a convenient and objective record of
the blood pressure curve which can be investigated and
checked by any one at any time”. 4

If a permanent file of blood pressure is desired, recording
sphygmomanometers, of which there are several kinds, will
provide graphic records. The oscillometer, in addition to
recording the levels of systolic and diastolic pressures, also
records fullness of the pulse quantitatively. White6 sug-
gests that oscillometric sphygmomanometry is theoret-
ically more accurate than the other techniques, but actually
less practicable because of the frequent difficulty in making
the readings. An electric manometer (a modification of the
Hamilton Manometer) which registers blood pressure in the
pulmonary artery, its branches, the right ventricle, the right
atrium and the great veins during cardiac catheterization is
available.

What is the relationship between measurements made by
direct means and those determined by sphygmomanometers?

1 Bordley, James, 111, and Charles Regan, The Accuracy of Clinical Determinations ofArterial
Pressure. Trans. Ass. Am. Physicians, 56:222-232, 1941, p. 223.

2 Rappaport, M. 8., and Luisada, A. A., Indirect Sphygmomanometry. J. Lab. and Clin. Med.
29:638, 1944.

3 Luisada, A. A. (op. cit.), pp. 153-1'
* Plesch, J., Blood Pressure and Its Disorders. 2nd Edition, Baltimore, The Williams and Wil-

liams Co., 1947.
8 White, P. D., Heart Disease. 4th edition, New York, Macmillan, 1951
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In one of the most comprehensive studies on adult human
subjects which have been carried out, Wolf and Bons-
dorff 1 used an optical manometer for recording intra-arterial
pressure through a hypodermic needle. They made a com-
parison of results obtained by this method with those deter-
mined by the auscultatory (Korotkow) method.

Twenty-five comparisons were made. In less than half
the cases did the auscultatory systolic and diastolic pressure
readings come within 5 mm. Hg. of the corresponding intra-
arterial pressure levels; in some instances the ausculatory
readings were more than 20 mm. Hg. either above or below
the intra-arterial. Their observations have been generally
interpreted as indicating that the auscultatory method
provides a reasonably accurate estimate of intra-arterial
pressure. No information enabling one to know whether
variations in arm circumference could account for some of
the discrepancies found is provided.

Hamilton and his associates 2
, using an optical mano-

meter on adult subjects, found that the results agreed
reasonably well with determinations made by the ausculta-
tory method. The values obtained by the latter method were
found to be on the average 3-4 mm. Hg., too low for systolic
pressure and 9 mm. Hg., too high for diastolic pressure.

Ragan and Bordley 3 measured the arterial blood pres-
sure in human subjects employing the intra-arterial method
of Hamilton and an auscultatory method similar to that
used in routine clinical blood pressure determinations.
The auscultatory systolic readings came within ±lO mm.
Hg. of the intra-arterial systolic pressure in S3 per cent of
the comparisons. The auscultatory measurements of dias-
tolic pressure (employing sudden fading of the Korotkow
sounds as an index of diastolic pressure) were usually higher
than the intra-arterial measurements.

A criticism of experiments comparing direct reading;
with auscultatory readings is noted by Ragan and Bordley

> Wolf, H. J„ and Bonsdorfl, 8,, Blutige Messung its Absoluten Sphygmograms beim Men-
schen. Ztscbr. f. d. ges. Exp. Med., 79:569, 1931.

2 Hamilton, W. F., Woodbury, E. A., and Harper, H. T., Physiologic Relationship between
Intrathoracic Intraspinal and Intra-Arterial Pressure. J. A. M. A., 107:853, 1936 (Sept.).

3 Ragan, C., and Bordley, James, 111, The Accuracy of ClinicalMeasurements of Arterial Blood
Pressure. Johns Hopkins Hospital, Bulletin, 69:525-528, 1941

Ragan, Charles, and Bordley, James, 111, The Accuracy of ClinicalMeasurements of Arterlail
Blood Pressure. Johns Hopkins Hospital, Bull. Vol. 69, 1941, p. 506 (pp. 504 528)
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They note that the pressures were not determined simul-
taneously, and that the intra-arterial pressure may fluc-
tuate considerably within the span of a few seconds, so
that it is important to know the precise point on the intra-
arterial pressure tracing at which the auscultatory readings
of both systolic and diastolic readings were made.

Burton 1 also makes the point that comparison made be-
tween arterial pressures measured by optical or electro-
manometers with those by the sphygmomanometer would
have validity only when the two were made simultaneously
on the same artery, which has seldom been done. He notes
that the manometers may measure correctly the pressure of
the moment at the end of its catheter, but asks whether that
pressure is the same as existed before the measurement in
the undisturbed circulation, and cites evidence that it can
sometimes be very different.

Concerning optical records of the direct manometer,
Steele 2 comments that the accuracy of their measurements
seems “unquestionable in theory although certain practical
difficulties leave room for error.”

In a recent experiment in which the relative merits of two
commercially available recording instruments, i.e., a “strain-
gauge” manometer and an electromanometer employing a
condenser microphone principle, Roberts, Smiley and
Manning 3 found the following: That the two manometers
failed to correlate with one another any more closely than
with the sphygmomanometer. They conclude that prac-
tical difficulties inherent in present-day technics will defi-
nitely limit any expected accuracy of such instruments,
especially so in the case of the electromanometer. Their
experience parallels that of Hamilton and his co-workers and
Steele with the optical manometer, and suggests that despite
the fact that the sphygmomanometer can only be read accu-
rately to the nearest 5 mm. Hg., it would seem to be as

1 Burton, Alan C., Blood Pressure Measurement. Am. Rev. of Physiology, Vol. 15, 1953, p,
219#.

2 Steele, J. M., Measurements of Arterial Pressure in Man. J. Mount Sinai Hospital, 8:1042
1941-1942, p. 1043.

3 Roberts, L. N., Smiley, J. R., and Manning, Q. W., A Comparison of Direct and Indirec
Blood Pressure Determinations. Circulation, Aug. 1953, Vol. VIII, No. 2, pp. 232-242 (p. 241
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accurate as any available electrical manometer.
In discussing the differences between auscultatory tech-

nique and sound recording apparatus, Wolferth and Mar-
golies 1 discuss the components involved in the considera-
tion of sounds. They mention two components, i.e., the
actual vibrations and the sensation produced by these vibra-
tions. It is noted that in cardiac auscultation the clini-
cian is concerned with auditory sensations produced by
the vibration; in registering sounds by means of a sound
recording apparatus, the physical characteristics of the vi-
brations are the primary concern. They conclude there-
from that recorded vibrations do not faithfully mirror what
is heard on auscultation.

Systolic and diastolic pressures vary from beat to beat
by some mm. of Hg. during respiration, which may in some
eases be the source of a fairly large error. These periodic
rises and falls in blood pressure which embrace several
respiratory periods are known as Traube-Hering waves.

The vibration of the column of mercury with the pulse
wave results in rises and falls of a few millimeters which
may also be the source of error in some cases.

On the basis of the evidence which we have examined, it
does not appear that graphic records more accurately meas-
ure the blood pressure than does the ordinary sphygmo-
manometer. Plesch has stated “we can carry out more or
less precise measurements by any of these methods”. 2

Auscultatory Technic

The most widely utilized method of blood pressurement
at the present time employs the sphygmomanometer and
the auscultatory technic originally proposed by Korotkow
in 1905.3 The KorotkoAv sounds, as described by Wiggers4

are as follows; Phase I— As the pressure falls there is a

1 Wolferth, G. C., and Margolies, A., Heart Sounds, in Stroud, W. D., Cardiovascular Disease.
Philadelphia, Davis Co., 1950, p. 71.

2 Plesch, J., BloodPressure and its Disorders, 2nd edition, Baltimore. The Williams and Wilkin;
Co., 1947, p. 18.

3 Korotkow. Ber Militararztl. Adad, St. Petersburg, 1905, 5. From Kylin, E., Der Blutdru<
lesMenschen Dresden und Leipzig, 1937, T. Steinkopff.

* Wiggers, C. Physiology: Principles of Human Physiology. Ed. by C. Lovatt Evans (10th
ed.) Lea and Febiger, Philadelphia, 1949.
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sudden appearance of a clear sound, as the first flow of
blood occurs through the compressed artery. This corre-
sponds to the systolic pressure. Phase II The sound
becomes more continuous, like a murmur. Phase 111 The
sound becomes progressively louder. Phase IV - The
sounds suddenly become muffled; this is the diastolic pres-
sure. Phase V The sounds disappear. Korns 1 has stated
that the customary division into phases is “unnaturally
dogmatic and unworthy of the emphasis which has been
placed upon it.”

According to Recommendations for Human Blood Pressure
Determination by Sphygmomanometers, the best index of
diastolic pressure is the point of complete cessation of sounds.
This is recommended on the basis of (1) a limited number of
comparisons between pressure determined by optical ma-
nometers and those determined by auscultatory criteria,
which strongly suggests that, on the average, the cessation
of sounds confirms rather better to the intra-arterial diastolic
pressure, and that dulling of sounds appears 5 to 10 mm. Hg.
above this level; (2) cessation of sound does occur in a very
large percentage of all individuals examined; (3) tests of
different examiners reveal that, probably owing to different
degrees of auditory acuity, there is a greater uniformity in
decisions as to when sounds cease than as to the point at
which they begin to muffle.

In recommendations formulated in 19392 it was sug-
gested that two values for diastolic pressure be recorded,
e.g., 150/85-75, the point at which the sounds suddenly be-
come dull and muffled, if a difference exists between that
point and the level at which the sounds completely disap-
pear. The present recommendations note that such a prac-
tice has not been followed very generally and doubt, on the
grounds of hemodynamics, the propriety of listing two fig-
ures as “diastolic pressure.” The use of the point of sudden
muffling of the sounds was based on (1) comparisons with
oscillatory criteria, and (2) on hemodynamic data derived

Korns. Am. J. Physiol. 76, 247, 1926
American Heart A of Blood Pressure Readi: R

mendations of the American Heart As:
Ireland. American Heart Journal, 18:9

elation and the Cardiac Society of Great Brit
101, July, 1939.
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from studies of excised or isolated arteries undergoing direct
compression or decompression.

The use of the disappearance of sound as the index of
diastolic pressure has been criticized by several investigators,
including physiologists and clinicians 1

,

2
. Burton calls

this “a major setback to medical science and the aban-
donment of physiological principle for an illusionary prac-
tical gain.” His argument is based on the fact that stream-
line flow of the blood stream is silent, and that if it is
heard it is due to turbulence. The disappearance of the
sound indicates the disappearance of turbulence, and there
is no good reason why this disappearance of turbulence
should coincide with diastolic pressure. Sounds persist down
to very low values, while the change of sound occurs at
reasonable levels. Judgment of when a sound has “dis-
appeared” depends on the acuity of hearing and the proper
placing of the stethoscope bell. On the other hand, suggests
Burton, there is a very good reason for the change in sound
to occur at diastolic pressure, “for here the silent period at
the end of diastolic, when the artery is momentarily closed,
has been eliminated and the sound is continuous, no longer
staccato.” Roberts, Smiley and Manning3 recently pre-
sented data establishing statistically that the point of
muffle shows less change than does the disappearance, de-
spite physiologic variations in patients. They conclude, on
the basis of this data, that the muffle bears a more constant
and closer relationship to the “true” diastolic pressure than
does the disappearance of sound. It was also demonstrated
that one physician is able to repeat muffle readings more
accurately, and that three physicians agreed more closely
on muffle rates before and after exercise.

Read and Brown 4 have conducted observations which
indicate the diastolic pressure presents greater difficulties
in measurement than does systolic pressure. This fact is

r e Measurement, in Annual Review ofBurton, Alan C., Bh V

1953, p.
2 Roberts, L. N., Smiley, Jr., and Manning, G. W., A Comparison ofDirect and Indirect Blood

V

Accurate Measurement of Diastolic BloodJ. M., and Brown, J. S., A Note up

Pressure. American Heart Journal, 24:182-186, Au;
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amply substantiated by the considerable amount of litera-
ture on the subject, and the disagreement which exists on
criteria for the determination of the diastolic pressure. This
is further discussed below.

Read and Brown note that the accuracy of measurement
of the systolic pressure, by the auscultatory method, is sub-
ject to check by palpation, whereas this cannot be done in
the case of the diastolic. They suggest as a means of re-
ducing the probable error in measuring diastolic blood pres-
sure the following:

It is common knowledge that, throughout the range of pulse pressure,
there is a definite oscillation of the mercury column, or of the needle of an
aneroid instrument. As the pressure on the encircling cuff is increased,
oscillation begins as soon as this pressure against the artery first exceeds
the intra-arterial pressure at the end of diastole. The entrance of each
pulse wave into the compressed segment of artery makes a sound, and it
also increases the intra-arterial pressure, which is transmitted back
through the compressing system into the indicator. This causes an in-
termittent oscillation which is usually about 1 mm. Hg. at the diastolic
(and systolic) end points.

Attention to these two points of change in amplitude of
the movement of the indicator will convince any one that
they correspond to the same points at which the systolic
and diastolic pressures are read by auscultation. In fact,
it is possible to measure systolic and diastolic pressure with
considerable accuracy by utilizing only this visual method.

On a series of 102 ward patients observations were made
by the visual method alone (recording diastolic and systolic
pressures) and by auscultation. Readings were made
simultaneously. Sphygmomanometers of mercury and
aneroid type were used alternately. Coefficients of correla-
tion were calculated for the two series of observations; for
diastolic pressure correlating coefficient was 0.95, for systolic
pressure it was 0.98. These values are extremely high
and need to be considered in the light of factors not readily
seen in the measures themselves.

The comment made by Kilgore in 19181 concerning the

1 Kilgore, E. S., Blood Pressure Measurements: Uses and Limitations in Modern Medicine
Lance 2:230-239, 1918, p. 237.
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choice of muffling or disappearance of the sound as the
criterion for diastolic pressure seems appropriate today
“after a considerable number of researches on the subject
there is still lack of agreement as to which auscultatory
phenomenon indicates diastolic pressure, the change from a
loud to a dull tone or the final disappearance of arterial
sounds.”

Oscillation

The Recommendations 1 advise the comparison of the
systolic pressure by the palpatory and auscultatory method.
The reason for this procedure is that it reassures the patient
and gives the examiner a rough idea as to the maximum
pressure to which the system needs to be elevated in sub-
sequent determinations. It is suggested that in case the
palpatory reading is higher than the auscultatory, it should
be accepted as the reading for the systolic pressure.

Barron 2 has pointed out that the palpatory method is
not exact, that the true systolic pressure is usually 5 to
10 mm. higher than the time at which the reappearance of
the pulse takes place, and that the diastolic pressure cannot
be measured by the palpatory method. Comparative studies
have noted that systolic pressures determined by ausculta-
tion are from 5-15 mm. higher than those obtained by
palpation the subjective element involved in the tech-
nical proficiency of the observer affects results obtained by
palpation.

MacWilliam 3 notes that the difference in readings by
auscultation and palpation have been estimated at 5-14 mm.
His experience is in agreement with the lower values, usually
being only a few millimeters.

Wiggers 4 notes the lack of understanding of the phys-
ical reasons for, as previously noted, the results from the
palpatory method being higher than those obtained by
auscultation.

Recommendations, p. G.
Barron, D. H., Blood Pressure: Its Establishment and Estimation in Physiology (ec
ton, 16 ed. Philadelphia, 1949, pp. 702-722 (p. 714).

MacWilliam, J. A., Blood Pressures in Man under Normal and Pathological Conditions

141Health and DuW *h
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Position of the Arm.
Some clinical experience is reported in the literature con-

cerning the relationship between the position of the arm in
which blood pressure measurements are taken and the
differential readings obtained. Changes in position of the
arm are found to produce changes in the blood pressure of
the arm probably as the result of both vasomotor and hydro-
static effects upon the volume of blood.

Kossmans 1 notes that the importance of this factor does
not seem to have been stressed sufficiently, and ascribes
this to the clinical tendency to ascribe significance to changes
in blood pressure easily attributed to the error of measure-
ment inherent in the sphygmomanometric method.

In one of the older reports on the relationship between
arm position and blood pressure, Kahn 2 studied a group
comprising 27 normal individuals, and some with neurocircu-
latory asthenia, thyrotoxic conditions, tachycardia, nephri-
tic hypertension and endocarditis. He noted that there was
a progressive fall of the systolic and diastolic pressure
readings as the arm was raised upward, the amount of the
fall was found to increase with the degree of elevation
of the arm. Upon raising the subject’s arm through 180°
(45°, 90°, 135°, 180°) a considerable fall in pressure was ob-
served. The curve of the diastolic pressure drop paralleled
that of the systolic pressure, although slightly less. In 180°
elevation there was an average fall of 53 mm. in the systolic
pressure, of 42 mm. in the diastolic pressure. On the return
of the arm to the previous position it was reported that the
pressure returned to the original read

1946, Stein3 examined 100 young adults, aged 20
35 years, admitted to hospital because of trench foot. He
found that the position of the arm has a, definite and uniform
effect in blood pressure readings. The systolic pressure was
lowest when the arm was hyperabducted, i.e., lying along

rRelative Importance of Certain Variables in the Clinic
4-46I

H., The Position of the Arm in Blood Pressure. Met

7h
[946
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the axis of the body; it becomes higher as the arm is ab-
ducted and brought toward the side of the body in the hori-
zontal plane. Stein recommends a neutral position of the
arm, 45 to 90 degrees from the side of the body, as probably
the optimum position for the estimation of blood pressure.

Berry 1 studied the effect of change in body position on
the blood pressure as related to the position of the arm
on which the blood pressure was being determined. He
found that the diastolic blood pressure did not appear to
increase significantly as subjects changed from a supine to
an erect posture. Berry attributes this to the pendant posi-
tion of the subject’s arm causing a change in the hydrostatic
effects of gravity and also engagement of the vascular sys-
tem of the arm distal to the sphygmomanometer cuff or
venous engorgement.

In the Recommendations for Human Blood Pressure De-
terminations by Sphygmomanometers 2 it is recommended that
“the arm should be bared, slightly flexed, abducted and
perfectly relaxed. In the sitting position the forearm should
be supported at least level on a smooth surface. The
hand may be pronated or supinated later, depending on
which position is found to yield the clearest sounds.”

On the basis of the comparatively few published reports
on the effect of the position of the arm on blood pressure
readings the importance of using a standard position in tak-
ing blood pressure seems indicated. It is fairly obvious from
available evidence that measurements taken with the arm
in different positions null result in discrepancies in readings.
The position recommended by Stein and the American
Heart Association may be used as standard for routine
measurement of the blood pressure. If readings are taken
on a patient at different times the use of different positions
of the arm should be noted on the record. It seems advisable
to employ the same position of the arm where repeated and
frequent measurements need to be made.

1 Berry. M., Influence of Position of Arm and Body on Pressure Determined by Auscultation
Proc. Staff Meet, Mayo Clinic, 16:29-39 (Jan.) 1941.

Recommendations , op. cit. p.
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The usual blood pressure reading refers to the pressure in
the brachial artery on one side. Concerning the question of
variation of blood pressure readings in the two arms, very
little is found in the recognized textbooks and journal litera-
ture beyond the passing reference to the fact that in cases
of aortic aneurysm the pressures may be unequal. It has
been demonstrated that many “normal” people may have
a different pressure in each arm. The literature fails to re-
veal more than a few articles on this aspect of blood pres-
sure measurement. Rueger 1 has reported that “very little
has been written concerning the variation of the blood pres-
sure in the right arm and left arm.” It would seem that in-
equalities in the blood pressure between both arms is re-
garded either as too slight to be of consequence, or, if more
than slight, to be inconsequential. However, in discussing
differential brachial blood pressure, Kossman 2 suggests the
fact that it has been insufficiently stressed.

Very rarely does a report mention whether readings have
been taken on the left or right arm, or of differences which
may be found. Some discussions suggest that most physi-
cians indiscriminately use either arm, and that few make it
a practice to record the readings on both arms. In the Rec-
ommendations for Human Blood Pressure Determinations by
Sphygmomanometers 3

, no mention is made as to whether
the blood pressure should be taken in the right or left arm,
or of any disparity between measurements so obtained.
White 4 suggests that it is often wise to measure blood
pressure in both arms (especially if there is suspicion of
syphilitic aortitis), and to repeat blood pressure measure-
ments several times at intervals of a few minutes if ab-
normal readings are found at first.

Blood Pressure Readings on Both Arms.

1 Rueger, M. J., Blood Pressure Variations in the Two Arms. Am. Int. Med. 35:5, Nov. 1951,
1023-1027.

2 Kossman, Charles E., Relative Importance of Certain Variables in the Clinical Determine
tion ofBlood Pressure. Am. J. Med. 1, 1946, (Nov. pp. 464-467).

Recommendations, op. cit. p,
White, P. D., Heart Disease, 4th edition, New York. Macmillan Co. 1951
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Amsterdam and Amsterdam 1 state that a knowledge of
disparities in brachial blood pressures is of utmost im-
portance for the standardization of blood pressure readings
and in the diagnosis and prognosis of blood pressure ab-
normalities. They recommend the recording of blood pres-
sure observations in both arms as routine practice. They
recommend that the right arm be regarded as the standard
arm, and subsequent blood pressure comparisons should be
made on the basis of right arm records. It is noted that
significant differences in blood pressure between both arms
in so-called normal subjects are relatively common, and are
very frequent in hypertensives, but are rarely caused by
aortic aneurysm, thoracic neoplasm, an extracervical rib,
congenital vascular anomaly, etc.

Page and Corcoran 2 state that large differences in arm
pressures demand further examination. They may be due
to marked dilatation of the aorta, to hyperplastic cushions
of fibrous and other sclerotic tissue at the mouths of the
innominate or subclavian arteries, or from partial rupture of
the aorta. Some conditions, e.g., postural subclavian com-
pression, may account for wide pressure differences and dis-
appear with extension of the arm. Hemiplegia alone does
not satisfactorily account for more than minor differences.

Kay and Gardner 3 studied 125 patients, making 500
readings. They used as a criterion of normal variation sto
10 mm. Hg. in the systolic or diastolic readings of the two
sides. They found 100 patients within normal limits and
25 as distinctly abnormal. Hypertensive and arterioscle-
rotics more often showed variations. Sex apparently did
not affect the variations. The right arm was the highest in
the majority oi cases.

As in the efforts to compare indirect versus direct methods
of blood pressure measurement, greater accuracy may lie
assumed if the blood pressure is determined simultaneously

1 Amsterdam, 8., and Amsterdam, A. L., Disparity in Pressures in Both Arms in Normal and
Hypertensives and its Clinical Significance: Study ofNormals and 272 Hypertensives. New York
State Journal of Medicine, 43:2294-2300, Dec. 1, 1943.

2 Page, I. H.. and Corcoran, R. C., Arterial Hypertension. Chicago Year Book Publishers,
1949, p. 18.

3 Kay, W. E., and Gardner, K. D.. Comparative Blood Pressure in the Two Arms. California
and Western Medicine (Aug. 1930), 33:578.
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in each arm. Korns and Guinaud 1 determined blood
pressure by the indirect method simultaneously in both
arms of 731 men and 269 women. Inequality of blood pres-
sure was found in 37.8 per cent. In three quarters of the
subjects the higher reading was on the right arm. They
concluded that “spygmic inequality without organic dis-
ease is probably always transitory, and it is reasonably
certain that all normal persons manifest it at one time or
another.” The inequality may involve only the systolic
pressures, or only the diastolic, or both. Both right pres-
sures may be higher than both left or (vice versa) the right
systolic higher than the left, or the left diastolic higher than
the right, or vice versa.

Shock and Ogden 2 reported a statistically significant dif-
ference in the blood pressure of the two arms in half of
the subjects they examined.

In a series comprising 516 patients, entailing in all, 6,192
(12,384 estimations) examinations, both sexes and young
and old subjects, Southby3 found the following; (a) the
difference between the readings on the two arms was much
greater in some individuals than in others, and rvas usually
greater the higher the systolic reading in the right arm;
(6) very rarely did the readings in the two arms corre-
spond exactly, and only very occasionally wr as the reading
higher in the left arm than in the right.

Amsterdam and Amsterdam4 recorded bilateral blood
pressure readings in 1,000 individuals with an apparently
normal cardiovascular system and in 272 hypertensives.
They found blood pressure disparities in 76.4 per cent of all
normals; in 70 per cent the right systolic was higher than
the left, 6.4 per cent in which the left systolic wras higher
than the right. In 65 per cent the right diastolic pressure
was greater than the left, in 8.5 per cent the left diastolic

1 Korns, K. M., and Guinand, P. H., Inequality ofBlood Pressure. Journal of Clinical Investi-
gation, Jan. 12, 1933, p. 143.

2 Shock, N. W., and Ogden, E., The Probal)le Error of Blood Pressure Measurements. Qtl. J.
E.xper. Physiol. 29:49, 1939.

3 Southby, R., Some Clinical Observations on Blood Pressure and their Practical Application,
with Special Reference to Variation of Blood Pressure Readings in the Two Arms. Med. Jour, of
Australia, Vol. 11, No. 17, Oct. 1935, 5.

4 Amsterdam and Amsterdam, A. L. (op. cit., p. 1 this section), p. 2295.



HOUSE No. 3050 [May128

pressure was higher than the right. Disparities in systolic
and diastolic blood pressures were found in male and female
and in all adult age groups. They noted a tendency toward
a slightly greater increment with each decade. In hyper-
tensives they report that significant pressures are very fre-
quent, although relatively common among so-called normals.

Rueger 1 examined a group of 755 office patients and
made 1,388 blood pressure readings on each arm of these
patients. He found the blood pressure to be highest in the
right arm in 991 readings, as compared to 273 in the left
arm, and to be equal in both arms in only 132 readings. In
more than half the cases there was significant systolic varia-
tion in the two arms, and in over one third of the cases
there was a significant diastolic variation. Rueger suggests
the advisability of recording readings in both arms or at
least to use the arm consistently in interpreting the results.
He also advises that the same arm be used consistently for
follow-up studies.

With the exception of Amsterdam and Amsterdam the
authorities cited, although acknowledging variation of read-
ings in the two arms, regard them as inconsequential or not
frequent enough to be of great concern. The impression is
gained from the literature in this area that there is an
awareness of differences in results obtained by measurement
of blood pressure on the right or the left arm, when repeated
observations are necessary.

The reasons for the disparity have been largely a matter
of conjecture. Southby2 points out that some of the con-
ditions pointed out as causative factors are of much rarer
occurrence than is the difference of pressures even in those
figures quoted by foregoing observers, e.g., functional
changes in the blood vessels of the two arms, hypoplasia of
the aortic arch, etc.

A considerable amount of literature exists in which blood
pressure observations have been made to determine the

Arm, Leg Differences.

Rueger, M. J. (op. cit.), p. 102'
nthby, R. (op. clt.), p. 3, p. 576, bottom,
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degree to which differences between blood pressure in the
thigh (femoral artery) and in the arm (brachial artery)
exist. A number of considerations are involved in dis-
cussing differential pressures found in the arm and thigh.
Some attention has been given to the use of cuff-size of
varying widths for the measurement of limbs, as the size
has been found to influence the results considerably, so that
actually observed differences have really been due to in-
accuracies in the instrument of measurement rather than in
basic differences

Kotte, Iglauer and McGuire 1 note that femoral systolic
blood pressure cannot be measured with the ordinary
13 cm. cuff, and suggest the use of a wider cuff (15.5) for
more accurate measurement of the femoral systolic pressures.
They report that femoral diastolic pressures obtained with
either cuff were grossly inaccurate in the subjects they
observed.

There seems to be little agreement regarding the relation-
ship between femoral and brachial blood pressures. White
notes that femoral artery pressure is greater than that in
the brachial artery and offers these explanations: (1) its
larger size, (2) the greater bulk of soft tissue mass to be
compressed in the leg, (3) the lower position of the femoral
artery in the body in the upright position, hydrostatic pres-
sure thus adding its effect, and (4) a certain amount of
compensatory vasconstriction in the lower part of the body
m the erect posture.

Kotte, Iglauer and McGuire 3 state that the usual clinical
concept is that the femoral systolic blood pressure is ap-
proximately equal to the brachial systolic blood pressure
in normal persons. Hamilton and associates, 4 using arterial
puncture on an unstated number of normal subjects, found
the femoral systolic pressure higher than the brachial. The
femoral diastolic pressure was found to be the same or slightly
lower than the brachial diastolic pressure

J., Iglauer, A., and MeGuirc, J., Measurements of Arterial Pressure in Arm and
Leg, Comparison of Sphygmomanometric and Direct Intra-Arterial Pressures, vrith Special At\Direct h

1944tion to their Relationship in Aortic Regurgitation. American Health Journal, 28:476-490, Oct. 194*
Heart Disease. 4th edition, New York, MWl:

McGuire (op. cit.), pp. 47&-4tKotte, I

:c 4,
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The Council for High Blood Pressure Research of the
Scientific Council of the American Heart Association,
through its Committee to Revise Standardization of High
Blood Pressure Readings suggests that in the normal person
systolic pressure in the thigh may be 10M0 mm. higher
than arm readings, but diastolic pressure is essentially the
same.

Gambill and Hines 1 found the difference of blood pres-
sure in the arm and thigh of 112 subjects to be consider-
able. Not only were values different from subject to
subject, but in the same subject there were variations,
depending on such circumstances as the emotional state and
the position of the subject. Average differences when the
patient was in the horizontal position were 35 mm. systolic
and 27 mm. diastolic; when the upright position was
assumed the differences were much greater, measuring
78 mm. svstolic and 66 mm. diastolic.

Stewart2 and associates recommend the use of a standard
cuff for both arm and leg in measuring blood pressure
because of its simplicity and the difference in size of the
upper and lower extremities.

As in the case of comparisons of measurements between
right and left arm, simultaneous leg-arm registration has
not been made, although there is not sufficient evidence to
suggest that any differences between leg and arm readings
would be greatly modified if simultaneous measurement
was made. In measuring leg blood pressure note should be
made of the size of sphygmomanometer cuff. In 1939 the
American Heart Association and the Cardiac Society of
Great Britain recommended a cuff 15 cm. wide for blood-
pressure measurement in the thigh. The 1951 Recom-
mendations 3 suggest that if one uses apparatus on a normal
individual in which the thigh diastolic reading is higher than
the arm diastolic reading, the cuff width cannot be trusted
to give correct readings. There may be special reasons for

ill, E. E., and Hines, E, A., Jr., American Journal, 28:763 (Dec
2 Stewart, Harold J., Newman, A. A., and Evans, W. F., Levels ofBlood Pressure in Both Arms

Legs in Normal Subject and Patients Suffering from Certain Diseases. Am
of Medicine, Vol. 1, 1946 (Nov.), pp. 451-4'

8 Recommendations (op. cit.), p
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making measurement of the femoral blood pressure in diag-
nosis. The increase of leg over arm systolic measurements
when the patient is horizontal are of value as confirmative
evidence in the diagnosis of doubtful cases of aortic in-
sufficiency. They are also useful in estimating the extent
of aortic valve damage 1 In general clinical procedure there
does not seem to be sufficient reason for including it in the
routine blood pressure examination.

The Recommendations 2 furnish some advice concerning
prolongated periods of constriction by the sphygmomano-
meter cuff for repeated measurements of the blood pressure.
Steigiitz3 considers this marked prolongation one of the
major sources of error in blood pressure determination. Since
the constriction causes a compensatory rise in the blood
pressure, he suggests that the most accurate technique of
measurement involves speed, maintaining that it is wiser to
take two or three rapid readings, taking the mean of the
observations, than one slow, prolonged observation.

It is noted therein that after a first reading, procedures
should be carried out as quickly as is consistent with ac-
curate determinations.

MacWilliam4 notes that some persons under pathological
conditions are specially liable to show a decided rise in
pressure from repeated or continued compression, especially
when the arm becomes congested distally to the compressing
armlet

Limitations in Modern MetA,d
L!

Rc
4rlerial Ifii pertension in Diagnosis and Treatment of Cardiovascular D,C

F. A. D;

4 MacWilliam, J. A., Blood Pressures in Man under Normal and Pathol
pp. 304Phys. P

Speed of Measurement.



HOUSE No. 3050. [May132

One of the aspects of sphygmomanometry which has re-
ceived considerable attention in the literature of blood pres-
sure measurement is the size of the sphygmomanometer
cuff and its effect on blood pressure readings. The impor-
tance of the cuff width was recognized early in the develop-
ment of the sphygmomanometer. The presently accepted
width, 12-13 cm., is based on observations made originally
by von Recklinghausen 1 and Janeway 2

, who noted that
the soft tissue distorts the actual pressure applied to an
artery when a narrower cuff is used. Their choice of the
13 cm. cuff for arm use was based on observations that
approximately the same pressure could be obtained in the
arm as in the leg. A study done by Kotte, Iglauer, and
McGuire 3 did not confirm these results. In extreme cases,
von Recklinghausen recommended a wider cuff (15 cm),
as adequate for any extremity.

Robinow and associates 4
,

5 using the direct method for
comparison, showed that the width of the cuff as related to
the size of the arm influences the accuracy of the result
obtained by the indirect method. After extensive simul-
taneous studies of blood pressure by the direct and indirect
methods with different cuff widths, they suggested three
cuffs of different widths for the arms for children: that is,
2.5 cm. for new born infants, 5 cm. for small children, and
9 cm. for large children. They find the 13 cm. cuff satis-
factory for measuring the blood pressure in the arm of an
adult. As many others have, they also recommended the
use of a cuff wider than 13 cm. if a person is unusually
obese.

Ragan and Bordley note that the substitution of a wide

Cuff Size.

Von Recklinghausen, H., Über Blutdruckmessunq bein Menschen
2 Janeway, T. C., The Clinical Study ofBlood Pressure. 1904, New York and London, D. Appl
>n -Century Co.

I. IT., Iglauer, A., and McGuire. American Heart Journal, Vol. 28, 1
>w, I. N., Hamilton, W. F., Woodbury, R. A., and Volpitto, P. P., A

of Diseases of Childhood, 58:101
5 Woodbury, R. A., Robinow, M. and Hamilton, W. F., Blood Pu

Am. J. Phys. 122:472, May, 1938.



1956.] No. 3050.HOUSE 133

(20 cm.) blood pressure cuff for the standard (13 cm.) cuff
in some obese subjects afforded more accurate ausculatatory
measurements of both systolic and diastolic pressure. In
most of their subjects, however, the wide cuff yielded
measurements which were too low.

Erlanger 1 in 1904 experimented with cuffs of different
widths, varying from sto 17 cm. Me found the error pro-
gressively less with increasing width of the cuff, but it
did not seem to be entirely eliminated even with the 17 cm.
cuff. In routine use a 12 cm. cuff was found to present the
smallest degree of error.

Hensen2 and Hill and Flack 3 showed that in the absence
of edema and muscular contraction and with a sufficiently
wide cuff, the size of the arm makes little difference in the
reading.

Kotte, et al. found by comparisons of blood pressures
obtained by direct and indirect methods, that the femoral
systolic pressure cannot be measured accurately with the
standard (13 cm.) cuff, and that a wider (15.5) cm. cuff
permits more accurate measurement of the systolic pressure.
They found the femoral diastolic pressure obtained with
either cuff grossly inaccurate in all subjects.

The Recommendations advise the following: that the
cuff should be approximately 20 per cent wider than the
diameter of the arm or thigh on which it is to be used.
These cuff-sizes are suggested: for thighs of adults, 18 cm.,
for arms of adults, 12 cm.; for children under 8 years, 8 or
9 cm.; under 4 years., sto 6 cm.; under one year, 2.5 cm. or
less. They note that a length of bag sufficient to half en-
circle a limb is adequate, care being taken to place it on the
side of the compressible artery. Some authorities believe
that the risk of misapplication is obviated by use of a bag
that nearly or completely encircles a limb.

John Hopkins HojJ., and Hooker, D. R., Studies in Blood I

Jrucks, Deutsch. Arch. f.Henson, H., Beitr(age) 2. Physiologic und Pathoh
Klin. Med. 67:443, IS

MiHill, L(3 Hill, Leonard and Flack, Martin, On the Method of measuring the Systo
nd the Accuracy of this Method. Brit. Med. Journal, 1:272, 1909.
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Position of the Patient in Blood Pressure Measurement
The question of what position the subject should be

placed to determine his blood pressure is one which has not
been greatly dealt with in so far as the literature is con-
cerned. There are available reports of observations on in-
dividuals in sitting, standing and lying positions. Some of
these have concerned themselves with noting changes in
systolic pressure in order to determine the physical fitness
of the individual 1

. Some studies 2 report observations made
with subjects in other positions in addition to the standing,
lying and sitting, e.g., crouching, kneeling, standing-sitting-
lying with one or both feet extended, etc. There does
not appear to be an}r consistency or agreement in the results
obtained by various investigators. There is variation in
blood pressure measurements taken under different postural
conditions so far as the available data show. Some report
higher on standing, some lower; some higher sitting, etc.
The variations do not seem to be great, although exceptions
should be noted in such conditions as essential orthostatic
hypotension, which is now considered a specific clinical
entity. Different results have been obtained with a change
from one position to another, e.g., lying to standing has been
active (subject unaided) or passive (subject elevated or
raised).

Meakins 3 has remarked that the influence of change of
posture, either active or passive, has been the subject of
considerable controversy. He attributes this to the fact
that all apparently normal individuals do not react in the
same manner, and suggests that no consistent change in tin
blood pressure is found on change in position, whethei
active or passive.

Explanations of why there are changes in blood pressure
in different positions have been related to hydrostatic in-
fluences affecting the amount of blood in the splanchnic

References 4 to 7in Currens paper. Am. H. J. 35:646, 1948.
MacWilliams, J. A., Postural Effects on Heart Rate and Blood Pressure. Quarterly

Physiology, V

Meakins, J., Arterial Hypertension and Hypotension and their Clinical
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area and the blood pressure in the head, in addition to the
different postures.

Some investigators have noted that the systolic and
diastolic pressures undergo changes of different degree in
the standing and recumbent positions. Schneider and
Truesdell 1 and Currens2 note that the difference in diastolic
pressure is greater in the standing than in the recumbent
position, and that the degree of change in the diastolic is
greater than the degree of change in the systolic from the
recumbent to the standing position.

Berry 3 states that the diastolic blood pressure of normal
subjects does seem to increase significantly as subjects
change from supine to erect postures. He attributes this
to the pendent position of the subject’s arm, since, when
the arm is held at heart level or higher, increases in di-
astolic pressure are not evident. Auscultatory blood pres-
sure determinations with the subject in erect posture should
take account of the position of the subject’s arm. Berry
makes the following recommendation for the determina-
tion of the blood pressure of erect subjects; “elevation of
the subject’s arm above his head, rapid inflation of the
sphygmomanometer cuff to produce a pressure above the
systolic blood pressure and lowering of the arm to the
level of the heart before the ordinary auscultatory method
of determination of blood pressure is initiated.”

The Recommendations advise that the subject may be
placed either in a recumbent position or comfortably seated
when his blood pressure is being measured, making the
assumption that there is no significant difference in the
blood pressure in either position. There do not seem to be
any indications for the choice of the sitting or the lying
position for routine clinical measurement of blood pressure.
If one is interested in getting a subject to basal level, the
recumbent position seems to be more advisable than the

rier, E. C., and Truesdell, D., A Statistical Study of the Pulse and the Arterial Blood
Pressures in Recumbency, Standing and after Standard Exercise. Am. J. Physiol. 61. 429, 1922

Currens, J. H., A Comparison of the Blood Pressure in the Lying and Standing PositionPositions: A
500 Me Women. Am. Heart J. 35:646, 1948

3 Berry, M., Jr., Influence of the Position of the Arm and Body on Blood Pressure Determined by

Auscultation. Mayo Clinic, Prc the Staff Meetings, 16, 1941, pp
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sitting. The use of sitting, standing and lying positions for
blood pressure determinations is not suggested in the
Recommendations. It is, however, recommended in special
instances for purposes of differential diagnosis, e.g., ortho-
static hypotension.

It seems advisable that repeated measurements at one
examination, or measurements taken periodically, should be
made with the subject in the same position to provide
greater accuracy in comparisons.

Basal, Casual and Resting Levels of Blood Pressure
Blood pressure levels as they are usually determined are

widely variable; it has been suggested that the development
of standardized conditions will reduce this variability.
Procedures designed to obtain stable blood pressure levels
have been devised, and it has been found that these are
lower than pressures ordinarily obtained. Kilpatrick 1 notes
that there is no evidence to show that such basal pressures
are physiologically constant. Despite the existence of
certain criteria for the attainment of basal conditions
(vide: Recommendations) there seems to be a number of
different procedures advocated by various clinicians and
practitioners.

Among the desirable results of measuring the blood pres-
ure under basal conditions, in addition to its supposed lesser

variability, is the reduction of psychic involvment due to
feelings of anxiety and concern which is believed to affect
the blood pressure response.

Kilpatrick 2 in a series of observations on normals per-
formed over a period of two weeks to one month found
that in normal subjects the basal systolic pressure of his
subjects was almost constant. The casual blood pressure
manifested a greater degree of variability. In pre-hyper-
tensive subjects (according to criteria of Hines (1940) and

atrick, J. A., The Variation of Casual, Basal and
Health and in Essential Hypertension. British Heart Journal, Vol. 10, 1948, pp. 48-56

2 Kilpatrick, J. A., The Variation of Casual, Basal and Supplemental Blood Pi
Health and in Essential Hypertension , British Heart Journal, Vol. 10, 1948, pp,
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Ayman (1934) he noted that the basal pressures were slightly
less constant than in the normal subjects, and that the casual
ystolic pressures were more variable than in the normal
übject

Phe answer to the question of whether routine blood pr
ure measurement should be made under casual conditions

(defined here as the kind of reading most often made in
office practice, usually with subject in sitting position, and
one at any time from entrance ofpatient up to 15 minutes) or
under basal 1 (defined as a state of somatic and psychological
relaxation obtained after a rest of several moments), or
both, is one which an examination of the literature does
rot enable one to answer with any degree of definiteness.

The Recommendations do not furnish any clues to the
desirability of casual or basal blood pressure measure
ments. They do suggest that basal conditions should ol
tain when “special studies of blood pressure are required,”
and that these basal conditions be similar to those used in
netabolic studies. It is recommended that the patient’s

blood pressure be taken before breakfast and before arising
inch alternately, that it may be made inm the n

the office 10-12 hours after a meal and after the patient ha
reclined for at least 30 minutes in a comfortably warm room.
The usual procedure for reaching basal level comprises rest
n a comfortable position in a quiet room for at least 20 to

30 minutes. Alan and Smirk2 used a procedure termed
“emotional desensitization” to the presence of the observer
and to the process of sphygmomanometry, with special
attention to rest in a warm quiet room. No special pre-
cautions were taken as to time of day after the last meal.
Page and Corcoran 3 recommend that the term “basal”
blood pressure should be restricted to measurements in which
the observer has definite proof of the maintenance of a

1 The term “basal blood pressure” was originated by A < is (Arch. Int. Medicine) to de
;ribe the level herecorded in patients before they rose from bed in the morning, and contrasted

ded later in the daythese readings with th

Alan and Smirk (Alan, G. M., and Smirk, F. H., Cline. Sci. 3, 259, 1938) suggested tha1938) suggested that
be called “casual blood pressurreadings obtained under ordinary clinical conditioi

Page, I. H., and Corcoran, A. C., Arterial Hypertension: Its Diagnosis and Treatment
Chicago, The Year Book Publishers, Inc., 1949.
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basal somatic and psychic state, and therefore should not
be used lightly.

It is argued by some that the casual blood pressure reflects
and represents more adequately than the basal blood pres-
sure, not only the “usual” or “more common” blood pres-
sure of the individual, but that it also reflects his reactions
to stimuli of stress, etc., ordinarily exerted upon him. In
special instances the attainment of what may be called an
arbitrary basal blood pressure (the duration of time allowed
varying) is indicated, e.g., before the administration of such
tests as the Hines cold-pressor test and the Ayman-Goldshine
breath-holding test where a stimulus is exerted and the rise
in blood pressure is compared against the base line basal
pressure. Drugs have frequently been used to reach basal
levels, a rapidly acting barbiturate, e.g., sodium pentobarbi-
tal, which enables the attainment of the basal state in a
very short time. It may be that in order to be sure that a
basal state has been reached, a lengthy time period should
elapse; in some cases low levels can be obtained only in
this way.

Accuracy of Reading.

One of the factors contributing to accuracy of sphygmo-
manometric readings is the auditory or visual acuity of the
observer. The Recommendations note that a physician
aware of defective hearing should use an amplifying stetho-
scope. The need for auditory acuity is also noted train-
ing and experience improve acuity.

An examination of the literature reveals few studies re-
porting on accuracy of readings themselves. It is sometimes
mentioned that there is a tendency to end readings with
certain figures, e.g., 0, more frequently than with others.
Physicians tend to round out the blood pressure readings
they obtain to the nearest even digit most frequently to
zero and eight. One of the reasons for this phenomenon
has been attributed by some observers to the fact that the
individual taking the blood pressure may have before him
previous readings of the blood pressure and is therefore
influenced in his recordings. One technique proposed to
obviate the influence of previous readings and records is to
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keep the observer ignorant of the previous readings until
he has conducted his own observations. This procedure has
further possibilities and advantages which might well be
considered.

In a recent study, Roberts and associates 1 analyzed
end digits in a series of blood pressure readings taken by
three physicians. It was found that the number of readings
ending in 0 or 5 far exceeded the number that could be
expected by chance, despite the fact that “unusual” care
was used in the determination. They observe that blood
pressure readings, even under the best conditions, can be
read only to the nearest 5 mm. Hg. by an experienced
individual.

Wiggers 2 suggests that systolic pressure readings can-
not be recorded more accurately than within ± 10 mm.
of the actual pressures obtaining. He attributes this to the
limitations of the senses and the lack of certainty which
exists in regard to criteria.

Temporal Consideratio
One of the aspects of blood pressure measurement which

is of relevance in a discussion of blood pressure measurement
concerns how frequently and periodically observations should
be made over given periods of time.

It is generally assumed, at least on the basis of the litera-
ture which we have examined, that ordinarily the blood
pressure manifests a certain pattern within a twenty-four
hour period. Lowest readings are supposed to obtain in
the deepest sleep and rise during the day until early evening
when the highest readings are present. Few satisfactory
studies of this subject are available; those seen are in-
adequate from a number of viewpoints.

It seems important to make blood pressure observations
which will give us a picture of an individual’s blood pressure
range and variation. This may be done in an examination
which can be done within one day —■ various pressor stimuli

Roberts, L. N,, J. R. and G. W. Manning, Circulation, Aug. 1953, Vol. 8, N->. 2, pp. 232-24:

Wiggers, C. J., Physiology in Health and Disease. Philadelphia, Lea & Febiger, 1949, p. G9
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could perhaps be used to obtain range. Variability needs to
be studied over a longer period of time the problem here
may be stated thus: how can we determine how frequently
observations need to be made in order to have readings
which can be considered “representative”? Could it be
that certain kinds of observations made on one day of the
month will enable us to find as much variation as there exists
over a certain time period, e.g., one month. This, then,
raises the problem of what criteria will be used to compare
different blood pressures.

The question of how frequently blood pressure observa-
tions should be made is an important one in designing a
study of blood pressure. In most series of blood pressure
measurements reported in the literature readings have been
taken at yearly intervals. In a study such as is being enter-
tained here it may not be possible to make observations more
frequently than once per year; however, we should make
some effort to point out what an optimum number of ob-
servations would be.

A search of the literature has produced only a few studies
of blood pressure behavior on unselected subjects taken at
regular intervals over a short or an extended period of time.
Our experience parallels that of Robinson and Brucer 1

who have written “ever since blood pressure became im-
portant as a diagnostic aid, workers in the field have be-
moaned the fact that their material did not include studies
of continuous blood pressure records over long periods.
In a rather extensive review of the literature we have found
only one or two studies that approach the problem from the
standpoint of yearly blood pressure levels for presumably
normal persons over a period of years.”

Series of blood pressure observations made with some
degree of regularity have been conducted on hypertensive
patients, and are reported in the literature. Studies of
children’s blood pressures over a number of years have
been carried out by several investigators. Graham and
associates 2 made blood pressure determinations on ap-

Robinson, S. C., and Brucer, M., Arch. Int. Med. Vol. 64, Sept. 191
Graham, et hI. Am. J. Dis. of Childhood, 69, 203. 1945.
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proximately 3,000 children aged 5-16, over a period of
fifteen years. Most of these studies have measured the
blood pressures of children at different age levels a pro-
cedure which has been most widely used in those studies
purporting to show the increase of the blood pressure with
advancing age. A more accurate and reliable technique
would be to follow a specific group over time with periodic
examination.

The two kinds of reports which are considered in this
section may be divided as follows: (a) those which embrace
measurements of blood pressure taken at periodic intervals
over short periods of time, e.g., every five or ten minutes,
for one to twenty-four hours, and (6) those involving
measurements over a period of several days, months or
years.

The following studies are of the short-term type noted
above. They are based on observations made at frequent
regular intervals within a fairly short time period.

One of the factors involved in the question of the repre-
sentativeness of blood pressure measurements deals with
the diurnal variation in blood pressure and how best to find
out the degree of variation occurring ordinarily within the
day. Not only are we concerned with the variation within
a single day, but in the variation occurring on successive
days at comparable times and under comparable conditions.

Diehl 1 studied a group of 100 male students at the Uni-
versity of Minnesota, taking readings on the morning and
evening of each day for six consecutive days. Readings
were made with the subject sitting, the same technic was
used by all observers, and mercury manometers and the
auscultatory method were used throughout.

He found, taking as the pressure for each student tire
average of all the readings taken on him, the mean pressure
for the group was 119.15 ± 0.167 mm. The lowest morning
range over the six day period was 1 mm., the highest, 39
mm. The mean, mode and median were nearly identical
for range and standard deviation. The evening pressures

1 Diehl, H. S., The Variability of Blood Pressure —Morning and Evening Studies. Arch
Int. Mod. 43:836, June, 1929.



HOUSE No. 3050. [May142

showed a mean of 124.37 ± 0.29 mm. The mean of all the
individual evening standard deviations was 5.86 ± 0.21 mm.
The minimum evening range in any subject was 2 mm., the
maximum was 38 mm. No positive correlation between the
height of the blood pressure and its variability was found.

A study undertaken to observe the variability of blood
pressure with the factors of physical activity and long inter-
vals of time kept constant, by five-minute interval readings
over an hour period, with the subject inactive throughout,
was made by Diehl and Lees. 1 The group comprised 100
unselected freshmen at the University of Minnesota. The
same technic of measurement was used throughout, the
patient in a sitting position, mercurial sphygmomanometers
and the auscultatory method were used.

The investigators found that the lowest mean pressure in
the series was found in the eighth reading, no significant
difference after the third reading was noted; 84 per cent of
the cases showed the highest pressure on the first, second or
third readings. They conclude therefrom that if one takes
four blood pressure readings at five minute intervals, there
is little probability of obtaining any lower pressure or any
less variability, even though a considerably greater number
of readings is taken.

Mueller and Brown 2 investigated the presence or absence
of systolic and diastolic pressures over a 24-hour period.
Blood pressures were taken hourly for twenty-four hours
under fairly uniform hospitalization conditions. Subjects
included those with normal, subnormal and high blood
pressures measured from hour to hour; the investigators
attempted to show the relationship between the mean
systolic blood pressure and the degree of this variability.
Readings were made by student nurses using mercury
sphygmomanometers and the auscultatory method. Their
observations confirm such preceding work and demonstrate
a rise and fall of blood pressure during the active period

1 Diehl, H. S., and Lees, H. D., The Variability of Blood Pressure A Study of Systolii
Pressures at 6-minute Intervals. Arch. Int. Med. 44, 229, 1920.

2 Mueller, S., and Brown, G. E., Hourly Rhythms in Blood Pressure in Persons with Normal
and Elevate I Pressures. Am. Int. Med., 3, 1929-1930, pp. 1190-1200.
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of the day and during the resting period at night. The
maximal rise is expressed in the median at six or seven per,
and the minimal drop is obtained at three to four minutes.
From then on there is a gradual rise to the morning level.
They also noted the relationship between the height of the
mean systolic pressure and the amount of variability of
the hourly blood pressure.

Weysse and Lutz 1 studied the normal diurnal variations
of blood pressure of ten male students aged 19-25, using
aneroid sphygmomanometers with the patient seated. They
reported marked diurnal variations and suggest that the
ingestion and digestion of meals are the most important
factors causing these variations. A rise of maximum pres-
sure averaging 8 mm. of Hg. occurs immediately on the
ingestion of food, and a gradual fall takes place until the
beginning of the next meal. They also note a slight general
increase of the maximum pressure during the day.

The frequency with which reports of diurnal measure-
ments of blood pressure are reported in the literature is
much greater than is the case for reports based on extended
observations of the blood pressure. Some of the reasons
why this is so seem fairly obvious, i.e., the availability of
subjects for experimentation, the comparative ease with
which the former kind of study can be taken, etc.

Next, we deal with the type of study where observations
have been repeated on the same subjects periodically over
longer time periods, e.g., years or months.

Brown 2 trained a patient to take three readings of blood
pressure per day (including Sunday) over a three-year
period. Although the findings can be considered no more
than suggestive, some of them are noted. Brown observed
a seasonal lowering during summer months of each year.
There was a variation in the difference between the morn-
ing and evening pressures in different months of the year.
This method has a limited application and may not be

■iatioas on Arterial Blood Pressure. American1 Weysse, A. W., and Lutz, B. R., Diurnal \

Journal of Physiology, 87, 1915, pp. 330-347.
2 Brown, G. E., Daily and Monthly Rhyth.

tension. Am, Int. Med. 3, 1177, 1930.
the Blood Pressure of a Man with Hyper
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applicable to many types of patients. The most signifi-
cant finding according to Brown was the seasonal lowering
of the systolic blood pressure. It seems that studies of this
kind need to be conducted on unselected population in order
to find out considerably more than is presently known about
blood pressures variations.

Another kind of study is that in which observations are
made once then are repeated after a number of years have
elapsed. These follow-up studies are retrospective they
differ, thus, from the type of study discussed below in which
a given group is followed from the time of its initial exami-
nation through an extended period of time.

Diehl and Hesdorffer, M. B. 1
, report on follow-up studies

of blood pressure in college students. Blood pressure de-
terminations were made on 155 young men who had been
students at the University of Minnesota from 5-10 years
previously. The investigators noted that young men who
showed persistent elevations of blood pressure at initial
examination were much more likely to have elevated
pressures after a period of from five to ten years than those
in whom the blood pressure was consistently normal while
they were in college. They reported that although the
mean pressures of the group had decreased, the average
pressure showed no increase over the period.

A different approach is that in which a given group of
subjects is followed over a number of years with periodic
blood pressure examination.

Robinson and Brucer 2 conducted a study of the con-
tinuous blood pressure of 500 apparently well men who were
given an annual physical examination over a period of ten
years. They observed that the average range of differ-
ences between the highest and lowest readings over a ten-
year span varies proportionately with the systolic blood
pressure level. It was also observed that blood pressures
which were consistently low did not vary as much from year
to year as those which were consistently high. Their observa-

Diehl, H. S., and Hesdorffer, M. 8., Changes in Blood Pressure of Young Men Over a Seve
Year Period. Arch. Int. Med. 52, 1933, pp. 948-

Robinson, S. C., and Brucer, M., Range ofNormal Blood Pressure. Arch. Int. Med., Vol. 04,
>ept. 1939, No. 3, pp. 409-444.
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lions show that as pressure;
wider variation.

increase they tend to show

Blood Pressure Readings
One aspect of the field of blood pressure measurement

which has received considerable attention is the meaning of
observed levels and ranges of blood pressure in specific in-
dividuals, in terms of diagnosis and prognosis. Numerous
reports of blood pressure measurements are available, but
a variety of results have been reported. Usually, average
blood pressures are reported, rarely ranges. Obviously, one
of the most accurate ways to remedy this is to take periodic
measurements over a long period of time on the same in-
vividuals. We have already referred to the importance
attached to diastolic levels in the diagnosis of essential
hypertension.

Levels of blood pressure for males and females of differer
ages have been established on the basis of records of lift
insurance companies, military personnel examinations
college student records, public health surveys, etc. Life
insurance studies have been the most important source for
the determination of standard limits for particular age-sex
groups. An extended critical report of the deficiencies
underlying the use of this kind of material is provided by
Master el old As a result of their examination of the
levels of blood pressure commonly accepted as normal,
Master and colleagues undertook a study of blood pressures
in several thousand subjects in individual plants and civilian
personnel working in army air fields, which led them to con-
clude that the present commonly accepted limits should be
liberalized. They therefore recommend that the limits be
revised upwards, from 140-150 mm. Hg. systolic and
9.95 mm. Hg. diastolic for each age group and both sexes. 2

It is obvious from reviewing the literature that a precise,
accurate definition of what properly constitute truly normal
levels is still lacking.

One of the major obstacles to setting up statistical de-
Master, A. M., Garfield, Chas. 1., and Walters, Max. B

jhroeder has pointed out some fallacies in th fiimptic

Schroeder, H. A., Hypertensive Diseases. Philadelphia. Lee & Febiger, 1953,
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terminations of normal blood pressure range is due to the
fact that there is no satisfactory definition of what is physi-
ologically to be considered normal.

In his paper dealing with the extent of the problem of
hypertension, Morsell 1 suggests that it would be a useful
refinement to classify readings in the form of a normal range,
although he notes that the limits of range are arbitrary as
the single dividing line are.

Implicit in any discussion of blood pressure levels and
ranges is the problem of the definition of essential hyper-
tension. One of the basic tasks in the current research into
the natural history of hypertension is to set up criteria of
blood pressure for given age and sex classes which may be
used to diagnose essential hypertension. Single blood
pressure readings do not seem to be adequate we must
observe the range of pressure in a given subject as well as
the variability of the blood pressure. In this regard the
reader is referred to appropriate sections of the Vought-
Koller paper on the phenomenon of hyper-reactivity.

The Observer.

Frequent mention is made in much of the literature on
blood pressure measurement of the fact that the observer
(the one taking the blood pressure) exerts an influence on
the patient which affects his response in one way or another.
This is one of many variables involved in the measurement
of blood pressure which is believed likely to make a person
“nervous” and thereby cause his blood pressure to rise.
For example, the suggestion is often made that the doctor
(M.D.) will obtain higher readings than a nurse or technician.
It is almost universally found that the first of several read-
ings will be the highest the mechanism whereby this
operates is akin to the so-called pressor stimuli of a standard-
ized type. Whether this higher reading is due to the fact that
a particular kind of observer, e.g., M.D. or orderly, etc.,
causes the subject to react this way, or whether one should
expect the subject to react in this way regardless of the

i Morsell, J. A., Symposium, The Problem ofHypertension: a Critical Review of the Literature
Dealing with Its Extent, pp. 26-49.
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nature of the personnel conducting the observations, is
something about which very little experimental data are
available. The recognition of the fact that a pressor stimulus
is operating in the measurement of blood pressure is attested
by the procedure which is usually recommended by practi-
tioners, e.g., the repetition of the reading after a few
moments of rest and relaxation, though not to the extent
recommended to attain a basal blood pressure level. In a
study done several years ago, Levy, Stroud, White, etc. 1

,

used the first readings obtained from a large group of U. S.
Army officers to show the pressor nature of this phenome-
non, and suggested that this reading might be used as an
index for the measurement of hyper-reactivity, e.g., that
there might be a high correlation between results obtained
by cold-stimulus and the first or initial readings of blood
pressure.

We have not been able to find any experimental data
which report differences in results obtained by doctors,
nurses, orderlies, technicians,
blood pressure. Despite this
that who takes the blood pres
often in the literature. Some
have non-M.D.’s measure the
the psychic stimuli is not so
the measurements.

etc., in the measurement of
i absence of data, the belief
sure is important, is reflected
observers make it routine to

blood pressure, believing that
great as when doctors make

It is noted that training in the measurement of the blood
pressure will lead to greater auditory and visual acuity. It
is assumed that the non-M.D. personnel who make observa-
tions are well grounded in the technique and method of
auscultatory blood pressure determination. Some observers
have reported that patients have been taught to take their
own blood pressure readings with “good” results; others
have taught members of the patient’s family how to measure
the blood pressure, and note that results are satisfactory.

Closely related to the subject of who should make blood
pressure measurements is the place or locus of the blood
pressure examination, e.g., clinic, home, business office, etc.
The same stimuli assumed by many to be operating when

Levy, Stroud, Whii
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different types of personnel take the blood pressure are also
assumed to be operative in respect to the setting in which
the examination is being conducted. Reports found in the
literature convey the impression held by many that de-
terminations made under hospital conditions, or in the
doctor’s office, are higher than those taken in the subject’s
home. Here, again, the search for experimental or clinical
material to furnish quantitative evidence of differential
blood pressures under various conditions is not to be found.
One exception is a study conducted by Ayman and Gold-
shine 1

, in which their subjects were essential hypertensives.
Their blood pressures were studied over a considerable period
of time in the clinic and at home. The home readings were
taken by the patient or a member of the household twice
dailv for several weeks or months.

It was found that home systolic and diastolic blood
pressure readings were lower than the clinic readings in all
cases of essential hypertension. The investigators note
that those patients with only slight differences between
home and clinic readings had, in general, comparatively
little fluctuation of blood pressure from day to day.

It is obvious that much more work needs to be done
before it can be decided that the differences in blood pres-
sure obtained in various settings are significant, and if so,
how this will influence the decision as to which of these
settings may best be utilized for the purposes at hand.
Here, as in other phases of the problem of measurement, on
the basis of available knowledge, it seems advisable to
maintain a degree of uniformity and consistency so that
comparison may more reliably be made.

The question discussed in this section is further dealt
with in the section on the blood pressure measurement
questionnaire.

Weather.

Some observers have recommended that blood pressure
determinations should include information pertinent to the
weather conditions at time of observation. Alvarez and

Determinations by Patients with Essential HypeiAyman, D., and Qoldshine, A. D., Pt\
te.
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Stanley 1 suggest that if blood pressure readings are to be
comparable they should always be accompanied by a record
of the temperature at the time. They cite Oliver2 to sup-
port their position in noting that differences in temperature
majr accouut for the marked differences in mean pressure
observed from year to year in the same place.

The notes on the following pages are based on the ex-
amination of several sources. Candor compels the admission
that the intricacy and complexity of the material have re-
stricted considerably the ability of the writer to prepare
more than a digest or summation. A critical analysis and
subsequent research proposals in the province need the
services not of “a genius in circulatory dynamics” as
Wiggers has suggested, but, indeed, of a specialist in cardi-
ovascular studies.

It is almost unanimously agreed that the fundamental
change in the cardiovascular system involved in essential
hypertension is an increase in peripheral resistance or
arteriolar constriction.

From this stem a number of problems which an examina-
tion of the literature reveals are yet unanswered. None-
theless, an attempt to try to set down these problems and
efforts to solve them should be made.

It is noted that previous attempts to delineate more pre-
cisely the physiology of peripheral resistance have had to
rely primarily on indirect methods and approaches. Theories
have been set forth in great number, but empirical confirma-
tion is absent in most cases, and experimentation limited to
the laboratory animal. The basic need for continued at-
tempts to confirm or refute presently held theoretical as-
sumptions is apparent. Much of the work which has been
done in physiology needs clinical confirmation.

The possible variables connected with any given hemo-
dynamic observation are numerous as well as complex.

Peripheral Resistance

i Alvarez, W. C., and Stanley, Blood P
Arch. Int. Med. 46, 17, 1930.

ture in 6,000 Prisoners and JfiO Prison Guards

ologicnl and Clinical. Ed. 3, London. H. K. Lev2 Oliver, G., Studies in Blood Pressure, Phy.
Co., 1916, p. 240.
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Some of them have been subjected to exhaustive laboratory
and experimental study, and instruments and techniques
have been worked out for their measurement. Others re-
main yet to be subjected to experimental investigation. One
of the basic general problems besetting the study of hemo-
dynamic variations in hypertension is presented in attempt-
ing to establish the nexi between the hemodynamic variables
involved.

In a paper written approximately ten years ago, Wiggers 1

suggested the need for some genius in circulatory dynamics
to find a way of existing impasses in the field of the hemo-
dynamics implicated in disorders of the cardiovascular sys-
tem. Nowhere can this be better seen than in a considera
tion of the basic physiological alterations involved in essen
tial hypertension

Although there seems to be widespread acceptance of the
fact that the immediate physiological predecessor of the
condition known as essential hypertension is an increase in
peripheral resistance 2

,

3 the relationship between other
hemodynamic variables and peripheral resistance is not
clearly understood.

What do we mean when we talk about hemodynamic or
cardiovascular variables? Wolf 4 talks about the following

measurable variables as indie
(1) mechanical design of
volume, (4) extent of perip
bility of peripheral vascular
vascular bed, (7) blood vii
heart rate, (10) blood pres

dors of cardiovascular function
heart pump valves, (3) blood
reral vascular bed, (5) distensi-
bed, (6) resistance of peripheral
;cosity, (8) stroke volume, (9)
sure. Weiss and Ellis3 discuss

the following factors necessary to evaluate the state of the
peripheral circulation: (1) the pressure gradients in the
vascular circuit, (2) the cardiac output per unit of time and
per beat, (3) the circulating blood volume, (4) the velocity
of blood flow, (5) the viscosity of the blood, (6) the hemo-

1 Wiggers, Basic Hemodynamic Principles Essential to Interpretation of Cardiovascular Dis
orders.

2 Evelyn, in Symposium.
3 Corcoran and Page in Arterial Hypertension.
4 Wolfe, S., Circulatory Responses to Life Situations, Disorders of the Circulatory System. Sow

fork, 1952, MacMillan Co.Y

L. B. Ellis, Quantitative Aspects and Dynamics of the Circulatory MeekWe
Arterial Hyperte
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globin content of the blood, (7) the peripheral resistance of
the vascular bed, (8) the relative distribution of blood
between the lesser and greater circulation.

eiss and Ellis 1 have presented some of the measure-
ment problems inherent in a consideration of the cardio-
vascular variable implicated in hypertension:

If the cardiovascular system is considered as a simple hydraulic system,
then an abnormal increase in the circulating blood volume, in the cardiac
output, in the peripheral resistance, or in the viscosity of blood would
produce hypertension. In reality, however, a number of regulatory
mechanisms are active in the body which prevent the development of
hypertension under certain conditions. These regulatory functions may
influence the circulation independently or in combination with each
other. Because of the presence of these regulatory mechanisms, one
cannot foretell, on the basis of theoretical consideration, the state of the
circulation in man. Similarly, the effect of one or two measured aspects
of the circulation on a third undetermined factor cannot always be pre-
dicted. Thus, normal and pathological conditions of the cardiovascular
system may exist with normal blood pressure, although the blood volume
is increased, as occurs following increased fluid intake, in certain types of
circulatory failure and in diabetes insipidus. In like manner, the cardiac
output and the velocity of blood flow may increase considerably without
elevation in the arterial pressure as, for example, takes place with muscular
work, in the presence of anemia, and in hyperthyrodism. An increase in
the peripheral resistance does not always predicate high blood pressure.
This state of affairs may be observed in heart failure and in the presence
of vascular spasm. Increased viscosity of the blood is often present with
normal blood pressure as occurs in diabetes mellitus, shock and poly-
cythemia. In these conditions compensator changes of regulatory func-
tions of the body prevent an increase in blood pressure. The above men-
tioned examples clearly indicate that in order to obtain a knowledge of
the dynamics of the circulation in hypertension it is essential that several
of the circulatory functions should be measured simultaneously.

Prinzmetal and Wilson 2 have noted that from the
physiological point of view, elevated blood pressure may be
assumed to be the resultant of increased cardiac output,
blood volume or viscosity, or peripheral resistance. (For
a schematic representation of the relationship between
peripheral resistance and blood pressure, see Reference A.)

1 Weiss, S., and Ellis, F. 8., The Quantitative Aspects and Dynamics of the Circulatory Mech-
anism in Arterial Hypertension. Am. Heart J.. Vol. 5, No. 4 (1930). pp. 44!

Prinzmetal, M., and Wilson, C., The Nature of the Peripheral Resistance in Arterial Hyper
tension with Special Reference to the Vasomotor System. J. Clin. I
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Most observers have reported that cardiac output is not in
creased in hypertension, and that the viscosity and volume
of blood are within normal limits Wilkins. 1 This leave;
increased peripheral resistance as causing the elevated blood
pressure. Evelyn 2 notes that there is general agreement
that there is no increase in stroke volume, heart rate, blood
volume, blood viscosity, or peripheral blood flow in essential
hypertension.

The number of available investigations on the exact nature
of the increase in peripheral resistance are relatively few in
number and seem to have led to different results.

What is meant by the expression “peripheral resistance”?
In the circulation, the greatest difference in pressure is found
to exist between the arteries and small veins, a great fall
occurring between the small arteries and the capillarie
themselves. Peripheral resistance resides in the arterial
system —to a lesser degree in the capillary system. The
distribution of pressure suggests that the major gradient in
the vascular system is situated in the arterioles. The re-
sistance of the arterioles is due primarily to their small
calibre, which is the result of tonic contraction. The total
bed of the stream in the arteriolar region while greater than
in the arteries, is considerably less than it is in the capillary
network; the differences between the diameters of arterioles
and dilated capillaries is not very great.

Therefore, blood velocity in the arterioles is considerably
greater than in the capillaries. Since friction, and therefore
the resistance, is believed to vary as the square of the
velocity, the resistance to blood flow through the arterioles
must be greater than in the capillaries. When the capillaries
constrict they contribute to the peripheral resistance. The
large part taken by the arterioles in determining the dif-
ference of pressure between the arteries and veins is shown
by the fact that this difference can be diminished to one half
by any means which cause a dilatation of the arterioles
e.g., destruction of the vasomotor center.

Wilkins, R. W., Physiological Investigations ofEssential Hypertension in Man. In Sympoi

Evelyn, K. A.. The Natural Course of Essential Hypertension in Man. In Symposium ,



1956. HOUSE — No. 3050. 153

The arterioles of the abdominal viscera, the so-called
splanchnic area, constitutes the greater part of the peri-
pheral resistance of the circulatory system. Stimulation of
the great splanchnic nerve which innervates the rings of
muscle fibers in the walls of these vessels causes their con-
striction, and consequently a reduction in the outflow from
the arterial system. The pressure continues to rise until
inflow and outflow are balanced. If there are no compensa-
tory changes in the other factors concerned in the main-
tenance of the pressure, it will remain at a higher level so
long as constriction persists. Dilatation of the vessels, that
is, reduction in the peripheral resistance will be followed by
the opposite effect. When the vessels of the splanchnic area
are fully dilated, they can accommodate almost all the
blood in the body. In this case, blood pressure would fall to
zero.

(Comparing peripheral resistance to a dam in a river:
if the dam is raised or lowered the water continues to rise or
fall respectively (its pressure consequently increases or
diminishes) until it reaches the new level. From then on
the quantity of water which overflows in a given time is the

me as it was at the original level.)
be peripheral resistanPage and Corcoran 1 desc

follows

Constriction and relaxation of the muscular walls of the arterioles ir
nse to nervous and humoral stimuli cause them to act as the stoj

locks which control the run-off of arterial blood into the capi
meant when we speak of peripheralif whatThus thev constitute

re

ased peripheral resistance witlRuskin describes the incre
which essential hypertension is associated.

teriolar sclerosis, decrease theA.t first, arteriolar spasm, then lat
the intraluminal pressure. Thecapacity of the arterial tree and in

the fourth power according telatter varies as the vessel radiu; to
,ted that a 10 per cent decrease iiPoiseuille’s Law. It has been calcul

ar resistance at least 35 per centthe arteriolar lumen raises the arteric

R. C., Arterial HiH., and
1949, p. 1C
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halving the diameter reduces the blood flow 16 times. Diastolic arterial
pressure is therefore raised more than the systolic. There may or may
not be increased distensibility, with accelerated pulse wave velocity, of
the large arteries.

Wiggers 1 says that peripheral resistance is the resultant
of the following;

(1) active changes in the caliber of minute vessels through vasomotion
induced by reflex or humoral agents; (2) passive alterations in size due
to internal or external variations in pressure; (3) modification of the
viscosity of the blood.

The major factor, then, in the maintenance of peripheral
resistance is constriction of the vascular bed, the resistance
of the arterial walls to stretching and relaxation.

In a discussion of peripheral resistance, AViggers 1 de-
scribes a method of estimating the total peripheral resist-
ance in which the mean pressure is divided by the cardiac
output. He notes that similar calculations have been made
within recent years both in clinical and experimental work
to differentiate between blood pressure changes due to
cardiac and those due to peripheral factors.

One of the questions which has received considerable at-
tention is whether peripheral resistance is concentrated in a
special area of the body (especially the splanchnic region)
or is generalized throughout the body.

It has been said that the nature of the arteriolar resistance
and its distribution in the body remain the fundamental
problem in the study of arterial hypertension in man. At
present there is still insufficient evidence to clearly indicate
the extent of vasoconstriction present in various organs.

Bradley 2 states that in many cases the arterioles of
the kidney and possibly the brain are involved in vaso-
constriction to a greater extent than arterioles elsewhere in
the body. As a result of excessive constriction these organs
suffer pathologic changes equalled or exceeded only by the
heart. The greater part of the peripheral resistance is con-
stituted by the arterioles of the splanchnic region.

Wiggers, C. J. (loc. cit.), p. 591
2 Bradley, S. E., The Physiology of Essential Hypertension. Am. J. Med., Vol. 4, 1948,

pp. 398-415.
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Reporting the results of a critical examination of the
work clone by Longcope and McClintock and Jansen and
colleagues, 1 Prinzmetal and Wilson 2 state that they fail
to find conclusive evidence that vascular resistance is con-
fined to the splanchnic area. They conclude that there
is a generalized increase in peripheral resistance throughout
the systemic circulation in the increased vascular resistance
in hypertension, and note that increased peripheral re-
sistance is due to a generalized vascular tonus rather than to
organic changes in the blood vessels a fact which is sup-
ported by histological evidence.

Tire extent to wT hich peripheral resistance is increased in
various tissues may be determined by comparing the blood
flow in the different tissues in both normal and hypertensive
subjects under identical conditions. If it is assumed, as
most investigators do, that cardiac output is within normal
limits in hypertension, the average tissue blood flow' must
also be normal. Experiments on hypertensive subjects have
confirmed this by finding that blood flow in the hand and
forearm is normal.3

Ruskin 4 has stated that coronary blood is unchanged
in clinical hypertension and that this must be associated
with an increased coronary arterial resistance. Renal blood
flow may be decreased, so that the fraction of the cardiac
output received by the kidney is smaller. The resting
fore-arm (muscular) blood flow has been found increased
in cases of essential hypertension. He suggests that if the
regional blood flows and arteriolar resistances were thus
unequal, the neurogenic hypothesis of the pathogenesis of
essential hypertension would rest on firmer foundations

Stead and Kunkel 5 note that peripheral resistance is in-
creased in the skin, muscle, brain and kidneys, in essential

'heThe H
Hypertrophy with

M
W

1Re,
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hypertension, and since cardiac output is normal, assume
that blood flow in the splanchnic area is the same as in
normal subjects. Peripheral resistance in the splanchnic
area is not raised to a greater degree than in the other

tissues
Pickering’s 1 observations on the rate of blood flow

through the forearm also confirms the impression that
hypertension results from a generalized peripheral increase

In a review by Montgomery, et al .

2 the diagnostic im
portance of the numerous tests to determine the efficiency
of the peripheral circulation have been summarized. The
tests were divided into four group;

\. Those which are a part of the physical examination
and include observation of local tissue nutrition, color and
temperature of skin, palpation of pulse and estimation of
blood pressure in different limbs at various levels, rate of
blanching on elevation and of flushing and filling of veins
on dependency, and the reproduction of spasm by immer-
sion of the extremity in cold water.

B. Tests of capacity of blood flow (vascular function
tests) in skin as shown by vasodilatation, by reflex heat
artificial fever, anesthesia (local, general, spinal, paraver
tebral), intradermal histamine and saline injections and
reactive hyperemia.

C. Tests of capacity for blood flow (vascular function
tests) in muscle, by walking certain distances and by
ergographic measurements of muscle fatigue.

D. Test of past damage to arteries, by oscillometry’ and
Roentgen ray studies, especially by Diodrast injection of
arteries or veins.

An additional method of study has recently been intro-
duced consisting of the injection of radioactive isotopes,
especially’ sodium, and following its course through anyr local
circulatory area by Geiger counter

W., The Peripheral Resistance in Persistent Arterial Hyp

Montgomery, H. M., Naide, M., and Freeman, N. E., The Significance of Diagnostic Tests
Peripheral Vascular Disease. Am. Heart J., 1941, XXI,n the
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Cardiac Output and Blood Pressure.
Blood pressure may be said to be the resultant of two

effects: (a) the rate at which blood enters the arterial sys-
tem from the heart and ( b) the rate at which blood leaves
the arterial system through the peripheral resistance 1

.

Blood pressure will be altered by varying either the
cardiac output or peripheral resistance. Cardiac output
depends on the stroke volume of the heart and on the pulse
rate.

Starling2 explains this process as follows
The filling of the heart at the beginning of each beat is in its turn de-

pendent on the pressure in the great veins. If the heart is beating with
optimum rate and force, it will reduce the distention of the veins nearest
the heart, and it is not possible for it to obtain more blood to put into
the arterial side, however frequently it may beat. Increased frequency
of heart beat would not, therefore, necessarily increase the total output
of the heart. There will be an optimum frequency of the heart beat
which will depend on the state of filling of the great veins. The fuller
these are, the more the total output can be augmented by an increase
of the heart rate. On the other hand, slowing the heart from its optimum
rate will increase its stroke output but diminish the minute output.

The most usual reason for increased cardiac output is
exercise. It is believed that the ingestion of food may in-
crease cardiac output and that this increase may persist for
several hours. Excitement, also, may cause an increased
cardiac output. It is generally assumed that there is no
significant change in cardiac output in essential hypertension
—it is within normal limits. Compensatory cardiac dilata-
tion and hypertrophy enable the heart to maintain normal
output despite increased resistance to outflow in essential
hypertension.

Arteriolar vasoconstriction occurs when there is a reduc-
tion in cardiac output. Its compensatory effect is not to
restore cardiac output to normal, but to redistribute the
diminished output so as to maintain an adequate blood
flow to vital areas. Arteriolar vasoconstriction may not
only serve to redistribute better the diminished cardiac

1 Broemser and Ranke. Zeitsch. f. Biol., 1930, 90, 467
2 Starling, Human Physiology, p. 568.
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output, but also to initiate slower mechanisms which tend
to restore an adequate output.

Cardiac output may be defined as “The effective volume
of blood expelled by either ventricle of the heart in a unit
of time.” 1 It is expressed in cubic centimeters or liters per
minute.

Starling2 divides the experimental measurement of car-
diac output into two classes: (a) here, the stroke volume,
i.e., the volume changes in the ventricles at each beat, is
determined; stroke volume is the amount of blood leaving
ventricle per minute over the number of heart beats per
minute; ( b ) the determination of the total volume of blood
which leaves the left or right ventricle in the course of a
given time the minute volume.

Direct and indirect procedures are used to determine
cardiac output. Within the past decade more and more
experimental procedures have been adapted to clinical
procedure.

In 1870, Fick developed a formula to calculate the amount
of blood pumped out by either ventricle in the course of a
minute, thus the minute volume of blood flow could be
readily determined. The formula is based on the amount
of oxygen taken up by the lungs in a minute’s time and the
amount utilized by the tissues. The formula is:

100 x cc. Oxygen consumed in lungs per
minuteMinute volume of blood flow

Difference in volumes per cent between
oxygen content of arterial blood and

in cul

that at venous blood

The oxygen absorption in cc. per minute is determined
with the aid of a basal metabolism machine (such as a
Benedict Roth apparatus).

The oxygen content of arterial blood is determined by
direct puncture of an artery conveniently accessible, e.g.,
brachial, radial, femoral. Intracardiac catheterization
yields blood samples which will give the oxygen content of

Friedberg, C.K., Heart Dist

Inman Ph
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mixed venous blood. The cardiac output is then determined
by substituting the values obtained in the Fick formula.

0,
Cardiac Output =

A-V oxygen difference

It would seem that the technical requirements for this kind
of a determination would render it impracticable for general
clinical usage. A photo-electric colorimeter has recently
been proposed for the direct measurement of the arterio-
venous oxygen difference.

Indirect methods which obviate the need for arterial
puncture and catheterizing of the heart are used. In one of
these, the consumption of oxygen is determined in the same
way as in the direct Fick method. The arterial and venous
oxygen content involves the subject’s breathing under
forced expiration and then rebreathing. The values ob-
tained by this method are then substituted in the Fick
Formula. More detail is furnished by Friedberg. 1

Another indirect method 2 which has been used is de-
pendent on the absorption of certain gases from the lungs,
e.g., nitrous oxide, acetylene and ethyl iodide. Acetylene
has been found to be the most suitable because it does not
combine with lipoids or other constituents of the blood and
is easily analyzed. A measured amount of foreign gas is
inhaled or a dye or other substance is injected intravenously.
The amount of blood flow in unit time required to absorb the
measured uptake of gas or intravenously injected material
represents the cardiac output. Cardiac output has been
determined by rapid intravenous injection of brilliant vital
red followed by immediate withdrawal of repeated samples
of blood from the femoral artery. 3 Colorimetric analysis
for dye is made on the samples. The cardiac output is then
calculated thus:

60 x I
Cardiac output =—

Frie
Issekutz, 8., Jr., Heten
Hamilton, W. F., Moore, J. W., Kinsman, J. M

34,
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centration in one circulation and T is the duration of one
circulation in second

Phe use of the foregoing techniques is considerably limited
because they necessitate some degree of physical discomfort,
pain, even arterial or venous puncture, cardiac catheteriza-
tion or chemical determination, et al. These procedures
have not provided uniformly consistent accurate values of
cardiac output.

The calculations obtained by use of these techniques have,
in general, been standardized by comparison with the direct
Tick procedure.

Physical methods have been used in human subjects.
These include X-ray measurements, pulse pressure and pulse
wave measurements, and ballistocardiograph.

X-ray Measurement. In this procedure, heart volume is
determined roentgenographically in maximum systole and
diastole by use of the electrocardiograph and the roentgen
ray apparatus. The surface area is measured (the normal
value for cardiac output is more constant when expressed
in terms of the surface area) and calculations of the volume
are made therefrom. The kymograph has also been used in
roentgenological determination of the cardiac output.
Friedberg 1 notes that the output obtained by these exami-
nations have been too low, perhaps because the roentgen
ray films do not reveal all the pulsation of the heart re-
sponsible for the ejection of blood.

Pulse Wave Velocity. The velocity of the pulse wave has
en used as a functional test to determine arterial elasticity.

White2 suggests that it is not of much clinical value. Pulse
wave velocity is believed to be increased in hypertension
ind arteriosclerosis.

dependent on the degree of
rapid the transmittal of the
artery be.

The pulse wave velocity is
arterial distention. The more
pulse, the more rigid must the

determined in the followingThe pulse wave velocitv is
fashion. Two arteries at varying distances from the heart

I is the quantity of dye injected, C is the average dye con-

dbere. C. K„ Heart Disease. Saunders, 1932, p. 1
White, P. D., Heart Disease. Macmillan, 1951,
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are selected, e.g., femoral and dorsalis pedis, and the pulse
wave passing by a given point on each artery is recorded on
a rapidly moving photographic surface. The distance be-
tween the two points is measured, and the time lag in the
arrival of the pulse is measured. By obtaining the distance
as accurately as possible, velocity may be computed.

Wiggers 1 has noted the fact that pulse velocity studies
are of questionable validity because of the difficulty in-
volved in measuring the arterial distance traversed by the
pulse wave, and the fact that pulse velocity is affected by
the size of the vessels.

Pulse wave velocity in normal man varies between five and
nine meters per second, and is greater in the peripheral
vessels than in the aorta.

In order to obtain details of form of the pulse wave, varia-
tions in the size of the artery are graphically recorded. The
sphygmograph is used to record movements of the skin due
to pulsations of the artery beneath. Pulsations of the artery
are due to changes in pressure in its lumen but are not
quantitatively proportional to the pressure because at high
pressures the artery is less distensible than at low pressures.
The upper parts of the surface pulse are measured by
manometer; the surface pulse is recorded by sphygmograph.
The modern sphygmograph makes use of optical levers which
enable one to increase the sensitivity of the instrument in-
definitely without increasing the inertia.

The pulse curve gives approximate information about the
condition of the heart and the arterial system. A large pulse
curve is not necessarily indicative of a big output, since
arterial expansion is determined not only by the aorta but
also by the expansibility of the artery and peripheral re-
sistance. This is based on the premise that cardiac output
varies approximately as the product of the pulse pressure,
arterial distensibility and cardiac rate. Arterial distensi-
bility is determined from the pulse wave velocity and the
diameter of the aorta.

White 2 notes that pulse wave velocity varies roughly
1 Wiggers, C. J., Physiology in Health and Disease. Philadelphia, Lea & Febiger, 1949,

p. 682.
White, P. D., Heart Disease. Macmillan Co., 1951, p
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with the speed of blood flow, but has little or no relation to
the volume of blood flow. He further suggests that the
measurement of pulse wave velocity is not of much clinical
value.

Hamilton 1 and his colleagues have shown that the fun-
damental relation of arterial distensibility to pulse veloc-
ity applies only very roughly to the arterial system. This is
attributed to the large size of the pulsations and the thick-
ness of the arterial walls.

In regard to the relationship between pulse wave velocity
and peripheral resistance, it is to be noted that the larger
the area affected by the changes in the peripheral resistance,
the more difficult it is to predict a priori what will be the
result on blood velocity and on circulation as a whole. In
the living body a widespread dilatation of the arterioles in-
creases the total capacity of the system. The arterial relaxa-
tion, therefore, not only gives rise to an easier outflow from
arteries to veins, but may also cause a diminished filling of
the veins, and therefore of the heart during diastole. The
heart output is therefore also lessened, so that a final result
of a dilatation of the arterioles may be a diminished instead
of an increased, velocity throughout the system.

Ballistocardiography. —An important diagnostic aid in
cardiovascular study is the ballistocardiograph. It finds its
most important applications in the diagnosis of coronary
disease. Ballistocardiography may be defined thus: “A
technic which records the movements imparted to the body
by the forces associated with contraction of the heart, and
acceleration and deceleration of blood as it is ejected and
moved in the large vessels.’

The ballistocardiograph ii
termination of rapid changei
Friedberg 3 notes that result.

of particular value in the de-
in output in the same subject,
of ballistocardiographic meas-

urement are not found satisfactory in cases with output
regurgitation, as in aortic insufficiency, in patients with

Hamilton, et al., Am. J. Physiol., 144, 521, 1945.
2 Gubner, R. S., Rodstein, Manuel and Ungerleider, Harry E., Ballistocardiography ~An

Appraisal of Technic, Physiologic Principles and Clinical Value. Giro. Feb. 1953, Vol VII, No. 2,
pp. 268-286, p. 268.

Friedberg, C. K., Heart Disease. Philadelphia, Saunders Co., 1952, p. 131
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arrhythimas or respiratory distress, in subjects who cannot
hold their breaths for a few seconds, and those with pro-
nounced tremor.

It is usually advised that the ballistocardiogram be used
as an adjunct to the electrocardiograph. Although different
functions of the heart are measured by either instrument,
comparisons of results obtained by either for certain con-
ditions, c.g., coronary disease, have been made. Opinion
seems to favor the ballistocardiograph over the electro-
cardiograph for the detection of abnormalities. The prac-
tical value of the ballistocardiogram is reduced by the fact
that it is very sensitive. Wolf 1 notes that while the ballis-
tocardiograph may not be suitable for comparative deter-
minations of cardiac output from individual to individual,
or even from day to day, it can reflect relative differences
in cardiac output in an individual subject when used more
or less continuously in a single experiment.

Criticism of results obtained by ballistocardiography have
been based on the fact that an error is present because of the
underestimation of the true diameter of the aorta due to the
use of tables based on measurements after death. Cournand,
Ranges and Riley 2 found that the ballistocardiograph gave
results which were 18.5 per cent too low. Some recent
investigations, however, have found a fairly high correla-
tion between ballistocardiograph and direct Tick determi-
nations. 3 Schroeder 4 says: “The ballistocardiograph is an
unreliable machine in hypertension, it measures force of
ejection directly but output indirectly, and its pattern is
strongly influenced by the height of the blood pressure and
the velocity of the pulse wave.”

Despite certain shortcomings the ballistocardiograph is
being increasingly applied to clinical research. As previously
suggested it is especially useful for comparative measure-
ments of stroke output in the same individual White5

1 Wolf, Stewart, Disorders oi the Circulatory System. New York, 1952, Macmillan Co., p,
2 Cournand, A., Ranges, IT. A., and Riley, R, L. J. Clin. Invest. 21:287, 1942.

Nickerson, J. L., Warren, J. V., and Brannon, E. S., T. Clin. Inv. 26:1, 194

Schroeder, H. S., Hypertension Diseases. Philadelphia, Lea & Febiger, 1953,
White, P. D., Heart Disease , 4th ed., New York, Macmillan Co., 1952, p. 240.
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suggests that ballistocardiography is best used as a method
of study per second and not to determine the cardiac out-
put. Pie notes that it is still too crude a method, register-
ing too low a figure.

Venous Blood Pressure

Studies of venous blood pressure measurement have been
limited. Burch attributes this to the absence of a simple
method of determination and to general lack of interest in
the venous system among clinicians. With the develop-
ment of sphygmomanometry interest was aroused mainly
in the study of arterial hypertension, and the venous sys-
tem was neglected for many years. White 1 notes that in
general, venous pressure determination is not of great
clinical value, and the inspection of the veins to determine
their degree of engorgement usually suffices for exact
measurements. The literature contains normal values for
venous pressure which have used the median basilic vein for
study; normal values for veins other than the ones in the
antecubital area possess limited value clinically because
of the paucity of studies.

As is the case in the study of arterial blood pressure, de-
termination of venous blood pressure may be made by direct
and indirect methods.

Direct methods of measurement depend on the caunula-
tion of a vein, usually an antecubital vein, and observing the
vertical height to which blood will rise or displace normal
salt solution in a tube connected with the arm vein. Of
indirect methods of measurement, Gaertner’s method is the
simplest. This consists in raising the arm slowly at the side
from the level of the junction of the superior vena cava and
right auricle and noting the height above this point at which
the veins on the dorsum of the hand will collapse. Although
not too reliable, this method is simple and gives an ap-
proximate idea of the venous pressure. More detailed

White, P. D., Heart Disease, New York-, Macmillan Co., 1951, p. 120
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accounts of direct and indirect methods are found in
Stroud. 1

There are three conditions which are associated with
abnormally high venous pressure at rest, congestive heart
failure of considerable or moderate degree, acute or chronic
constrictive pericarditis, and venous obstruction due to
thrombosis or compression.2

In the literature which we have examined the relationship
between venous pressure and arterial pressure is rarely dis-
cussed.

The relationship between venous pressure and cardiac
output is indirect. Increased venous pressure would tend to
elevate cardiac output, but it cannot be assumed that venous
pressure controls cardiac output.3 Some observers are of
the opinion that arterial pressure and venous pressure
levels are independent of each other and of resistance in the
capillary bed. There does not seem to be any significant
relationship between venous pressure level and hyperten-
sion. Rotky and Klein4 in 60 cases of arterial hyper-
tension found the venous pressure above the maximal normal
in over 10 per cent. The remaining cases showed a normal
venous pressure reading. No evidence, subjective or objec-
tive, of heart failure was present. Schleiter6 suggests that
arterial and venous pressure may not be entirely inde-
pendent of each other, particularly in some instances of
arterial hypertension.

The literature supports the contention that in cases of
uncomplicated hypertension, venous pressure remains within
normal limits, c.t. Ruskin. 6

Capillary Blood.
The measurement of capillary blood pressure presents

many problems similar to those encountered in the con-
Stroud, W. D., Diagnosis and Treatment of Cardiovascular Diseases, Venous Blood Pres

A. Davis C
MHeart L

Heart D\
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sideration of venous blood pressure measurement; e.g.,
inaccuracy or difficulty of measurement, difficulty of inter-
preting the results obtained, etc. In addition, capillary
blood pressure is extremely variable, differing even in ad-
jacent vessels. Methods of measurement are direct and
indirect. Microiujection is used for direct determination
a micropipette connected with a manometer is inserted into
the lumen of a capillary of the animal being used dog,
mouse, etc. 1 Since it is difficult to estimate accurately,
it has been used little clinically. Indirect measurement is
made by observing the amount of pressure necessary to
cause the collapse of the capillaries of the skin. White2

notes that this is unsatisfactory because it includes the
pressure in the smaller arterioles and venules as well. A
cover glass of known area is placed on the surface of the skin
and weights are added until the skin begins to blanch, a
small glass roofed chamber connected to a manometer is
placed over an area of skin and the pressure raised until
blanching occurs. Another method is the direct observation
of the blood flow in the capillaries by microscope. Although
these indirect methods are suitable for use in man, the re-
sults are difficult to interpret. It has been suggested that
they measure the pressure in the venous plexi of the skin
rather than capillary pressure. 3

The relationship between arteriolar constriction and
capillary pressure is described in Howells 4 constriction of
the arterioles causes the pressure in the capillaries fed by
them to fall and dilatation of the arterioles causes capillary
pressure to rise. Blood velocity in the arterioles is much
greater than that in the capillaries and resistance to blood
flow through the arterioles must often be greater than that
presented by the capillaries. When there is constriction of
the capillaries they add to the total peripheral resistance.
In regard to the relationship between venous pressure and

idis, E. M., Capillary Pressure and Capillary Permeability. Physiol. Rev. 1934, 11:404-
482.

2 White, P. D., New York, Macmillan Co., 1951, p. 110.
3 Fulton, John F. (ed.), Howell's Textbook of PhysioU

1946, p. 615.
idelphia, W. B. Saunder

Fulton, John F. (Ed,
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capillary pressure, it is noted that an increase in the former
results in increasing capillary pressure.

The capillary blood pressure is not believed to be raised
beyond normal limits in arterial hypertension although
excessive narrowing, coiling, and fragility of the capillaries
is, however, not uncommon. 1

Blood Viscosity.

We have not found any data which indicates any sig-
nificant relationship between the viscosity of the blood and
increased peripheral resistance. It has been claimed that
one of the possible theoretical causes for an increase in
blood pressure is found in the increase in the viscosity of the
blood. Steiglitz 2 has stated that, clinically, the factor of
increased peripheral resistance resulting from increased vis-
cosity of the blood is significant only in cases of poly-
cythemia. Meakins 3

, in a review of work done up to 1927,
came to the conclusion that “changes of blood pressure,
per se, are not dependent on any blood disturbance
Methods for determining viscosity in living animals before
coagulation has occurred obviously cannot be applied to
human beings

White 4 suggests that viscosity of the blood which is
chiefly dependent on the cellular content, is rarely an im-
portant factor so far as the circulation is concerned, and its
measurement is largely a matter of academic interest. He
notes that in certain diseases, e.g., high-grade polycythemi
where viscosity may be three times the normal, its increase
is a distinct burden for the circulation, and must be offset bv
capillary dilation. Among the investigators who have dealt
with the problem, Austrian5 showed that blood viscosity is
usually within normal limits in hypertension. Harris and
McLaughlin 6 selected forty hypertensives at random and

pi

Arterial Hypertension. Paul L. Hoeber, Inc., New Yoi

Arterial Hypertension and Hypotension, Physiological RMe

4:

4 White, P. D., Heart Disease, MacMillan

Austrian. 1
• Hai
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report that blood viscosity was raised above normal limits.
Whittaker and Winton 1 report that it cannot be safely

assumed that blood viscosity measured by different kinds of
viscometers correspond to viscous resistance to flow through
body capillaries. The effective resistance is probably more
nearlv one half the values so obtained.

The quantitative expression of blood viscosity is obtained
by comparing it to distilled water under the same specified
conditions. Viscosity is then seen to be a variable depending
on flow velocity, length and the diameter of the tube, and,
in the case of blood, the distortion of the elastic corpuscles
as well.

Numerical values of the viscosity are commonly obtained
from measurements of the rate of flow of the liquid through
a glass capillary tube; the rate varies inversely as the
viscosity.

According to the most recent literature on the subject of
blood viscosity, it is not believed that an increase in blood
viscosity results in hypertension; it is rarely encountered
in clinical hypertension. 2 Wiggers 3 notes that an increase
in peripheral resistance is not accompanied by increased
blood viscosity.

Increased blood viscosity majr lead to an increase in
frictional resistance to the flow of blood through the vessels.
Best and Taylor4 state that raised blood pressure in hyper-
tension is immediately caused by increase in peripheral re-
sistance and not to those factors upon which normal blood
pressure maintenance depends, e.g., blood viscosity and car-
diac output. Although a moderate increase in blood vis-
cosity has been noted in hypertension, it seems to be con-
tributory rather than basic.

Whittaker and W'inton, Jour, of Physiology, 78, 339, 1
Hermann, G,, Diseases of the Heart and Arteries, St. Louis, C. V. Mort
Wiggers, C. J., Physiology in Health and Disease, sth ed., Philadelphia. Lea & Febi|

1949.
4 Best, C. H., and Taylor, N. 8., The Physiological Basis of Medical Practice. Bali

Williams and Wilkins, 1943.IT
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Wiggers 1 has said of the concept of circulation time (the
time required for the blood to travel a complete circuit)
that it is “a figment of the imagination.” He notes that
there are numerous ways in which a given corpuscle or sub-
stance can complete a circulation, the shortest being through
the coronary system.

The determination of the rate at which the blood flows
through different parts of the circulation may be made by
a number of methods: arm to arm time, lung to face time,
rate of blood flow from the venous side of the systemic
circulation through the right heart, lungs and left heart into
the arterial side of the systemic circulation, have been
studied within recent years.

Measurements of circulation time are made by intro-
ducing some easily detectable substance into the blood
stream at a given point and finding out how long it takes
for that substance to appear at any other given point in
the circulatory system. Some of the substances which have
been used are: potassium ferrocyanide (in animals), radio-
active material, detected at various points, without drawing
blood, by use of ionization chamber, the fluorescin,
histamine, saccharin, etc.

Recently, safe radioactive isotopes have been introduced,
e.g., radioactive sodium, to determine the circulatory rate.
In the case of some observations which have been made,
utilizing the substance noted above, arm to arm circulation
time was found to vary from 14 to 24 seconds; in the case
of the newer substances which have been used the time has
been shorter. Arm vein to heart rate of travel of the radium
injected blood showed a wide range of 2 to 14 seconds with
an average of 7 seconds in normal individuals. 2 It has
been found that time has been decreased when measurements
have been made with the radioactive isotopes.

The tests usually employed to measure circulatory rate
are either time to study the condition of the right ventricle

Circulation Time.

Wiggers, C. J., Physiology in Health and Disease. Philadelphia, Lea & Feblger, 1949.
White, P. D., Heart Disease. New York, Macmillan Co., 1951, p. 242.
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and Decholin, saccharine, or cyanide time to determine total
heart efficiency; subtraction of the former from the latter
gives an estimate of the strength or failure of the left ventri-
cle.

It has been found that circulation time lias increased with
the pulse rate, but not with blood pressure variations, and
was not affected by valvular disease. Those factors which
increase the cardiac output tend to shorten circulation time.
Circulation rate has been found to be decreased in con-
gestive heart failure according to the degree of failure
present.

Ruskin 1 states that the circulation time is normal in
essential hypertension, as is probably true, despite the fre-
quent elevation of the basal metabolic rate of the sum of
regional blood flows.

Summary and Recommendations
The subject of blood pressure measurement is basic to the

planning of a program to study the natural history of essen-
tial hypertension. The meaning of particular levels of blood-
pressure for specific age, sex, etc., groups, the meaning of
variations in blood pressure, its range and lability; the
frequency and periodicity with which blood pressure meas-
urements should be made; the instruments and techniques
which should be employed in determination; the conditions
under which observations may be made, all are factors
which need to be considered in our plans.

In addition, the subject of peripheral resistance com-
mands attention by virtue of its basic role in essential
hypertension. This in turn introduces a number of addi-
tional considerations to which attention must be directed.
It is generally assumed that the measurement of the arterial
blood pressure is the most efficient indicator of the state of
peripheral resistance, i.e., that elevated diastolic reading in
the absence of an increase in cardiac output is a clue to an
increased peripheral resistance. Some questions raised in
the foregoing paragraph are equally pertinent in a dis-
cussion of peripheral resistance, with the qualification that

Ruskin, A.. Physiological Cardiology. Springfield, 111., Chas. C. Thomas, 195.
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present knowledge is not so far advanced as it is in the
study of blood pressure measurement. Basic physiological
understanding of hemodynamic processes has not gotten to
the point where it is able to answer many of the problems
involved in studying blood pressure measurement and the
phenomenon of peripheral resistance.

A statement recommending that no further research in
the sphere of blood pressure measurement needs to be done
in order for us to proceed with the planning of a long-term
community study will probably be challenged immediately
in view of the insistent emphasis on problems of measure-
ment which have been made in regard to hyper-reactivity
and psychological factors. Obviously there is some research
which needs to be done on selected aspects of these areas.
However, it does not appear that extensive basic research
should be a necessary prerequisite for dealing with the role
of blood pressure measurement in a long-term study. This
is not to overlook the fact that there are at present many
unresolved questions, some of which may be solved only by
incorporating experimental situations into the long-term
design.

A fact which impresses one who has examined the litera-
ture on blood pressure measurement is the following:
(o) that there is apparent lack of agreement as to the most
effective methods for blood pressure measurement; (6) that
there does not exist that kind of data which will permit us
to adopt uniform accurate criteria soundly based on physio-
logical and clinical investigation. This has been noted in
the discussion of the phases of Korotkow sounds which
should be used to define the diastolic blood pressure, the
Committee to Revise Standardization of High Blood Pres-
sure suggesting complete cessation as the best index, many
physiologists arguing that muffling of sounds is the more
accurate index of the diastolic blood pressure.

Many variables involved in blood pressure measurement
are not considered in systematic attempts to establish uni-
formity in this field. For example, the Recommendations
make no suggestions for repeated blood pressure observa-
tions beyond one examination, e.g., if a subject is to be
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examined on successive days, it might be advisable to take
readings at the same hour, same arm, same position, etc.,
as previously. In a number of instances, proposals advanced
in the Recommendations are not specific and leave much to
the discretion of the individual observer, e.g., it is noted
that “the patient should be placed at ease and time should
be allowed for recovery from any unusual recent exercise,
meals or apprehension.” How to do these things and how to
judge the duration of time, etc., are not noted.

A question may well be raised concerning the need to
maintain a certain degree of accuracy, precision and con-
sistency in making blood pressure measurement. The
answer to this is not easy to give. What difference does it
make whether the left arm or the right arm is used; whether
blood pressure is measured at night or in the morning;
whether the observation is made by a doctor or orderly, etc.?
It has been observed that there may be differences in the
results obtained in the foregoing procedures, but except in
those few instances where differences are due to pathological
conditions, it seems impossible to state that differences will
tend to be significant, and, further, how to determine the
number of millimeters of mercury that one will use as a
criterion of significant difference. It may well be that the
uniform procedures which have been suggested by many
(including the respondents to our questionnaire) may satisfy
aesthetic rather than scientific necessity. There is no
doubt, however, that we can increase the degree of re-
liability of results by striving towards the maintenance of
standard and consistently uniform procedures and tech-
niques

The review of this subject of blood pressure measurement
has failed to supply answers to a number of questions that
have been and will be raised.

The importance of the problems which exist at the present
time should be assessed and should determine the efforts
exerted to arrive at their solution. Even in the absence of
adequate criteria by which to answer certain questions,
arbitrary procedures may be adopted. Some of the prob-
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lems faced may be dealt with only by dealing with them in
the long-term study. Others may need to be studied much
more intensively before their utilization in the projected
work, e.g., what measurements of cardiovascular function
need be made in order to more efficiently identify the
presence of increased peripheral resistance?

Instruments to he used for Measurement.
It was assumed when the work on blood pressure measure-

ment started that the basic measuring device to be used for
blood pressure determination would be the sphygmomano-
meter. Our examination of the literature has not revealed
any instruments which can more accurately or efficiently
give us this measurement.

If it is found desirable or necessary to make determinations
of various cardiovascular functions believed to be implicated
in essential hypertension, several prerequisites must be ac-
complished. Instruments which are currently available only
in experimental physiology may have to be adopted for use
on humans. Ease of manipulation and application of
various instruments will have to be determined. Degrees of
precision deemed important will have to be established and
choices of instruments on this basis will have to be made.
The effect of observer error or bias will have to be compared
with results obtained by automatically operated instru-
ments. Such factors as cost, portability of equipment, etc.,
will have to be considered.

Techniques of Blood Pressure Measurement.
The basic method of blood pressure measurement is the

auscultatory, and its general acceptance and use make it the
one most likely to be used. The recommendations of the
Council concerning palpation do not seem necessary {e.g.,
that palpation be performed to enable the observer to pump
the sphygmomanometer to the systolic pressure).

Whether, for long-range repeated and successive measure-
ment of the blood pressure, casual or basal levels should be
used cannot be decided on the basis of the information the
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literature affords us. It may be that observations of both
kinds can and should be made.

The question of who should take the blood pressure seems
to be one which should present no difficulty. On the basis of
available evidence it does not appear that significant dif-
ferences will be found. Whoever does the measurement
should possess sufficient knowledge and experience to ensure
competence.

In regard to whether observations should be made at the
subject’s home, in place of work, or out-patient department
of hospitals, etc., the literature does not furnish us with any
data which supports the use of one of these as opposed to
another. In this matter it may be quite likely that the
basic consideration which will apply will be one of feasibility
or practicability.

How to determine the periodicity and frequency of blood
pressure observations is something which does not seem
capable of being answered satisfactorily at this time. It
seems that considerable statistical work needs to be done
in analyzing results of previous studies to see to what extent
they can shed light on this problem. It may also be necessary
to conduct small-scale observations analogous to the work
done in Westchester to help us to determine how to deal
with the question of what should and can be considered
“representative” blood pressure for a given individual or
group of individuals.

A more adequate measure of peripheral resistance than
levels of diastolic pressure cannot presently be suggested
for application in a field study. A number of variables
operating to produce and sustain increased peripheral re-
sistance are presently capable of measurement under labora-
tory and clinical situations. Whether they are necessary
for the field study of the natural history is a matter we do
not feel competent to make judgment on. If they are
deemed advisable or necessary, the problem of how these
measurements may be performed under field conditions will
inevitably follow.

Peripheral Resistance.
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It has been suggested previously that many questions
that are raised in connection with blood pressure measure-
ment are at the present time not adequately or satisfactorily
answered by the literature. The work in this area was
undertaken on the assumption that this would be so. The
foregoing pages, then, represent in some measure a confirma-
tion of our original assumptions.

Factors affecting Blood Pressure.
[Table 13, p. 691, C. J. Wiggers, 1949.)

Systolic. Diastolic. p^ure

Increaeed peripheral resistanc
Decreased peripheral resistant
Increased heart rate 4-

Decreased heart rate

Increased systolic discharge

Decreased systolic discharge .

Decreased arterial distensibility

Increased arterial distensibility

Decreased arterial capacity

Increased arterial capacity

Kramer 1 cites the following methods for studying the
peripheral circulation:

Circulatory Function Tests. 1

Various methods for studying the peripheral circulation:
I. Oscillometry (registering of mass pulsation in extremities):

1. Oscillometer (Pachon).
2. Kymometer (Yaquex, Gley, Gomex)
3. Sphygmotomograph (recording oscillometer).

11. Study of capillaries and arterioles;
1. Capillary microscopy.
2. Capillary response to histamine.
3. Intradermal saline wheal test.

Reference A.

Reference B.

*ln Peripheral Vascular Diseases, Diagnosis and Treatment. David W. Kramer, Philadelphia,
1948, F. A. Davis Company, Publishers, pages 33-34.
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4. Capillary resistance tests.
5. Ophthalmoscope.

Calorimetery and thermometric studies.
1. Instruments:

11l

(а) Dermatherm.
(б) Potentiometer.
(c) Rubicon indicator.

2. Thermometric studies by means of
(а) General anesthesia.
(б) Spinal anesthesia.
(c) Autonomic ganglia block.
(d ) Local nerve block.
(e) Foreign protein.
'/) Reflex vasodilatation with immersion method

( g ) Reflex vasodilatation with tropidore method.
Roentgenography, arteriography and photography:IV

1. Flat plate examination.
2. Arteriography.
3. Aortography
4. Venography.
5. Infra-red photography.

Miscellaneous tests:V
1. Plethysmograph

2. Plantar schemia,
3. Allen test.
4. Claudication time
5. Kisch test.
6. Pickerine test.
7. Muscle fatigue.
8. Venous filling time.
9. Fluorescein.

10. Cold sensitivity test.
11. Circulation time.
12. Venous pressure.
13. Radioactive isotopes.

Rappaport and Sprague 1 have written on the physio-
logical and physical laws governing auscultation, their
clinical applications and phonocardiograph. They have
summarized their paper as follows:

1. Tones of different periods of oscillation or frequency, but of similar-
intensity, affect the human ear to different degrees. The audiogram,

Reference C

1 Rapport, M. 8., and Sprague, H. 8., Physiologic and Physical Laws that Govern Auscult-
tation and their Clinical Application. The Acoustic Stethoscope and Stethograph. Am. Heart J.,
1941, XXI, 257.
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which is a graphic representation of the threshold of audibility, is a meas-
urement of the degree to which human hearing varies with respect to the
frequency of vibration of the stimulus.

2. The minimum change in intensity of a sound stimulus to which the
human ear is capable of responding varies with the general level of the
sound, as well as with its frequency. In the auscultatory frequency band,
as the frequency of the stimulus is lowered, a decidedly greater percentage
variation in intensity is therefore required to produce the minimum per-
ceptible change.

3. The human ear is a better detector of changes in frequency than of
changes in intensity. A sound stimulus with a high sensation level re-
quires less of a frequency variation to produce minimum susceptibility
than does a sound stimulus of a lower sensation level. Also, the ear is
somewhat less sensitive to frequency variations at the lower end of the
auscultatory frequency band than it is to variations in the upper region.

4. In the auscultatory frequency of a stimulus may be varied rapidly
over a considerable portion of an octave without detection by the ear.

5. The auditory sensation produced by a complex sound may be de-
cidedly different in character, as well as in intensity, when the stimulating
level is decreased or increased, even though no distortion is introduced.
As a complex sound, such a murmur becomes more intense, the low-
pitched components appear more prominent to the observer.

6. When a sound of comparatively high intensity immediately pre-
cedes a sound of considerably lower intensity, masking of the sound of
lower intensity may result.

7. There are many paths along which heart and chest sounds travel in
the human body in order to reach the surface. As a result a large per-
centage of sound energy never reaches the surface because of viscosity,
elasticity, density, spreading, reflection and refraction losses.

8. The entire auscultatory frequency band for heart sounds and mur-
murs lies below 1,000 cycles per second. An estimation of the lower fre-
quency limit of heart sounds and murmur components puts it in the
vicinity of 5 to 10 cycles per second, although 30 to 40 cycles per second
is the lower limit of audibility.

9. Acoustic stethoscopes may be classified as either monaural, binaural
or differential. Either the monaural or binaural stethoscopes are pri-
marily instruments for localizing and comparing sounds.

10. The open stethoscopic chest piece, or bell, when applied to the pa-
tient’s chest, may be considered as a diaphragm type of chest piece. The
skin which is bounded by the lip of the bell forms the diaphragm, and the
fleshy portion under the skin acts as a damping medium.

11. The larger the diameter of the open stethoscopic chest piece, the
better its response to low-pitched sounds. This is accomplished at the
expense of the higher frequency components.

12. The greater the pressure with which the open stethoscopic chest
piece is applied to the patient’s chest, the better is the response of the
stethoscope to higher frequency components. Thus, by varying the ap-
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plication pressure, the physician exerts a variable filtering action upon
the sounds because the natural period of the skin diaphragm bounded by
the chest piece depends on the application pressure.

13. Open stethoscopic chest pieces of various geometrical shapes have
been devised to improve the sound-accumulating efficiency of the stetho-
scope. A bell with its interior shaped like a parabola has been a favorite.
Such chest pieces invariably decrease the efficiency of the stethoscope be-
cause they increase the internal volume of the chest piece.

14. The only important consideration when designing an open stetho-
scopic chest piece is to keep its internal volume at a mimimum and have
it so shaped that, in the case of an obese patient or one with an inelastic
chest wall, the bell will not fill with flesh to such an extent as to decrease
effectively the diameter of the enclosed diaphragm.

15. The diaphragm type of chest piece (Bowles type), which is com-
monly used in auscultation, is especially useful in detecting faint, high-
pitched sounds. When it is applied to a patient’s chest, the principle of
operation of the Bowles chest piece is similar to that of the open bell, ex-
cept that additional attenuation of the lower pitched heart and chest
sound components is obtainable with the Bowles chest piece, and this
prevents masking of the higher pitched components.

16. In the Bowles chest piece, as in the open type of chest piece, the
air volume should be made as small as possible in order to obtain maxi-
mum efficiency.

17. Between 60 and 400 cycles per second, which includes most of the
auscultatory region, tests show that the binaural method of auscultation
through rubber tubes is, on an average, 20 decibels better than the
monaural method, with the ear directly applied to the stethoscope. A
20-decibel difference is equivalent to a tenfold increase in sound pressure
at the ear drum. Only between 850 and 1,000 cycles per second is mon-
aural, or direct, auscultation more efficient than binaural, and this range
is too high to be practically useful.

18. The changes in the efficiency of an acoustic stethoscope which are
caused by varying the length of the tubing, although they are not given
any considerationby stethoscope users, produce an effect upon the quality
of sounds. Tests show that, below 100 cycles per second, the efficiency
is not materially affected by tubing length. Between 100 and 1,000
cycles per second, tubing length exerts a considerable effect; that is, the
efficiency decreases with increased tubing length. This efficiency loss
occurs in the region of the low intensity, high-pitched, diastolic murmurs,
and every possible increase in efficiency in this region is of utmost value.

19. In order to obtain the most efficient tubing dimensions one should
make the tubing as short as possible and compromise on the resistance
and volume components. The compromise may be approached by plot-
ting a graph representing efficiency versus volume effect, and another
representing efficiency versus frictional resistance effect; where the two
curves intersect is the point of optimum efficiency.



1956.] HOUSE — No. 3050. 179

20. For general clinical use, an electrical amplifying stethoscope must
transmit sounds to the observer with a quality and fidelity equal to that
of the average acoustic stethoscope. A modification of the frequency re-
sponse characteristic of an electrical stethoscope will definitely alter the
quality and character of the sounds.

21. An amplifying stethoscope is
used for making sounds many times
an acoustic stethoscope. The majoi
scope over the acoustic stethoscope

not primarily an instrument to be
louder than they can be heard with
advantage of the amplifying stetho-
is that it enables one to adjust the

intensity to the desired level, and thus eliminate a number of modifying
characteristics peculiar to human hearing w'hich cannot be overcome
with the acoustic stethoscope.

22. When filters, either electrical or acoustic, are used with an ampli-
fying stethoscope, they should possess frequency response characteristics
similar to those of the various open and diaphragm chest pieces.

23. For teaching purposes, a loud-speaker may be used in conjunction
with the amplifying stethoscope. The over-all frequency response of the
loud-speaker and amplifying stethoscope must be identical with that of
the average acoustic stethoscope, in order not to modify the quality and
character of the sounds.

24. In order to maintain an identical and known relationship between
sounds as heard and as recorded, the recording galvanometer and audio-
phone must be fed from the same
sations which pass to the audioph

iource; that is, the same electrical pul-
me are fed into the galvanometer.

state in their paper publishedRappaport and Sprague
in 1942 that

1 in the usual stethoscopic manner, the
vibrations as they actually exist at the

1. When a patient is auscultate
observer floes not hear the cardiac
source because of three major forms of modification, namely:

(a) The heart sounds are altered in their transmission from the source
to the surface of the chest.

iurface of the chest are additionally
and the type of chest piece em-

(6) The heart sounds that reach the
modified by the acoustic stethoscope
ployed.

the heart sound vibration as they(c) The observer does not perceive
are transmitted to the ears by the acoustic stethoscope.

2. The three major forms of cardiac sound modification are related to
auscultation, as follows:

(a) The chest transmissional factor must be considered and handled
as a variable quantity.

(b) Modification effects that are introduced by acoustic stethoscopes
and their chest pieces may be made non-variable. No attempts at

i Rappaport, M. 8,, and Sprague, H. 8., The Graphic Registration of the Normal Heart
Sounds, pp. 77-79, in White.
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stethoscopic standardization have as yet been made. Until such stand-
ardizations are accomplished, the stethoscopic factor must be consid-
ered as a variable quantity in auscultation.

(c) Modification effects that are introduced by average normal hear-
ing may be considered as a constant quantity in auscultation, with the
condition that personal factors, such as auscultatory experience, fatigue,
surrounding noise level, and rhythmic concentrational ability, are omitted.

3. The three major forms of cardiac sound modification encountered
in auscultation may have the following relationship to phonocardiography:

(a) In phonocardiography, as in auscultation, the chest factor must be
considered as a variable quantity.

(b) The modification effects that are introduced by an acoustic stetho-
scope and its chest pieces in auscultation may be reproduced perfectly
by phonocardiography.

(c) The logarithmic type of modification that is introduced in ausculta-
tion by average normal hearing may also be reproduced by phonocardi-
ography.

4. Phonocardiographic registration may therefore be considered ac-
cording to the degree of modification introduced, namely:

(a) Linear phonocardiography, or the registration of the sound vi-
brations as they are transmitted to the ears by an average acoustic
stethoscope

;raphic) phonocardiography, or the
they are perceived by a competent
omitted.

(c) Logarithmic (human audio;
registration of sound vibrations a:
observer if the personal factors are

5. Linear, stethoscopic and lo£
rectly related to auscultation. E

;arithmic phonocardiography are di-
ach phonocardiographic method is a

representation of a definite stage of sound transmission in auscultation.
Deviations may be introduced by a phonocardiograph with frequency
response characteristics other than linear, stethoscopic or logarithmic.
Such deviations bear no direct relationship to the auscultatory transmis-
sion and detection stages. Therefore, a phonocardiograph with other than
linear, stethoscopic or logarithmic characteristics must be considered as
either an apparatus of poor design or an expression of the designer’s per-
sonal opinion, unless the deviation is based upon a natural constant.

6, The linear phonocardiograph is essentially an electrical sphygmo-
graph which possesses several advantageous characteristics not common
to the “segment capsule” or “direct optical” type of sphygmograph.

7. A linear phonocardiogram, when registered over the apex, is an
“apex cardiogram” or “apex beat” tracing.

8. A chest piece was devised which makes possible simultaneous
phonocardiographic registrations over the same precoi’dial area. For
example, this dual chest piece is useful for simultaneously registering the
apex beat and the stethoscopic or logarithmic phonocardiogram at the
apex. Clinically, such simultaneous registrations may be useful in differ-
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entiating between the third heart sound and the opening snap of the
mitral valve when the isometric relaxation phase of the left ventricle is
shortened by mitral regurgitation. The apex cardiogram is also useful in
timing diastolic events, as in venous pulse registration. In some persons
it is rather difficult to record the venous pulse; in such cases, the apex
cardiogram may be registered instead.

9. The first heart sound is composed of four components, namely:
[a) The first, which is caused by residual vibrations of auricular origin.

( b) The second, which is produced at the beginning of the isometric
contraction phase of the cardiac cycle (closure of the mitral and tricuspid
valves).

(c) The third, which is caused by the opening of the semilunar valves.
(d) The fourth, which is caused by the acceleration of the blood in the

arterial vessels during the maximum ejection phase of ventricular systole.
10. The linear phonocardiograph is capable of registering the first and

fourth components of the first heart sound efficiently, but is very ineffi-
cient in the registration of the second and third components.

11. The stethoscopic phonocardiograph registers the first and fourth
omponents of the first heart sound with some attenuation, but does not
bliterate the vibrations. The second and third components are regis-

tered distinctl
12. The logarithmic phonocardiograph obliterates the first and fourth

components of the first heart sound of most normal persons, and registers
the second and third components distinctly.

13. When a normal person is auscultated, the observer rarely hears
the first and fourth components of the first heart “sound”; the second
and third components are well heard. Logarithmic hearing (as indicated
by logarithmic phonocardiography) is responsible for this auscultatory
condition because of the greater relative attenuation of the higher fre-
quency second and third components. Logarithmic attenuation of the
first and fourth components is of sufficient magnitude to bring them be-
low the level of human audibility.

14. A simultaneous stethoscopic or logarithmic phenocardiogram and
venous pulse tracing may serve as a means of differentiating between a

prolonged first heart sound and a first heart sound which is followed by a

short systolic murmur. In the latter instance, it extends beyond the
c” wave peak.

15. Our observations indicate that the second normal heart sound may
be composed of four components, namely:

(a) The first vibrations, which represent the beginning of the diastolic
fall in pressure with ventricular relaxation.

(6) The second group of vibrations, which are caused by the closure
of the semilunar valves (termination of ventricular systole).

(c) The third group, which are most likely due to the arterial wall and
blood column vibrations. An additional, .possible source of vibration in
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this phase of the second heart sound may be the natural period vibration
of the chest wall, which may conceivably be set into oscillation by the
second component.

(d) The fourth component is caused by the opening of the mitral and
tricuspid valves.

16. The logarithmic phonocardiogram almost always totally obliter-
ates the first, third and fourth components of the second heart sound vi-
brations, whereas the stethoscopic and linear phonocardiogram may show
all four components. This indicates that no matter how competent an

observer may be, he can hear only the second component of the second
heart sound of a normal person because his hearing is logarithmic.

17. Although the duration of the normal second heart sound is nearly
equal to that of the first, auscultation makes the second sound appear
shorter. This is explained by the fact that, normally, two components
are audible in the first heart sound, whereas only one is audible in the
second heart sound. .

. .

21. For maximum accuracy in all types of phonocardiographic analysis
a phonocardiograph capable of registering the heart sounds linearly
stethoscopically and logarithmically should be employed.
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Note. This is a working paper. Its organization is in no sense final.
We shall feel free to add and omit material as the work progresses. Its
reproduction and distribution at this time is for the purpose of soliciting
comments and criticism.

The present paper forms part of a series of reviews con-
cerned with assessing the role of a variety of variables in the
genesis and sustenance of hypertension. The purpose of
these reviews, aside from their general informational value,
is to set the stage for one or a series of field studies on
hypertension. It is hoped that the critical analysis of
current research will identify those hypotheses and areas
which are promising for further exploration.

The specific objective of this paper is to identify, review
and assess current research on the role of psychological fac-
tors in hypertension. The work to be reviewed is con-
siderable and has been carried on from a variety of vantage
points. It is, therefore, not easy to decide which mode of
analysis will best enable us to identify the strengths and
weaknesses of the current research on hypertension.

It appears that our purposes are best served by approach-
ing the task in different ways. The organization of this
paper reflects the various approaches experimented with.

Section I. Consists of a Brief Review" of Some
Theories of Psychosomatic Medicine.

Almost all of the work dealing with psychological factors
and hypertension is built on the more or less explicit premise
that psychological factors interact with or precipitate
somatic processes and alterations. The mode of the inter-
action is not always specified in the research reviewed.

PSYCHOLOGICAL FACTORS IN HYPERTENSION.

Introduction.
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Rather, we observe that the
represent an outgrowth of

specific hypotheses employed
extrapolation of more basic

conceptualizations regarding psychosomatic relationships.
Certainly, the insightfulness of the specific work reviewed
hinges on the validity of the more comprehensive formula-
tion upon which it rests. We shall, therefore, review some
of these general theories and attempt to show how some
specific hypotheses with reference to hypertension derive
from them.

Section 11. Represents a Listing of Hypotheses on
the Role of Specific Psychological Factors in
Hypertension.

A great number of psychological variables have been
related to hypertension. Some of them are postulated as
instrumental in the genesis of the disorder, others as neces-
sary in its sustenance, and still others are postulated as cor-
related with its presence.

This section does not purport to represent an exhaustive
summary of all the variables employed. We have used our
judgment here to select those hypotheses which either stem
from field research, or which are built on some explicit
theoretical foundation.

Section 111. Reviews Implicit or Explicit “Concep-
tual Models” dealing with Psychological Factors
and Hypertension.

The review of hypotheses on the specific role of one or
the other factors in the development of hypertension can be
very misleading. It obscures the postulated interrelation-
ships between many of the psychological variables involved.
This relatedness is postulated both for one point in time as
well as through time, so that one characteristic must precede
or succeed another one.

The nature of many of the interrelationships involved
derive from various psychiatric schools. It is thus possible
to develop models which specify the dynamics of inter-
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relations postulated by a number of researchers. Four such
models are discussed.

Section IV. Evaluates Some of the Present Re
search Methodologically.

Section IV addresses itself first to the traditional con-
iderations of sample size, use of controls, etc., employed in

research on hypertension. It then contains a discussion of
the variables selected, and further deals with problems in
operationatizing concepts and variables currently employed.
The section concludes with a proposal for further research
which will clarify and specify hypotheses on the role of
psychological factors in hypertension.

Theories of Psychosomatic Medicine.
The term “psychosomatic” is currently used to refer to

a group of disorders in which psychological features seem
to be significant as etiological factors.

In one sense all bodily states in health and in disease can
be considered psychosomatic, since a complete understand-
ing of their dynamics requires consideration of psychological
as well as somatic variables. Some investigators believe that
all bodily processes have both and somatic
aspects, and that the relative significance of one or the other
set of variables is largely a function of the field of attention
of the observer.

The Roman proverb “mens Sana in corpore sano”, postu-
lated several thousands of years ago the essential unity of
psycho-physiological processes which has become the focus
of 20th century psychiatric and medical research. How-
ever, if we were to search for the specific stimuli for the con-
temporary emphasis, the psychological theories of Freud and
the physiological research of Cannon would have to be noted.
These two men, perhaps, more than anyone else built the
bridges on which psychiatry, physiology, medicine and psy-
chology could meet. It was Freud to whom we owe the
initial formulations of functional disorder. It was he whe

Section I.
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perceived the similarities between hypnotically induced pa-
ralysis and the paralyses or blindness found in patients
suffering from hysteria and other psycho-neurotic disorders.
His observations led him to postulate that emotional con-
flicts revolving around guilt and anxiety could be expressed
by a bodily symptom such as paralysis. He characterized
the process involved as “conversion neurosis.” Though a
neuro-physiologist himself, he did not spell out the variety
of psycho-physiological mechanisms through which such in-
teractions could be mediated. Nonetheless, he provided the
impetus for other psychiatrists and physicians to go on to
more systematic exploration.

Cannon’s physiological research got under way a number
of years later. Cannon, on the basis of considerable work,
specified the physiological processes accompanying stress
(emotion and physical) experienced by the organism. In
preparation for fight or flight, for example, the following
physiological processes occur: gastro intestinal activity is
inhibited, heart and lung action is stimulated, blood is
driven from the splanchnic area to muscles and lung, and
blood pressure rises. This carefully documented work has
become the foundation of much current physiological re-
search as well as supplied a frame of reference for some of
the more widely held psychosomatic theories {e.g. Alexander).

Interest into the relation or rather the unity between
Psyche and Soma was, of course, also manifested by a
great many other physicians, psychologists, physiologists,
biochemists. Dunbars’ “Emotions and Bodily Changes”
represents a distillation of most of the significant work done
up to 1935.

The Theor

The first type of theory to be described postulates that
psychosomatic symptoms are symbolic expressions of emo-
tionally charged content; they represent an attempt to dis-
charge the emotional tension. These symptoms can be
understood, according to this view, as a “translation” of
the meaning of the conflict into “organ language.” As far
as therapy is concerned this viewpoint implies that once
the therapist and the patient understand the unconscious
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conflict, the symptom could be retranslated, i.e., its origi-
nal meaning could be recognized and eventually the symp-
toms could be made to disappear.

Weiss and English are current proponents of this view.
They reason that “if they [the patients] cannot find an
outlet for tensions of emotional origin by work or action,
the body will find a means of expressing this tension through
a kind of “organ language.”

For example, if a patient cannot swallow satisfactorily, and no or
ganic cause can be found, it may mean that there is something in the life
situation that he “cannot swallow.” Nausea, in the absence of organic
disease sometimes means that the patient “cannot stomach” this or that

feeling of oppression in the chest
again in the absence of organic

as a “load on his chest” that he
at his problems. .

. .

environmental factor. Frequently a
accompanied by sighing respirations,
findings, indicates that the patient 1
would like to get rid of by talking abo

For Weiss and English the cardio-vascular system can be
employed to express the experience of “being burned up.”
They refer to the popular phrase “getting one’s pressure
up” as the expression of the symbolic value of blood pres-
sure rise to release excitement, frustration or anger.

A further illustration of this position on how a certain
organ can be employed to express an emotional problem is
provided by White.

We know that fibroid tumors of the uterus are more frequent in women
who have never borne children, and we have long thought that there may
be some connection between sterility and their cause. . . . Visualizing
the situation in terms of energy, is it too much to say that the tumor is
the best result the uterus is able to obtain under the circumstances in
its efforts to bring forth a child? Can we not visualize the uterus as strain-
ing to fulfill its biological function, and so finally, as a result of the de-
termination of energy in this direction, causing added growth and a
tumor which is the caricature of a child .

. .

?

In addition to the symbolic value attached to the organ
involved, White outlines the following mechanism:

The pattern of the organism is a pattern of somatic structure and of
energio investiture. The concept of energic investiture is important for
the comprehension of disease; problems of adjustment require redis-
tribution of energy, and the new stresses developed by this redistribu-
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c

tion may cause disease . .
. disease is a failure of adaptation both to

conditions without the organism and within it. . . .

lii other words, White is assuming that the energy avail-
able for the production of the child is, in the case of childless
women, redistributed, and is thus discharged through the
development of a fibroid tumor of the uterus. The uterus is
also the most appropriate organ to symbolize the longing
for a child.

The proponents of the organ language position are, of
course, operating on a kind of “teleological” premise; that
is, the premise that an organ or organ system can express a
mental objective.

Alexander and Szasz have noted the difficulty in attempt-
ing to describe somatic processes as if they were psychic
processes. They remark that the description of physiological
processes requires different conceptual tools than those
supplied by psychoanalysis.

Another formulation meets the first in the viewpoint that
psychosomatic disorder involves redistribution of energy,
but it does not accept the direct symbolic value of the
disorder.

Dunbar offers the following sequence in the development
of psychosomatic disorder:

1. Inadequate expression or solution of emotional conflict is particu-
larly likely to occur when the emotion is not a response to what appears
to be real, an external situation or danger.

2. If action is inappropriate to the actual situation, or inadequate to
the solution of the confrontingproblem, the emotion with its physiological
accompaniments is likely to be inadequately discharged and so disturb
the equilibrium of the organism concerned

3. Conflicts excluded from consciousness create perm anent tension
which may occasion persistent or recurrent disturbances of organic func-
tion;

4. If the personality is unable to cope with the problem, if any marked
involved, the whole process is likelydegree of unpleasantness or conflict i

to be excluded from consciousness
subcortical mechanisms.

,nd thus create a short circuit into

Dunbar follows Sherington in the view that the mind is
essentially serving an inhibitory function in relation to
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behavior, and that the greatest relief of tension is provided
by action and at least by phantasy and thought.

It should be noted that her formulation does not specify
the specific physiological consequences of this “short cir-
cuiting” in the above four-step formulation.

However, she identifies four sets of determinants which
should be considered in relation to “choice of disorder”:

1. Somatic make-up, including constitution, heredity and, specifically
organ conditioning.

3. Fundamental character structure (genital, pregenital, etc.), strength
of ego and the nature and strength of its defences; that is, “charac-
teristic ” ways of handling difficulties or reacting to stress and strain
in both physiological and other terms. . . .

4. Possible adventitious factors, such as exposure or economic handicaps
usually evaluated in the light of the above.

Her position in a sense is circular. For example, the
second set of determinants when related to a specific disorder
such as duodenal ulcer would result in a formulation such as
this: The individual who characteristically handles diffi-
culties relating to life stress through the gastro-intestinal
system might be prone to the development of duodenal
ulcer.

Dunbar relates the occurrence of hypertension to the
presence of generalized tension in the individual. She
postulates that the control of tension (derived from in-
hibiting aggressive thought and actions) may be related to
the development of smooth muscle spasms. The vascular
involvement stems from driving emotional conflict inward.

Dunbar is weak in spelling out the basic emotional
processes involved in the generation of the tension as well
as in specifying the precise physiological mechanisms sup-
posedly participating.

We next turn to a consideration of Alexander’s theoretical
system. Alexander has tried on several occasions to spell
out in as much detail as possible both the psychological and
the physiological mechanisms involved in the generation of
a variety of psychosomatic disorders. His formulations

2. Focal conflicts plus factors in the patients’ situation, such as traumatic
events, and, specifically, psychological conditioning; and
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build heavily upon the model of vegetative functioning
proposed by Cannon.

Alexander sees the following elements as contributory to
the genesis of a disorder:

(c) Organic diseases of infancy which increase the vulnerability of cer-
tain organs.

(d) Nature of infant care (weaning habits, toilet training, sleeping ar-
rangements, etc.).

(e) Accidental physical traumatic experiences of infancy and childhood.
(/) Accidental emotional experiences of infancy and childhood.
(g) Emotional climate of family and specific personality traits of parents

and siblings.
(h ) Later physical injuries.
(i) Later emotional experiences in intimate personal and occupational

relations.

Alexander explicitly states what he means by psychic
causation of disease;

It is important that we state specifically what is meant by “psycho-
genesis.” In the case of emotionally caused elevation of blood pressure,
psychogenesis does not mean that the contraction of the blood vessels is
effected by some non-somatic mechanism. Rage consists in physio-
logical processes which takes place somewhere in the central nervous
system .... Where we speak of psychogenesis we refer to physiological
processes consisting of central excitations in the nervous system which
can be studied by psychological methods because they are perceived sub-
jectively in the form of emotions, ideas or wishes.

In Alexander’s system the mechanisms involved in the
development of vegetative disorders are spelled out in
detail. He first divides emotional disturbances of vegetative
function into two categories;

1. Preparation for fight or flight in emergency.
2. Withdrawal from outwardly directed activity.

He then reasons that the disturbances belonging to the
first group (preparation for fight or flight) are the result of
inhibition or repression of self-assertive, hostile impulses.
Because the impulses are inhibited, the corresponding be-
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havior (fight or flight) is never consummated. In other words,
although the vegetative processes have been mobilized for
concentrated aggressive activity, they are not brought to
full-fledged action. The result is that the chronic state of
preparedness persists in the organism, together with those
physiological reactions which are normally needed in an
emergency situation, such as increased heart rate, heightened
blood pressure, or dilation of the blood vessels in the skeletal
muscles, and increased mobilization of carbohydrates and
increased metabolism. The second group of neurotic
persons are thought to react to the necessity for “concen-
trated self-assertive behavior with an emotional withdrawal
into a dependent state.” This withdrawal is called “vegeta-
tive retreat” by Alexander because the physiological reac-
tions represent a retreat to an infantile, earlier state in which
frustration was overcome by the intake of food.

Alexander sees the sympathetic division of the autonomic
nervous system called into action when preparation for fight
or flight is effected, whether action is blocked or not, while
the parasympathetic branch expresses the withdrawal of
the organism from outwardly directed activity. He real-
izes that this division of vegetative symptoms only repre-
sents “a preliminary step toward a solution of the question
of emotional specificity in organ neuroses.”

With specific reference to hypertension Alexander writes
as follows:

Chronic, inhibited, aggressive, hostile impulses which always appear
in connection with anxiety, have a specific influence upon the fluctuations
of blood pressure. . . . An acute elevation of the blood pressure is part
of the normal reaction to fear and rage. Our assumption is that a chronic,
inhibited rage may lead to a chronic elevation of the blood pressure.

He further outlines the process involved:
It may well be that when inhibitions dictated by society and the prev-

alent culture first began to establish themselves in the individual who is
a potential hypertensive, he begins to have fluctuations in the level of his
blood pressure. Under the repetitive influences of vasomotor stimulation,
the vascular system may begin to develop organic changes which do not
become demonstrable for some time, but which are reflected in the pro-
duction of pressor agents, just as occurs in the dog when the renal arteries
are clamped.
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While the clarity of Alexander’s position is commendable,
it leaves a number of questions unanswered:

1. It is, for example, also postulated that unconscious
aggressive tendencies lead to a host of other functional as
well as purely psychological disorders. Under what condi-
tions do they lead to hypertension? The specific factors to
account for the locus or kind of disorder developed thus
still remain unclear. Alexander has, of course, at times
spoken of hereditary factors. But hereditary per se is a
“deus ex machina,” if we cannot identify just what it is
that is supposed to be inherited. Is it a specific organ in-
feriority such as arteriolar resistance? Is it a general auto-
nomic nervous system instability, or is it a tendency to en-
docrinological disequilibrium? Neither Alexander nor other
workers introducing heredity as a mediating factor are very
specific on this point.

2. Alexander accepts in part the “renal” theory of
specific causation. But both he and other advocates of
this view are faced with the fact that “renin is not found
in the blood of individuals manifesting essential hyper-
tension.”

3. Other investigators have pointed out that while the
“preparation for fight or flight” hypothesis is a useful start-
ing point, it is not yet justified to conclude that a direct
connection between aggression, expressed or inhibited (and
specific autonomic function), has been established by Can-
non’s experience or others. What is questioned is that spe-
cific conflicts can result in specific autonomic symptoms.
Bieber and Tarachow say:

We do not feel that there is any limited specificity ... it makes no
difference whether it is a hostile impulse, a sexual impulse, an emotional
attitude or any kind of impulse or situation ... as long as any impulse
or situation is viewed as dangerous and cannot be normally mastered
there must be some expression of this failure in autonomic integration.
In terms of such a concept the specific detailed type of problem has no
importance.

Bieber and Tarachow instead advance a theory of psycho-
somatic relationships which focusses on the concepts of ex-
citation and inhibition. They also introduce the concepts
of “successful mastery” and “attitude” into their scheme.
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Successful mastery is defined as the “complete resolution
of any tension or impulse accomplished with anxiety, in-
hibition or other defensive integrations, such as reassur-
ance, rationalizations, etc.” Attitude is defined as a “cross
section of an individual at any given moment. ...” The
attitude of a man just frustrated might show tension in the
somatic musculature spasm of the intestinal tract, sweating
of hands, etc.

Psychosomatic disorder develops as follows:
If the action involved in the resolution of a tension or impusle has be-

come associated with an expectation of injury or frustration, the mastery
of this impulse will be interfered with. ... In the attitudes during the
period in which such an impulse is operating, there will be evidence of
some reaction to this expected injury, be it anxiety, inhibition, loss of
appropriate effect and some defensive integration. It is in these attitudes
that autonomic symptoms may appear as somatic components of the re-
action.

We can diagrammatically represent this view in the
following manner:

Expectotion of Injury
Impulse.

Mastery (resolution of
impulse without
anxiety or in-
hibition)

loss of affect
inhibition)

Abnormal Autonomic

Bieber and Tarachow are among many investigators who
have questioned the view that specific conflicts cause specific
disorders. Recently Kubie has stated that neurotic dis-
orders and especially the so-called psychosomatic disorders
can be produced in many ways. He says

True, there must be a final common pathway to each; but the approach
to this final pathway may follow many different routes. In climbing a

Phenomena
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mountain, several faces can often be scaled. Along each face the ascent
will be remarkably different. Yet as the various paths converge on the
top, there will be some path up the final peak which is common to all. .

. .

Kubie is concerned that psychosomatic theory fall prey
to that ancient search for the single answer, a search which,
he feels, has misled medical research so often in the past.

If we are sympathetic to this attack upon specificity in
causal chains, then the formulation of research into the role
of psychological factors in hypertension becomes increas-
ingly difficult.

One of the most comprehensive systems developed is
that of Grinker. Grinker sees the core of the psychosomatic
problem in the “period of differentiation from total heredi-
tary to individual learned patterns and their integration
into a new personal system. Any hypothesis concerned with
psychosomatic functions or disturbances should deal with
the intermediate process of development between the un-
differentiated whole pattern and the integrated matured
process. It is this period that determines the formation of
healthy, sick or potentially sick organisms.

To illustrate the number of variables integrated into
Grinker’s system we quote his own abstract of his position:

1. The infant is born with a significantly variable hereditary or built-in
visceral behavior pattern which can be measured as a base line on which
subsequent influences impinge and produce alterations.

2. The neonatal organism with whatever differentiations apparent at
birth functions viscerally as a whole with generalized patterns of reaction
to all stress, internal or external.

3. Subsequent maturation is associated with differentiation into part
functions with shifting gradients of dominance, and part-whole relations,
with latency, but not extinction, of dominance of the neonatal whole pat-
tern of functioning.

4. Such differentiation of part functions develops a new and highly in-
lividual integration of intrapersonal transacting systems.

5. These systems are foci of a field in a time-space continuum, and are
characterized by constitutional, integrative and functional determinants

tionship with eaciThey are in transact
hern, as well as the subsequently differentiate!
3d by neuronal nets of the vegetative nervou

6. The neonatal
functions, even thou
system, are capable of development and modification by conditi
fore the advent of exteroceptive functions or object awareness.
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7. This learning develops from stimuli emanating from the external
(mother) or incorporated food, bacteria, medication, temperature varia-
tions, fluids or solids, quantities, etc., environment, not only on the ori-
fices but also on the entire visceral “in-between.”

8. The first actions and subsequent reactions of the infant establish a
transactional feed-back relationship of mother and child first within them
as a symbiotic unit, later between them as foci. The mother utilizes her
own developmental personality derivatives, her ethnic tradition and the
current cultural values.

9. The environmental stimuli, acting on the undifferentiated whole or-
ganism, affect the subsequent differentiated parts. One of these is the
visceral nervous system and its organ innervations; another, the psycho-
logical system. Each later develops according to its natural maturational
processes and receives further individual modification by special en-
vironmental influences.

10. Special influences acting on the organism, undifferentiated or in the
process of differentiation through a variety of negative and positive con-
ditioning processes, establish a symmetrical loading of developing smaller
systems and create a variety of types of integration varying in degrees of
capacity for strain under stress.

11. The later development of the psychological system, accompanying
neocortical functioning, object relationship, learning by cathexis and the
formation of word symbols, screens or reacts more or less successfully
against the imprint of the earliest experiences, memory traces and primary
effects.

12. Regression (disintegration) under transactional stress produces re-
vival of global functions with the recrudescence of primary effects ex-
pressed in primitive visceral fashion. Hence, investigation and treatment
of the primary psychosomatic (healthy or disturbed) functions must re-
vive the preverbal visceral undifferentiated total functions in which are
contained the rudiments of both the organ and psychological systems.

13. The stresses which re-evoke inhibited fragments of visceral patterns,
and finally the total psychosomatic responses, may be external, internal,
somatic or psychological, and traumatic or chronological (aging).”

Despite this elaborate general formulation Grinker has not
yet spelled out the implications of his multiple variable
theory for an understanding of the etiology of specific dis-
orders such as hypertension.

The next position to be discussed views psychosomatic
disorders as "stress” disorders. The outstanding pro-
ponents of this position are Hans Selye and Harold G.
Wolff. Selye uses the term "systemic stress” to denote a
condition in "which, due to function or damage, extensive
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regions of the body deviate from their normal resting
state.” Stress is defined by Wolff as the “internal or re-
sisting force brought into action in parts by external forces
or loads.” Stress may be engendered by physical, chemical,
micro-organismic as well as psychological stimuli. Among
the stressors listed by Selye are the following; trauma,
hemorrhage, burns, solar radiation, nervous stimuli, infec-
tions, drugs and toxic compounds, muscular exercise.

Selye’s work has focused on the pituitary-adrenal cortex
combine and the way it is activated during stress. “If
stress becomes too great, the target organs such as the
kidney or cardiovascular system which react to the en-
suing endocrine changes may be damaged or destroyed by
its own defences.”

The following specific features of the stress reaction are
listed by Selye:

1. An absolute excess or deficiency in the amount of
corticoids produced during stress.

2. Disproportionate secretion of gluco or minerals-
corticoids during stress.

3. Production by stress of metabolic derangement (through
extra-adrenal pathways) which abnormally alter the target
organ responses to corticoids (through the phenomenon of
conditioning).

The disorders resulting from an organism’s exposure to
prolonged stressors have been called “diseases of adaptation.
Hypertension is among these diseases of adaptation. Though
Selye sees a variety of stressors involved in the production
of hypertension, he remarks that “the final link in the
chain of events always appears to be either an adrenergic
stimulus (adrenaline or non-adrenaline formation by the
adrenal medulla) or an excess of RPS (increased production,
decreased destruction).” He calls attention to the similar-
ity between the renal pressor substances and the adrenergic
pressor amines, and thus conceives a uniformity for the final
pathway of the various pressor systems.

Selye’s premise regarding the interchangeability of alarm-
ing stimuli or stressors enables him to focus on the physi-
ological and biochemical dynamic involved. There is no
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exploration of psychic stimuli except the admission that they
are capable of releasing mechanisms described before.

In a recent analysis of Selye’
concept of “crossed resistance’
General Adaptation Syndrome
has been pointed out:

work the significance of the
(a significant aspect of the
for psychosomatic research

Crossed resistance refers to the fact that during successful adaptation
to one kind of stress an organism is much less resistant to the simultaneous
application of another type of stress. Thus, an animal which is success-
fully adapting to prolonged exposure to cold may be quickly killed by
what would ordinarily be a harmless injection of another agent . . .

The concept of crossed resistance could be tested by studying the effects
of psychological stress on an organism already adapting to another type of
stress such as nutritional deficiency. Precipating, incidents described by
psychiatrists are stressful events for the patient, but they seem to exert
psychopathological effects all out of proportion to their intrinsic impor-
tance.

Wolff similarly is more concerned with exploring the con-
sequences of stress than specifying in detail the agents or
the conditions producing stress. However, he makes a
general statement about the social context in which psycho-
logical variables are capable of producing stress. He men-
tions: («) disruptions of customs and habits; (5) disruption
in familial and social structures; (c) deprivation of basic
human needs; and. ( d) failure to fulfill human proclivities.
He also says “in a rapidly changing culture anxiety resolv-
ing systems break down before culturally engendered
anxieties become attenuated .... An older and more
table culture is more likely to produce methods for dealing

with accumulated tensions, dissatisfactions and conflicts.”
For Wolff the intensity of the stressor is relative; that is,

it varies with the organisms’ perceptions, expectations and
orientations.

The stress accruing from a situation is based in large part on the way
the affected subject perceives it; perception depends on a multiplicity of
factors, including the genetic equipment, basic individual needs and long-
ings, earlier conditioning influences, and a host of life experiences and cul-
tural pressures. . . . The common denominator of stress disorders is a
reaction to circumstances of threatening significance to the organism.
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In his work on hypertension Wolff does not dwell on the
precise nature of the psychological stimuli involved, but
does postulate these physiological dynamics as specific to
the disorder:

2. A slight initial peripheral vasodilation followed by a general vasocon-
striction.

He also observes that especially among hypertensives
clotting time and relative viscosity of the blood roughly
parallels the changes in the arterial pressure. During
periods of tranquility and violent exercise, or the frank
expression of hostility", the blood pressure is lower; inversely,
during periods of repressed hostility and tension, the blood
pressure is higher. The viscosity is increased and the clot-
ting time shortened.

Both Selye and Wolff have pioneered in identifying and
describing the manifold organismic processes ensuing in re-
sponse to stressors. Both speak of “phases” through which
the organism moves in coping with the precipitating stimu-
lus. Margolin has given a very clear statement of the two
phases (paralleling Selye’s three phases and Wolff’s two
phases) which characterize psychosomatic disturbances.

The first is functional and consists of reversible disproportionate or in-
appropriate motor, secretory and vascular responses in an organ or its
constituent tissues; e.g., hyperfunction, hypofunction, perversion of func-
tion and synchrony or asynchrony. . . . The second phase is the estab-
lishment of fixed tissue changes which may be reversible in the sense of the
body economy but which invariably leaves an altered tissue state ....

Further, there are presented in the literature several
theories derived from diverse depth-psychological formula-
tions on the relationships between body function and psychic
processes. These models are limited to a descriptive pres-
entation of the postulated body-mind organization processes
in terms of their specific physiological concomitant expres-
sion. Schur’s framework is an illustration.

1. An increase in the cardiac output.

3. An actual renal vasoconstriction.
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He writes
If we visualize the total personality as a hemisphere and depict it in the

form of a semicircle, the voluntary functions and conscious thinking are
represented at the circumference with the “vegetative” processes and the
unconscious thinking toward the center. The conscious processes are in
control of the voluntary motor functions, but have no direct influence on
the vegetative functions. In psychoanalytic terms, the conscious think-
ing is a function of the conscious part of the ego, which also controls the
locomotor system. The bulk of the unconscious processes belong to
the ID. More toward the center, the vegetative function of the organism
and the unconscious process, in analytic terminology also called the pri-
mary process, constitute a unit called the “core” of the total personality,
because we assume the connection here to be closest. In the ideal center
primary function and process would be fused together. . . .

Schur postulates that psychosomatic disturbances are
rooted in the earliest phases of development, where emotion,
thinking and somatic expression are still much closer to
what he described as the “core” of personality.

As can be noted by reviewing the formulations presented,
each system is strong in spelling out a limited number of
links in what might be considered the total psychosomatic
process. The locus of attention is either directed more to
the psychological or more to the physiological side of the
continuum.

We now move to a discussion of two theoretical positions
which spell out another set of variables, so that they present
a kind of social-psychological-physiological chain. These
formulations are deficient in precision and in specification
of mechanisms, but they are interesting because they place
psychosomatic disease primarily into the context of inter-
personal and social-structural factors.

Halliday advances a seven-point formula for “psycho-
somatic affections”:

1. Emotion as precipitating factor examination of patients in series
shows that in a high proportion of cases the bodily process emerged, or
recurred, in meeting an emotionally upsetting event.

2. Personality type a particular type of personality tends to be as-
sociated with each particular affection.

3. Sex ratio a marked disproportion in sex incidence is a finding in
many, perhaps most, of these disorders.

4. Association with other psychosomatic affections different psycho-
somatic affections may appear in the same individualsimultaneously, but
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the more usual phenomenon as revealed in their natural history, is that
of the alternation or of the sequence of different affections.

5. Family history a significantly high proportion of cases gives a
history of the same or of an associated disorder in parents, relatives and
siblings.

6. Phasic manifestations the course of the illness tends to be phasic
with periods of crudescence, intermission and recurrence.

7. The prevalence is related to changes in the communal environment
considered psychologically and socially the incidence of a psycho-
somatic affection in a community rises and falls in response to the changes
of social environment; that is, to changes of environment regarded in its
psychological rather than its physical aspects.

The characteristics of psychosomatic disorders listed by
Halliday are of interest, but unfortunately he fails to inte-
grate his ideas into any coherent framework. He considers
the “deterioration of child-parent relationships as most sig-
nificant for the development of chronic recurrent illness in
which psychological factors are important.” At another
point he advances the view that the birth rate is inversely
related to the incidence of psychosomatic illness. Both of
these postulates are never clearly linked to the listed char-
acteristics of psychosomatic disorder. For example, there
is no attempt made to spell out how the variable of family
size interacts with the disproportion of sex incidence postu-
lated for psychosomatic disorders, and how specific per-
sonality types relate both to family size or disproportionate
sex incidence. The postulate or phasic manifestation is pre-
sented without elaborating the organismic mechanisms
which are operative.

For hypertension Halliday lists five areas of his seven-
point paradigm:

1. Emotion mental stress, excitement and upsets are important
2. Personality these patients reveal a deep-seated conflict related to

anxiety. . .
.

Sex two to three times commoner in female
4. Associated affections migraine, hyperthyroidism, peptic ulcer.

Family history about twice as great in cases as in control.

Some of the above relationships may be inaccurate (e.c
the sex ratios). However, it is not such factual weaknt
which seems crucial here, but rather the atomistic approach
within a commitment to a multiple approach.
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Juergen Ruesch’s model derived from communication
theory is also oriented toward interpersonal and social fac-
tors. As the initial links, he outlines the following steps in
psychosomatic disorders

1. There is unsatisfactory self-expression in interpersonal relations in
one or more areas of personality.

2. Perception processes related to social events are distorted by pre
ponderance of proprioceptive systems.

3. Perceptive messages are interpreted as coercive
4. Value judgments are based on inner actions.
6. There is lack of integration and goal.
6. There is poor observation of action in others with little self-cor-

rective process.
7. There is more dependence on others than exchange of information

and co-operative interaction.
8. The weight of information comes from chemical and mechanical sense

organs and little from mature visual and auditory senses.
9. Bodily signs are more important than symbolism
10. The delineation of psychological-physiological boundaries is in

Dinplete.

11. There is magical identity of self with others, and there are no cor-
rective measures.

To specify the system: In cases where there is absence
of consistency in love, reward or punishment, the child may
attempt to control its frustration rather than master its
environment. The symbolic self-expression suffers, and the
organs are used for communication. As Grinker says: “The
child gets stuck in an immature state of dealing with tension
rather than with symbolic systems.” The development of
the psychosomatic disorder is thus related to failure at com-
munication in verbal or motor terms.

The foregoing presentation does not purport to cover all
the formulations extant currently in psychosomatic research.
Further, the discussion of the theories which were selected
has in no case done justice to all the implications of the work
drawn upon.

However, it was not our intention to draw an exhaustive
picture. Rather, our objective was to illustrate the variety
of formulations developed, the diversity of premises and
conclusions, and the lack of consensus existing in psycho-
somatic research today. We have tried to indicate, to some
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extent, the manner in which specific views on hypertension
relate to the more comprehensive theories. Sections II and
111 of this report are specifically concerned with spelling out
the hypotheses on psychological factors and hypertension.
The material presented here to some extent thus overlaps
these sections.

We have previously commented on some of the theories
as we described them, omitting discussion on others where
we felt that an assessment could more profitably be made
by a specialist working in the particular area involved (e.g.,
endocrinology).

Before, however, turning to a different mode of analysis
of current research we should like to point briefly to one of
the major problems emerging from a consideration of the
psychosomatic conceptualizations.

This problem lies in diverse specifications of direction of
and relations between variables, or, simply, it lies in the types
of causation conceived. To illustrate this diversity we shall
simplify the theoretical positions taken as well as combine
those conceptually not far apart.

Type I. Every Link is Necessary in the Chain.

Several theories postulate that an initial factor A (such
as inherited tendency toward autonomic or vascular in-
stability) will in the presence of variable B (a personality
conflict revolving around expression of hostility) lead to C
(excessive stimulation of the sympathetic nervous system),
and the ultimate outcome will be D (some kind of smooth
muscle spasm).

The type of factors involved may be different in the in-
dividual theories, and the chains may be formulated as
containing a varying number of links, but the theories meet
in specifying a linear relationship moving in one direction
where every link in the chain is necessary in the evolution
of the psychosomatic disorder.

Types of Causation.
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Links are InterchangeableTime 11. The Initial
Type II

In this conceptualization the initial stimulus isjiot specific,
and any number of stimuli can produce state L and its con-
sequences Y (psychosomatic disorder). The interchange-
able factors A, B, C, D may be genetic disposition, situational
trauma, drugs or presence of
specification of the order of
Selye and Wolff, for example, co
interchangeable with a host of

anxiety, etc. There is no
these initial constellations,
nsider psychological stressors
other physical, chemical or

micro-organismic stressors. Ruble’s recent paper on the
non-specificity of personality conflict in the production of
neurotic and psychosomatic symptoms advances a scheme
such as the above. Node L again represents some endocrine
or nervous system process and Y the psychosomatic outcome.

Sometimes there is an additional interchangeability of out
comes postulated.
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In the diagram the endocrine disequilibrium L does not
necessitate the development of disorder Y, but may result
in disorder X or Z as well. The theory of alteration of
psychosomatic disorders as advanced by Halliday fits here.
There are some investigators who have noted an alteration
between the disorder of hypertension, hyperthyroidism and
peptic ulcer.

Type 111. Some of the Intermediary Links are Inter-
changeable.

The above, or variations of the above schematization
represents another set of conceptualizations. In these con-
ceptualizations there is agreement on the initial, or rather
the necessary, condition without which the processes de-
scribed could not be set in motion. Frequently a genetic
factor appears as A. A may, however, also be a group or
cultural variable. If Ais postulated as a genetic factor, then
the occurrence of D (over-stimulation of neuro-endocrine
system) may be mediated either through B (parental re-
jection, neglect, etc.) or through C (traumatic adult ex-
periences). The occurrence of D then produces E (hyper-
tension).

Interchangeable Links.Type IV. Multiple
Some theories have been explicit in spelling out two or

more subsystems in which psychological configurations or
physiological processes are interchangeable.
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The relationships involved may be diagrammatically rep-
resented, as follows;

In this view variable A may be a psychological configura-
tion or characteristic, variable B a specific endocrinological
process, and variable C the presence of a psychosomatic
disorder. The direction of causation here is not specified,
but it is speculated that a circular reinforcement occurs. In
other words, the psychological configuration may “cause”
this endocrinological disequilibrium, and subsequently the
disorder or the endocrinological disequilibrium may “cause”

Pituitary • adrenal
Cartas - glands

Slfaotlonal

Type V. Circular Causation

sir***
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both the psychological configuration as well as the psycho-
somatic disorder. In addition it is conceived that it is the
presence of the disorder which “causes” both the endo-
crinological disequilibrium as well as a specific psychological
configuration.

The foregoing schematizations may have helped the
reader to recognize the horrendous task of clarification which
still awaits psychosomatic research. Any experimental
design which implicitly accepts one of the types outlined
before runs serious risks. Therefore, it is important to
work with a design which does not prejudge the direction
of the relationships which may be involved.

Selected Original Hypotheses.

Section II reviews the hypotheses, stating the relation-
ships of specific psychological variables to hypertension.
In stating the psychiatric and psychological work in the
form of specific hypotheses we do some violence to the man-
ner in which the variables were first presented. Moreover,
listing all the descriptive phases occurring in psychiatric
case histories of hypertensive individuals will obscure the
fact that certain of these refer to more basic configurations
than others. We shall attempt to reflect the relatedness of
the variables involved in Section 111, which is devoted to a
description of the manner in which these variables may be
related.

Hypertensive individuals have the following childhood ex-
periences or exhibit the following behavior patterns in
childhood:

I. Hypotheses on the Role of Early Inter-Personal Experience.

Section 11.

a) They are generally deprived of adequate parental love and affection
(b) They suffer from feelings of (1) helplessness and (2) weakness

against any kind of internal or external danger, and in turn develop states
of (3) fear and (4) anxiety not uncommonly manifested in the form of
(5) nightmares, (6) temper tantrums, and (7) nailbiting.

(c) They fear injury as a result of parental domination.
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( d ) They try to establish a binding attachment to their parents.
(e) They deal with parental aggression by (1) appeasement and

(2) ingratiation.
(/) They exhibit emotional insecurity
(.g ) They show (1) ambivalence toward father, are (2) passive though

often hostile and fearful toward mother.
attitudes toward a dominating parent
isive attitude to a dominating con-

(h) Their masochiotic-submissive
leads toward a masochistic-submi;
science.

mtbursts in childhood, mastered later( i) There is a history of temper
by conscious inhibition of rage.

(j) They manifest a low percentage of early neurotic traits.

The following kinds of conflict are exhibited by hyper-
tensive individuals;

(a) They alternate between a tendency to seek satisfaction within
themselves and devotion to long-range goals.

(6) They always strive to find that which was denied them in child-
hood, adequate parental affection, and the least deprivation of any kind
makes them anxious and hostile.

sive dependent, feminine, receptive
competitive, aggressive, hostile im-
ses a flight from competitive towards

(c) A conflict exists between pa
tendencies and over compensatory,
pulses which leads to fear and increa
the passive, dependent attitude.

(.d ) They can neither freely accept their passive dependent attitudes
nor freely express their hostile impulses.

(e) The submissiveness of HP’s is not conscious, and bitter hostility
opposes its becoming conscious.

(/) They submit but stifle intense hostility which is near to con-
sciousness.

(g) The native trend toward impulsivity is high. However, the trans-
lation of impulse into action is suppressed.

(h) They present a surface personality characterised by a considerable
This is sometimes riddled by emo-

a tendency toward irritability, humor
degree of self-control and reserve
tional reactivity and warmth and
or sentiment.

iful, unsatisfied rebellion and hostility
same sex, and parent substitutes its

(i) There is a chronic, unsuccef
against submission to parent of
adulthood.

(j) The rebellion or hostility are conscious or near to consciousness,
but not expressed directly because of fear of loss of love.

(k) They experience rage at not getting the desired oral gratification
(during psychotherapy).

11. Hypotheses regarding Nature of Psychological Conflict.
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(0 The primitive content of basic impulses often penetrates conscious-
ness relatively little modified by the usual socializing restraints of per-
sonality.

(m) There is great reliance on e iscious control of emotion.
(n) Multiple anxiety symptoms

sives relate to the threatened bre
jects who cannot tolerate the los
verbal and muscular violence.

commonly encountered in hyperten-
k out of aggressive impulses in sub-

if love that follows in the wake of

111. The Role of Traumatic ( Stressor) Experience
1 he following experiences are related to the onset or pres-

ence of hypertension:

(а) Illness or death of relative.
(б) Surgery, illness of individual
(c) Changes in the individual’s life, such as separation from parent,

marriage, loss of a job, loss of savings.
(d) Set-back in the field of individual’s ambition
(e) Any traumatic life experience, the symbolic content of which

spells a patterned form of danger.
/) A severe threat to the individual’s personal security

(;g ) Current domination by (1) a parent, (2) sibling, (3) employer
(4) marital partner on whom the patient is dependent.

(h) Alarm and resentment over being deserted by a supporting figure
through (1) death, (2) infidelity, (3) remarriage, (4) threat of suicide,
(5) rejection in a will.

(i) Pregnancy representing a resented tie and subjection to a dom
mating husband.

0) The following threatening circumstances may produce “transient”
hypertension:

(1) Natural disasters (Texas City)
(2) Bombardment (Tobruk).

IV. Hypotheses about Specific Personality Characteristics
The following personality characteristics and attitudes oc

cur in hypertensive individuals:
a) Strong introversive tendencies, an emphasis upon inner values of

creative thought and imagination.

(b) Obsessive compulsiveness, perfectionism
(c) Subnormal assertiveness.
( d) Quick temperednesi
(e) Sensitivity.
(/) Shyne
(g) Senousnes,
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( h ) Embarrassment.
(i) Worrying about trivialities.
(j) Ambitiousness, striving for success.
(k ) Self-critical attitudes; not satisfied with efforts or performance.
(l) Conscientiousness, devotion to duty.
(m) Tendency to be crushed by failure.
(n) Timidity.
(o) Emotional detachment, restriction of social contact,
{p) Tendency to depression.
(?) Prone to anxiety states.
(r) Preoccupation with thought of illness and death.

V. Hypotheses about Some Selected Areas of Behavior
Hypertensives follow these patterns in their social rela-

tionships :

(a) In their sexual relationships they manifest a (1) secret and often
compulsive promiscuity, and (2) they are insecure and frequently impo-
tent or frigid.

(6) With spouse they attempt to be boss and “carry the burden,”
combined with demand for care and attention.

(c) A prominent feature is the excessive fear of heterosexuality (which
is engaged in despite the ensuing anxiety).

(.d ) They are usually well liked, and respected by their friends and
associates.

(e) They rarely confide in others.
(/) They usually leave little or any time for recreation
(?) In their social relationships hypertensive patients are (1) shy,

sensitive and fearful of not making the grade. (2) Use of wine, women and
song to compensate. (3) Urge to fit the conventional pattern. (4) Lack
of emotional adaptability in intimate relationships.

( h ) There is considerable disturbance of sexual functioning, frigidity
in women and premature ejaculation or impotence in the male.

(i) In marital relationships they attempt to gain the security they
were deprived of in childhood. Frequently, marriage is entered upon
death of parent.

VI. Hypotheses about Perceptual and Expressive Character-
istics of Hypertensive Individuals.

The following perceptual tendencies characterize hyper-
tensive individuals:

(a) They tend to see the axial part of the Rorschach ink blot as an
opening.
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(b) They tend to see anatomical structures, ritualistic objects, water
and fire in the Rorschach ink blots.

(c) They tend to see cows, sheep and beasts of prey in Rorschach cards.
(d) They tend to draw the human figure devoid of elaboration of body

ar clothing detail.
(e) The area of the body in which reinforcements or erasures occur are

the shoulders.
(/) Drawings give evidence of insecurity (omission of feet or extremely

narrow feet in drawing).

(a) Essential hypertension develops when circumscribed neurotic symp-
toms which serve for the draining of pent-up hostile impulses are absent.

(6) Expressions of characteristic conflict which contra-indicate devel-
opment of hypertensive:

(1) Shunning submissive situation;
(2) Acceptance of submissiveness.
(3) Expressing rebellion to submissiveness in organized neuroses,
(4) Expression of rebellion in life.
(5) Finding outlet in social activity.
(c) As patients with hypertension lose their symptoms they are likely

to show increased nervousness and jerkiness.

The classification of hypotheses used above was intended
to give a clearer overview of the variables postulated as in-
volved. Considerable overlapping in content could not be
avoided. Conceptually, it is not feasible to distinctly sep-
arate the kinds of variables selected. It may be a conven-
tion to speak of personality attributes as distinct from
psychological conflicts as distinct from patterns of inter-
personal behavior. In reality we are tapping different as-
pects of the same processes.

Models of Interrelations between Psychological
Variables.

We have previously remarked that an organization of the
psychological and psychiatric work into distinct, atomistic
hypotheses does not in many cases do justice to the com-

VII. Hypotheses about the Relation of Hypertensive “Con-
flict Solution” to Other “Solutions” ,

Section 111
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plexity of the formulations extent. While there is some
work which is limited as to a specification of the operation
of single variables in the initiation or sustenance of hyper-
tension, most of the depth psychological research specifies
sets of interrelationships both at one point in time and
through time which are instrumental in producing the hyper-
tensive disorder. Without reviewing the whole of personality
theory, we shall attempt to describe some of the kinds of
interrelations postulated. The introduction of the process
dimension is necessary in illustrating the difficulties en-
tailed by testing single hypotheses only.

In the first model the psychological chain reaction is set
up by a “pyramiding” series of specific shock reactions in
the personality. These reactions represent responses to ex-
periences of danger which usually specify a fusion of real
and symbolic threat. Under the impact of such danger, the
“mechanisms of control of emotion are acutely over-
whelmed.” The components of this state are acute anxiety,
depression and hypochrondriacal reactions. At the same
time, auxiliary defenses are mobilized, such as avoidance
or psychic denial of danger situations as well as emotional
withdrawal and flight into phantasy. It is postulated that
in this crisis the defence mechanisms prove inadequate.
There is a simultaneous failure to relieve the “pent-up emo-
tion” motionally through the voluntary muscle system.
This is associated with a hyperstimulation of the sympa-
thetic-parasympathetic system. The possible physiological
mechanisms then leading to hypertension are not spelled
out, but it is taken for granted that they occur.

The second model is more complex than the first one. It
combines several depths psychological views on the per-
sonality development of individuals who may become sub-
ject to hypertension. We can observe clearly how the cate-
gories of hypothesis classification advanced in Section II
do not reflect distinct areas of behavior or observation.
We note, for example, the relationship of personality con-
flict to psychological characteristics on the one hand and to
physiological mechanisms on the other. We are thus able
to identify which aspect of the picture a specific hypothesis
is referring to.





216 [MayNo. 3050.HOUSE

Model 2



1956.] No. 3050,HOUSI 217

If we spell out verbally the processes pinpointed by the
diagram we may arrive at a statement such as this: Indi-
viduals rejected by their parents, or deprived of adequate
parental love and affection will (1) tend to suffer from feel-
ings of weakness and helplessness, (2) develop hostile, ag-
gressive feelings towards their parents, while (3) fearing loss
of love. In order to relieve their anxiety (engendered by
the above) and to establish some feelings of security these
individuals will on the one hand tend to suppress their
hostile feelings and on the other try to establish a dependent
attachment to one or both of their parents. They become
obedient and submissive, trying to deal with parental au-
thority “through appeasement and ingratiation.” While
the submissiveness leads to characteristics of compulsive-
ness, conservativeness, etc., the suppression of hostility
leads to a state of chronic rage. Due to the notion of the
conflict, this rage cannot be overtly expressed, and is inter-
nalized through mechanisms outlined in Section I of this
paper. The end result is a chronic elevation of the blood
pressure

The diagram also includes “solutions” for the conflict
which are postulated as terminating the processes begun.

The third, and last model to be presented here illustrates
approaches which relate the impact of social factors to the
nature of individual psychological conflicts. The point of
departure here lies in the conflicting role pressures to which
the individual is subjected. In our culture “the mature in-
dividual is confronted with complex problems of maintain-
ing his and his family’s physical existence, his social position
and prestige. All these tasks unavoidably involve hostile
competitive feelings, and create fears. . . . Those who
through constitution or early life experience have a greater
amount of inhibitions will handle their aggressions less
efficiently than others and will tend to repress them.” At
the same time cultural and subcultural ethics may rein-
force the inhibition of aggressive impulses for some indi-
viduals, and these impulses accumulate and increase in in-
tensity.

The overstimulation of the sympathetic and parasym
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pathetic nervous system, triggered either directly through
cortical or indirectly through endocrine channels, may first
lead to a greater than normal degree of fluctuations and fre-
quent transient elevations of the blood pressure.

“The psychological tensions (thus) serve as a constant
vasomotor stimulus and lead to a functional overtaxation
of the circulatory system, which, lasting over a long period,
may result in vascular changes, possibly, in the first place,
in the renal vessels. ...”

Our purpose in presenting the foregoing models has been
to add the dimension of variable interrelatedness to our
review. We have not tried to schematize all possible kinds
of interrelations assumed, but simply to point to some of
the major approaches.

.Methodological Considerations,

4. The Variable
As can be observed by a review of the previous material,

investigators vary greatly in the choice of variables with
which they operate. The descriptive and analytic ter-
minology is drawn from diverse universes of discourse, and
it thus becomes difficult to identify the common locus of
reference. In one type of research the variables used are
descriptive adjectives or nouns used in their non-specific,
popular meaning. Here, the personality of the hypertensive
patient may be described as “serious” or “sensitive” or
“shy.” No definition of these dimensions is supplied. The
researcher operates with the implicit premise that the mean-
ing of these dimensions is clear, as well as shared by scientist
and layman alike. This premise is clear in the manner in
which the research is carried out. In one research effort
the subjects were queried whether they considered them-
selves more sensitive, shy, etc., than the majority of in-
dividuals whom they know. Conclusions as to
sensitivity, shyness, etc., are drawn from the responses to
the above query. It is obviously difficult to assess findings

Section IV.
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derived from research operating with variables such as
these. We do not know what areas of behavior or per-
sonality are subsumed by the term “sensitivity,” as under-
stood by the investigator or as understood by the subject

We are unwilling to accept the premise that the subject
can assess himself in terms of a dimension which has not
been spelled out, and we might be hesitant to accept a self
evaluation in terms of an over-all appraisal

Fortunately, variables employed in most current research
are not of the kind discussed above. In the main, variables
employed are drawn from specific theoretical frameworks.
Variables such as “Submissiveness,” “Repression of hos-
tility,” “Anxiety,” etc., are derived from theoretical frame-
works extant in psychiatry and psychology. To the extent,
however, that these frameworks differ, similar personality
processes may be referred to by different variables. At the
same time only rarely do researchers in this area specify
the observations; that is, the raw behavioral datum winch
is described by the variable. For example, the statement
that a given individual is submissive must be based (1) on a
description and definition of submission, (2) a specification
of behavior which represents an indicator of submissive
ness, and (3) an observation of such behavior in the in
dividual.

\ few recent studies have moved toward such operationali-
zation of the variables involved, but still have not fully
ucceeded. For example, in one study the dimension of
‘subnormal assertiveness” is described along the following

continuum.

Subnormal Assertiveness.
1. Regularly expresses Ms views, differences and dislikes in nearly all

interpersonal relations occasional antagonism provoked by him.
2. Shows appropriate assertiveness regularly in at least one major area

of interpersonal relation (family, work, school, church, etc.), but as a
rule in most other areas experiences impulses to differ, to be hostile, with-
out appropriate overt activity; can easily verbalize the felt resentment,
anger or disappointment at such times.

3. Rarely shows overt assertiveness; when he does, experiences dis-
tress (anxiety, guilt), tends to overshoot the mark, and subsequently
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withdraws to habitual patterns or for a time becomes excessively in
gratiating, submissive, apologetic.

4. Has hardly ever shown assertiveness since childhood, is aware of
feelings of anger or hostility, but has difficulty verbalizing these events to
physician.

5. Practically never shows overt assertiveness, denies any awareness
of hostile feelings or attitudes, but makes excuses for persons who misuse
him (as authority figures).

The above scale has been used reportedly with good
reliability in one recent study. In surveying the behaviors
used as indicators of assertiveness or lack of it we note that
some are directly observable at one point in time, while
others would require continuing observation over a period
of time in a variety of contexts. In the study referred to
most of the subjects were seen only twice by the psychiatrists.
(Case history data were used as supplementary information
for the rating.)

Any comprehensive study of psychological variables and
hypertension would have to undertake detailed definition
and specification of the variables to be measured to assure
that comparable behavior is being assessed.

A further difficulty with current personality descriptions
is the lack of clarifying statements as to the level to which
they refer. Conceiving of this in terms of our diagrams in
Section 111, it is difficult to locate areas of the diagram to
which the descriptions refer. Kubie recently put it this way:

I am never quite clear when they are talking about conscious, pre-
conscious, or unconscious personality trends, life, stresses and conflicts.
Nor is it always possible to know whether they are talking about primary
trends in an hypothetical personality type, or those which are over-com-
pensatory defences. Thus when they talk about dependency needs, I
cannot be sure whether they are thinking of dependency as a reaction
formation against a primary unconscious aggressivity, or of aggressivity
as the reaction formation, with dependency as the primary need. This is
a type of obscurity in clinical descriptions which has made it difficult to
check their correlation.

B. Cc trol

Psychological variables are usually viewed as continuous.
Emotions such as anger, hostility, fear, anxiety, dependence,
assertiveness, etc., can be located in every human being.
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the emotion or characteristic,
the personality picture. It is

The extent and intensity of
however, significantly alters
the extent and intensity of
permits the characterization
“healthy,” not the mere pm

anxiety, for example, which
of an individual as “sick” or
;ence of anxiety. Research on

psychological factors in hypertension, therefore, proceeds
on a comparative basis. To establish the significance of
pecific psychological variables in the personality of the

patient suffering from hypertension, it is necessary to
compare the function of these variables in the personality
of individuals suffering from hypertension with actual or
imaginary control groups.

The following control groups have been used
1. Psychoneurotic patients without somatic symptoms.
2. Patients suffering from illnesses in which no psycho-

logical component is suspected
3. Patients exhibiting other so-called “psychosomatic

disorders,” such as ulcerative colitis, peptic ulcer, hyper
thyroidism, rheumatoid arthritis, etc.

4. The imaginary control group of “normals” (that is,
individuals free of physical and mental disorder). Research
reports contain statements such as: “unusual amount of
anxiety,” “great deal of promiscuity,” “high physical
activity,” etc. Thus, they reflect a comparison with imagi-
nary control groups in the mind of the researcher.

An interesting comment on the use of control groups in
the study of neurotic patients has recently been made.
Since this statement is equally applicable to the study of the
so-called psychosomatic disorders we quote from it at this
point: “

. . . in ordinary laboratory investigations we
attempt to compare the results of a standard experimental
procedure on subjects who vary in some one characteristic
at a time. Personality variations are so numerous, however,
that this can never be achieved in psychological studies on
human beings

.... Furthermore, controls in the study
of anything as universal as the neurotic process cannot be
made by contrasting so-called “normal” individuals with
“sick” individuals. Since the neurotic process is inherent
in the symbolic processes which make language possible, it
is an autonomic by-product of human growth and develop-
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meat. Consequent!y, we deal not with “normal” individu-
als as apart from “sick,” but with individuals who have
both “normal” and “neurotic” components. These specific
component elements of the personality must be studied
from the individual to the next in their social settings.
Therefore, in studies such as these, the use of matched pairs
is of little value, and the technique of control is correspond-
ingly complex. It requires, rather, the use of statistically
adequate random samples, each unit of which must be
studied in sufficient detail to make it possible to compare
the individual units with respect to many traits instead of
one . . .

.”

C. Size of Population Groups Studied.
The size of the population studied varies inversely with

the intensity with which it is studied. Thus, individual
psychotherapists have reported the study of a small number
of cases only. Some of the most comprehensive descriptions
have come from reports based on from one to five cases.
Samples studied through examination of case histories, brief
interviews, ratings or questionnaires are larger. Binger and
his associates studied 24 cases; Gressal et al. studied 50
cases; Tucker studied 100 cases; Ayman, 95 cases. Brust
based his conclusions on 230 cases and Dunbar examined
case records of about 1,300 patients with cardiovascular dis-
orders. Of course, the study of a large number of cases holds
as many methodological pitfalls as the study of one case.
Studies involving a substantial number of cases enable the
researcher to minimize bias. The more varied the composi-
tion of his sample, the more certain can the researcher be
that the psychological picture obtained relates to the pres-
ence of hypertension rather than to another characteristic
of the population studied.

D. Selected Methodological Problems.
Let us briefly recapitulate some of the major method-

ological difficulties inherent in current research which we
have discussed previously:

(1) Diverse Chains of Causation. Theorists differ widely
in the manner in which psychological, physiological, genetic,
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etc., variables are integrated. The directions and route of
processes leading to the development of hypertension are
outlined in many and contradictory ways.

(2) The Interrelatedness of Psychological Variables. —-In
contrast to some of the variables employed in the physical
sciences, psychological variables do not constitute distinct
entities. Rather, psychological variables refer to aspects of
dynamic processes which are interrelated longitudinally as
well as cross-sectionally. Though for purposes of study
these variables must be examined by themselves, their inter-
dependence must not be lost sight of. The premise of inter-
dependence in turn can be carried to an extreme, and lead to
the fallacy that for the understanding of one dimension, a
consideration of all other psychological dimensions is per-
tinent. It is this latter fallacy which underlies many psy-
chiatric case histories which attempt to relate all past inter-
personal experience, psychological conflicts or characteristics,
as well as the vicissitudes of psychosexual development to
some current configuration under examination. Research
on psychological factors in hypertension must avoid the
Scylla of atomism and the Charybdis of total interde-
pendence.

(3) The Variables Used. One of the most serious prob-
lems presented by current research lies in the types of vari-
ables being manipulated. Most of the variables being-
employed have not been defined sufficiently in order to be
amenable to quantitative assessment. It was recently stated
that we cannot as yet “reliably rate anxiety, emotional re-
sources, acceptance or rejection. The best clinicians are
known to base their judgments or clinical cues, unverbal-
ized hunches, highly selective perceptions, on partial and
incomplete information.” However, measurement pro-
cedures can be developed if the behavioral areas subsumed
by the variables ax-e clearly specified.

Some of the other methodological points covered relate
to the types of control groups used, and the size of popu-
lation groups studied.
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Elsewhere we have presented a detailed proposal for re-
search on the significance of psychological variables in the
development and sustenance of hypertension. We shall
not restate all this at this time, but rather mention those
parts of the proposal which indicate how this proposed re-
search will avoid some of the methodological shortcomings
discussed in this section.

Re-analysis of the Variables. We have pointed out that
the difficulty with existing hypotheses partially derives from
the type of variables manipulated. Our objective will be
to clarify these variables, and thus make them accessible to
measurement. This will be accomplished through:

(1) Interviews with researchers operating with these vari-
ables, requesting them to describe the observable behavior
of individuals which are referred to by the variable. For
example, selected psychotherapists and psychiatrists will be
asked to specify the observations from which they infer that
hypertensives are dependent, repress hostility and anger, do
not assert themselves, manifest obsessive-compulsive ten-
dencies, etc. The level of description which is acceptable
is one which characterizes behavior in units which can be
rated continuously and reliably. For example, we may be
told that dependency is inferred from the number of times
an individual initiates interaction with his business asso-
ciates, friends and physician for the purpose of obtaining
specific help. “Initiation of Interaction” would be on a
level operationally acceptable. The work of Bales has shown
that on this level observers can operate reliably, and the
observed material can be quantified.

(2) The “scriptures” of psychiatry and psychology will
be similarly examined for the indicator areas of hostility,
dependency, etc.

The objective of these interviews and examinations will
be to spell out the behavioral content covered by the vari-
ables used.

The results of phase (2) will provide usable indicators of
the variables contained in the formulated hypotheses.

E. Proposals for Future Research.
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Development of Procedures of Measurements. The task
envisioned here is to develop the techniques suitable for
testing those variables redefined above. In the main this
will involve two tasks, one, the review of existing personality
tests and inventories with the purpose of isolating those
categories which correspond to the variables identified as
significant. Two, the construction of interview schedules,
behavioral inventories, and scales which will quantitatively
assess the presence or absence in an individual of the social
and psychological characteristics assumed to be related to
the hypertensive disorder.

For example, one hypothesis concerning the relationship
between hypertension and personality claims that hyper-
tensives exert considerable impulse control, whether the im-
pulse be hostile, aggressive or sexual. In this case, the ob-
jective here would be to develop an instrument which would
permit us to measure the particular kind of impulse control
described in the hypotheses as being related to hypertension.

Testing and Validation of the Instruments Developed.
The tests and inventories developed would then be admin-
istered to a population group containing hypertensive and
non-hypertensive individuals. Each subject would be inter-
viewed by a psychiatrist or clinical psychologist, and rated
by him along all of the dimensions referred to in the hypothe-
ses. This procedure would enable us to answer the follow-
ing questions:

1. What is the relative correlation between the tests, in-
ventories and the judgments of the psychiatrist? On what
dimensions is there agreement and on what dimensions is
there disagreement?

2. Which of the factors measured are more closely re-
lated to the presence of hypertension than others?

The validity of the instruments and the hypotheses un-
derlying them will be determined, in part, by the degree to
which they provide the same results as the psychiatrists’
independent rating, and in part, by their ability" to discrim-
inate between the hypertensive and non-hypertensive sub-
ject. From an analysis of the above data, we shall be in a
position to evaluate the adequacy of the tests, or specific
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items or parts thereof, and, where necessary, to reformulate
the instruments for use with a larger sample.

Assessment and Refinement of the Hypotheses. The in-
struments developed and assessed above would then be ad-
ministered to a heterogeneous population group. We would
seek to select a community in which the sociological con-
ditions assumed to be related to the development of par-
ticular psychological characteristics and in turn, to hyper-
tension, exist. In the selection of the sample itself, we
would insure that sufficient cases are included so that sig-
nificant comparisons can be made between the major socio-
economic groups, both white and negro inhabitants, and
different age groups. The exact nature of the sample will
not be decided upon, however, until the preliminary work
outlined in phases (1) to (4) has been completed. It is ex-
pected, however, that a minimum of 1,000 subjects would
be included in the study. Each of the subjects would be
given a medical examination for the purpose of placing them
along a continuum extending from clearly hypertensive to
clearly hypotensive.

The study described here attempts to anticipate the
methodological problems raised in relation to most of the
current research on hypertension. (1) It has allocated re-
sources to clarify the nature of the variables involved.
(2) It will attempt to translate hypotheses into a measur-
able framework, and test them in a multiple approach.
(3) The final phase contemplated will involve the examina-
tion of a sample large enough to permit relevant comparisons
and controls. (4) Through emphasizing current behavioral
datum the interrelation of psychological characteristics can
be explored on the same plane (factor analysis may be very
helpful here).

Finally, it should be admitted that this study will throw
only limited light upon the nature of the causal relation-
ships involved, especially the direction of the relationships
involved.

As has been pointed out in several memoranda of the
Hypertension Project, the nature of the causal mechanisms
can best be explored through a long-term study of the dis-
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order involving the collection of considerable data (medi-
cal, psychological, nutritional, social, etc.) on the same
people for a considerable period of time. The ideal study
here would follow up a group of subjects from early infancy
into late maturity. Practical considerations, of course,
make such an undertaking prohibitive. In its stead several
simultaneous long-term studies involving different age
groups are proposed.

Study I

0 0

0 years 20 years

Study II

0 0

20 years 40 years

Study 111

0 0

40 years 60 years

Limiting a longitudinal study to any one span of twenty
years might, despite a collection of comprehensive data, as
medical, constitutional, nutritional, psychological variables,
etc., fail to yield a definitive picture of the developmental
dynamics involved in the production of essential hyper-
tension. For example, a longitudinal study commencing
after the first years of life may no longer be able to focus
on the “determining” dimensions. For as it has recently
been said, “little is known about vegetative developmental
patterns and vascular physiology in the early phases of
life before verbal and controlled musculoskeletal pathways
are available for the expression or discharge of energies in-
duced by emotional stress. It seems possible that the physio-
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logic response may be chronologically appropriate to the
age at which the original unresolved conflict had its genesis.”

We, however, may not be able to implement such a gran-
diose scheme not duly in terms of the financial cost involved,
but also because of certain technical considerations. For
example, as the companion piece to this review points out,
we may not as yet have enough knowledge to adequately
measure vascular responsiveness, particularly the vascular
responsiveness of children.

Nevertheless, it is towards the planning of such a long-
term comprehensive study, or a series of such studies, that
some of our efforts should be directed.

Selected Bibliography

bibliography on psychological factors and hypertensionA •mpi

available

Ackerman, N. W.: “Character Structure in Hypertensive Persons” in
Life Stress and Bodily Disease, Association for Nervous and Mental
Disease. The Williams & Wilkins Company, Baltimore, 1950.

Alexander, F.: “Emotional Factors in Essential Hypertension.” Psycho-
som. Med. 1:173, 1939.

Alexander, F.: “Psychomatic Study of a Case of Essential Hyperten-
sion.” Psychom. Medicine. 1:139, 1939.

Alexander, F.: Psychomatic Medicine. W. W. Norton & Co., New York
1950.

Alexander and Sasy: Dynamic Psychiatry, ed. by Alexander & Ross, Uni-
versity of Chicago Press, 1952.

Altschule, M. D.: “Emotion and the Circulation” in Clinical Progress in
Herman L. Blumgart. Grime &Cardiac-Vascular Disease, ed. by

Stratton, New York, 1952.
Ayman, D.: “Personality Type of Patients

Hypertension.” Am. J. M. Sc. 186:213-223.
Patients with Arteriolar Essential

Bieber, L. and Tarachow, S.: “Autonomic Symptoms in Psychoneu-
rotics.” Psychomatic Medicine, Vol. 111, No. 3, July, 1941.

Binger, C. A. L., Ackerman, N. W., Cohn, A. E., Schroeder, H. A., and
Steele, J. M.: “Personality in Arterial Hypertension.” Psychosom.
Medicine, Monographs, No. 8, American Psychosomatic Society, 1945.

Binger, C.; “Psychogenic Influence as Initiating and Sustaining Factors
in Essential Hypertension in Man” in A Symposium on Essential Hyper-
tension. Commonwealth of Massachusetts, Boston, 1951.



HOUSE No. 3050. [May230

Booth, G.: “ Organ Function and Form Perception: Use of the Rorschach
Method with Cases of Chronic Arthritis, Parkinsoniam and Arterial
Hypertension.” Psychosom. Med. 8:367, 1946.

Bruce, J. M., and Thomas, C. B.: “A Method of Rating Certain Per-
sonality Factors as determined by the Rorschach Test for Use in a
Study of the Precursors of Hypertension and Coronary Artery Disease.”
The Psychiatric Quarterly Supplement 27, p. 2, 207-239, 1953.

Dennis, W., Ed.; Current Trends in the Relation ofPsychology to Medicine
University of Pittsburgh Press, 1950.

De Takats, G.: “The Phenomenon of Stress in Relation to Essential
Hypertension in Man” in A Symposium on Essential Hypertension.
Commonwealth of Massachusetts, Boston, 1951.

Dunbar, F.: “Character and Symptom Formation.” The Psychoanalytic
Quarterly, Vol. VIII, No. 1, 1939.

Dunbar, F.: Emotions and Bodily Changes. New York, Columbia Uni-
versity Press, 1947.

New York, Paul B. Hoeber, Inc.Dunbar, F.: Psychosomatic Diagnc
1943.

st

Gildea, E. F.: “Special Features
Certain Psychosomatic Disorder

Personality which are Common to
Psychosomatic Med. 11:273, 1949.

}f

Gold, L.: “Mental Characteristics Associated with ‘essential’ Hyper-
tension.” Psychiatric Quarterly, 17:364, 1943.

Gressel, G. C., Shobe, F. S., Sastow, C., Dubois, P. H., and Schroeder,
H. A.: “Personality Factors in Arterial Hypertension.” J. A. M. A.
140:265, 1949.

Grinker, Roy R.: Psychosomatic Research. W. Norton & Co., Inc., New
York, 1953.

Halliday, J. L.: Psychosocial Medicine. New York, W. W. Norton (
1948, p. 99.

Hambling, J.; “Psychosomatic Aspects of Arterial Hypertension.” The
British Journal of Medical Psychology, Vol. XXV, 1952, 39-47.

Harris, R. E., Sokolow, M., Carpenter, L. G., Freedman, M., and Hunt,
S. P.: “Response to Psychological Stress in Persons who are Potentially
Hypertensive.” Circulation, Vol. VII, June, 1953.

Hill, L. J.; “Psychoanalytic Observations on Essential Hypertension
Psychoanalytic Review, 22:60-64, 1935.

Houston, W. R.: “Psychic Factors in Essential Hypertension” in Diag-
nosis and Treatment of Cardiovascular Disease, 4th ed. Davis Davis
Co., Philadelphia, 1950.

Katz, L. N., and Leiter, L.; “Present Conception of ‘Essential’ Hyper-
tension.” Psychosom. Medicine, 1:139, 1939.

Kemple, C.; “Rorschach Method and Psychosomatic Diagnosis: Per-
sonality Traits of Patients with Rheumatic Disease, Hypertensive
Cardiovascular Disease, Coronary Occlusion and Fracture.” Psycho-
somatic Med. 7 ;85, 1945.

Lipkin, M.: “Psychosomatic Factors in Essential Hypertension.” Med.
Clin. N. America, 33:703-712, 1949.



HOUSE No. 3050.1956.] 231

Mead, M.: “The Concept of Culture and the Psychosomatic Approach”
in Contributions toward Medical Psychology, ed. by Weider, A., and
Wechsler, D. The Ronald Press Co., New York, 1953.

Miller, M. L.: “Blood Pressure in Relation to Inhibited Aggression in
Psychotics.” Fsychosom. Med., 1:162, 1939.

Modell, A. BL, and Potter, H. W.: “Human Figure Drawing of Patients
with Arterial Hypertension, Peptic Ulcer and Bronchial Asthma.”
Psychosomatic Medicine, 11 (1949), 282-292.

Palmer, R. S.: “Psyche and Blood Pressure,” Jour, of the American
Metical Association, 144, 259-298, 1950.

Patton, R. A.: “Experimental Psychopathology” in Current Trends in
the Relation of Psychology to Medicine, W. Dennis, ed. University of
Pittsburgh Press, 1950.

Patton, R. A.: “Problem of Hypertension,” Panel Report, Jour, of the
American Psychoanalytic Association, Vol. I, July, 1953, No. 3.

Reiser, M. F., et al.\ “Life Situations, Emotions and the Course of Pa-
tients with Arterial Hypertension.” Psychosom. Med. 13:133, 1951.

Rennie, T. A.; “Personality in Hypertensive States.” New England
Jour, of Medicine, 221:448, 1939.

Riemer, M. D.: “Psychoses Associated with Essential Hypertension.”
Psychiatric Quarterly, 15:284, April, 1940.

Robbins, L. L.: “Psychological Factors in Essential Hypertension.”
Bull. Menninger Clinic, 12:195, Nov., 1948.

Ruesch, J., and Prestwood, A. R.: “Communication and Bodily Diseases;
a Study of Vasospastic Conditions” in “Life Stress and Bodily Dis-
ease.” Ass’n for Research in Nervous and Mental Disease, the Williams
and Wilkins Co., Baltimore, 1950.

Ruesch, J,: “Personality and Chronic Illness” in Contributions toward
Medical Psychology, ed. by Weider, A., and Wechsler, D. The Ronald
Press Co., New York, 1953.

Saul, L. J.: “Hostility in Case of Essential Hypertension.” Psychosom.
Med. 1:153.

Schur, M.: “Basic Problems of Psychosomatic Medicine” in Elements of
Psychoanalysis, ed. by Hans Hernia and Gertrude Kurth, The World
Publishing Company, 1950.

Salye, H.: Stress. Montreal Acts, Inc., 1950.
Salye, H.: “The General Adaptation Syndrome in its Relation to Neu-

rology, Psychology and Psychopathology,” in Contributions toward
Medical Psychology, ed. by Weider, A., and Wechsler, D. The Ronald
Press Co., New York, 1953.

Sontag, L. W., Crandall, V., and Lacey, J. L.: “Dynamics of Personality;
Resolution of Infantile Dependent Need.” American Journal of
Orthopsychiatry, Vol. XXII, No. 3, July, 1952.

Storment, C. T.; “Personality and Heart Disease.” Psychosomatic Medi-
cine, 13, 304-313, 1951.

Swartz, J. and Semrad, E. V.; “Psychosomatic Disorders in Psychoses.”
Psychosom. Medicine, 13, pp. 314-321.



HOUSE No. 3050. [May232

Tucker, W. I.: “Psychiatric Factors in Essential Hypertension.” Di
ease of the Nervous System, 10:273-278, September, 1949.

Urschel, D, L.: “Emotional Hypertension: A Study of a group of Higl
School Boys.” Journal of the Indiana State Medical Association, Vol
38, p. 128, 1945.

Weider, A., and Wechsler, D., ed.; Contributions toward Medical Ps,
chology. The Ronald Press Co., New York, 1953.

Weiss, E., Jaffe, B. and Fischer, H. K.: “Emotional Problems of High
Blood Pressure.” Am. J. Psychiatry, 107:264, 1950.

Weiss, E.: “Recent Advances in the Pathogenesis and Treatment of Es
sential Hypertension.” Psychosomatic Med., 1:180, 1939.

Weiss, E. and English, O. S.: Psychomatic Medicine. Philadelphia
W. B. Saunders, 1949.

White, William A.: The Meaning of Disease. The Williams & Wilkins C<
1926.

Wolff, H. G.; “Life Stress and Bodily Disease,” in Contributions toward
Medical Psychology, ed. by Weider, A., and Wechsler, D. The Ronald
Press Co.. New York, 1953.

Wolff, H. G.: Stress and Disease, publ. by Charles Thomas, 1953.
Wolff, H. G., Wolf, S., Pfeiffer, J. 8., Ripley, H. S., and Winter, O. S.;

“Hypertension as a Reaction Pattern to Stress: Summary of Ex-
perimental Data on Variations in Blood Pressure and Renal Blood
Flow.” Ann. Int. Med., 29:1056, 1948.

The General Court in 1955, at the suggestion of this Com-
mission, saw fit to name the hypertension program at
Lemuel Shattuck Chronic Disease Hospital as a memorial
to former Rep. Paul A. McCarthy. The members, the staff
and the consultants of the Commission, individually and
collectively, feel this is a fitting honor to one who originated
a study that will do much to benefit all mankind. They ac-
cordingly recommend that a suitable plaque be placed in
that institution in his memory. To carry out this objective,
the Commission suggests the passage of the legislation con-
tained in Appendix D.

The co-operation of legislators with the medical profession
in efforts to solve the problem laid before the Commission
has met with universal approval. The Commission there-
fore recommends the establishment of a permanent unpaid
commission to act in an advisory capacity for the program,
consisting of one member of the Senate, two members of the
House, the Commissioner of Public Health, ex officio, and
three members of the medical profession who are expert-
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encecl in the field of cardiovascular disease and/or public
health. The proposed legislation set forth in Appendix E
would accomplish that aim.

It is the consensus of all concerned, however, that the
study is of such magnitude that it should be carried out at
the national as well as the state level. The project director
has conferred with representatives of the National Heart
Institute, the United States Public Health Service, and the
American Heart Association about carrying out the long-
range study, plans for which have been referred to earlier.
Such a study would be the natural outcome of the ground-
work already prepared under the supervision of the Com-
mission.

The Commission believes that the work accomplished
under its guidance is of such importance that this report
should be disseminated in suitable places as widely as pos-
sible. It recommends, therefore, that copies be forwarded
to leading medical journals and medical libraries throughout
this country. Legislation suitable for this purpose is con-
tained in Appendix F.

Respectfully submitted,

R. H. SMITHWICK, M.D
Chairman

ROBERT P. CAMPBELI
SAMUEL B. KIRKWOOD, M.D
PHILIP J. DURKIN.
HENRY J. BAKST, M.D.
HARRISON CHADWICK.
JOSEPH F. McEVOY, Jr,
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An Act directing the department of public health

TO PLACE A TABLET OR MARKER DESIGNATING A CERTAIN

UNIT OF THE LEMUEL SHATTUCK HOSPITAL AS THE PAUL

A. MCCARTHY MEMORIAL.

Be it enacted by the Senate and House of Representatives in
General Court assembled, and by the authority of the same,
as follows:

1 The department of public health is herein’ directed
2 to place a suitable tablet or marker bearing the desig-
-3 nation Paul A. McCarthy Memorial in the unit of the
4 Lemuel Shat tuck hospital set aside for the purposes of
5 a research program relative to high blood pressure and
6 its control. For said purpose the department may ex-
-7 pend such sum as may be appropriated therefor.

Appendix D.

PROPOSED LEGISLATION.

Ci)t Commontoealtt) of agassacfiuoetts

In the Year One Thousand Nine Hundred and Fifty-Six
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1
1
1

Resolve providing for the distribution of the final

REPORT OF THE SPECIAL COMMISSION ESTABLISHED TO

MAKE AN INVESTIGATION AND STUDY RELATIVE TO HIGH

BLOOD PRESSURI

1 Resolved, That the unpaid special commission estab-
-2 lished by chapter thirty-two of the resolves of nineteen
3 hundred and forty-nine, and revived and continued bjr
4 resolves passed in the years nineteen hundred and fifty,
5 nineteen hundred and fifty-one, nineteen hundred and
6 fifty-two, and nineteen hundred and fifty-four, is hereby
7 authorized to cause to be printed five hundred additional
8 copies of its final report. The secretary of state shall
9 distribute to all medical libraries a copy of said report
0; and to such persons or organizations as may be deter-
-1 mined to have a special interest in the subject matter
2 of said report, without charge.

Appendix E.

Cin Commontocaltf) of spassadnisetts

In the Year One Thousand Nine Hundred and Fifty-Six
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Be it enacted by the Senate and House of Representatives in
General Court assembled, and by the authority of the same,
as follows:

1 Section 1. Section 17 of chapter 6of the General
2 Laws, as most recently amended by section 1 of chap-
-3 ter 584 of the acts of 1955, is hereby further amended
4 by inserting after the word “discrimination”, in line 12,
5 as appearing in section 1 of chapter 537 of the acts of
6 1954, the words: commission on hypertension, —so
7 as to read as follows: Section 17. The armory com-
-8 mission, the art commission, the commission on admin-
-9 istration and finance, the commissioner of veterans’

10 services, the commissioners on uniform state laws, the
11 public bequest commission, the state ballot law commis-
-12 sion, the board of trustees of the Soldiers’ Home in
13 Massachusetts, the board of trustees of the Soldiers’
14 Home in Holyoke, the milk regulation board, the alco-
-15 holic beverages control commission, the state housing
16 board, the trustees of the state library, the state racing
17 commission, the Greylock reservation commission, the
18 Port of Boston commission, the Massachusetts commis-
-19 sion against discrimination, commission on hypertension,
20 the state airport management board, weather amend-
-21 ment board, council for the aging and the Massachu-
-22* setts aeronautics commission shall serve under the gov-
-23 ernor and council, and shall be subject to such super-

Appendix F .

CJ)e Commontoealtb of Massachusetts

In the Year One Thousand Nine Hundred and Fifty-Six.

An Act establishing a commission on hypertension
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24 vision as the governor and council deem necessary and
25 proper.

1 Section 2. Chapter seventeen of the General Laws
2 is hereby amended by adding at the end, under the cap-
-3 tion commission on hypertension, the following sec-
-4 lion:
5 Section 11. There shall be in the department, but in
6 no manner subject to its control, a commission on hyper-
-7 tension, hereinafter called the commission. The com-
-8 mission shall consist of three members of the general
9 court, of whom one shall be a member of the senate

10 designated by the president thereof, and two shall be
11 members of the house of representatives designated by
12 the speaker thereof, the commissioner of public health,
13 ex officio, and three persons to be appointed by the
14 governor, with the advice and consent of the council,
15 who shall be members of the medical profession experi-
-16 enced in the fields of cardio-vascular disease and/or
17 public health, to serve for terms of one, two and three
18 years, respectively, as he may designate. Upon the ex-
-19 piration of the term of a member appointed by the gov-
-20 ernor, his successor shall be appointed in the same man-
-21 ner for a term of three years. The members shall serve
22 without compensation, but shall receive their necessary
23 expenses incurred in the discharge of their duties. Each
24 member from the senate and the house of representa-
-25 tives designated as a member of the commission shall be
26 appointed at the beginning of each legislative term, and
27 shall hold office for the term of two years, unless, prior to
28 the expiration of such term, he shall cease to be a mem-
-29 ber of said senate or house of representatives; and, in
30 any such event, the resulting vacancy shall be filled by
31 designation, for the remainder of the unexpired term,
32 made in the same manner as an original designation.
33 The chairman of the commission shall be elected by the
34 members appointed by the governor, and the commis-
-35 sion shall elect from the members of the general court
36 a member to serve as clerk-treasurer.
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37 Said commission shall act in an advisory capacity to
38 the research program relative to high blood pressure and
39 its control established in the unit of the Lemuel Shat-
-40 tuck hospital designated as the Paul A. McCarthy
41 Memorial and to promote, assist and co-ordinate ac-
-42 tivities designed to meet the problem of hypertension,
43 and is hereby authorized to accept grants, bequests and
44 donations for use in connection with said program.
45 The commission shall hold at least three meetings in
46 each year at such time and place as they shall determine,
47 and such additional meetings as it may determine neces-
-48 sary, and may emploj" such assistants as may be re-
-49 quired in the performance of its duties.






