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SECTION A
GENERAL ASPECTS OF MULTIPLE SCREENT

S Cﬁapter* 1 )




IHTRODUCTICE

paiy

A vigorous controversy exlists over the present use and
future possibilities of multiple screening. This controversy
is well shown by the following statements made by two public
health experts:-:

“"The concept of multiple screening,"

says Dr. L.A.Scheecle,
Surgeon General of the United States Public Health Service,

"i1s basically sound and fits in admirably with the current

trend in publlec health work generally, toward a unilty and greater
integration of programs than we have had in the past."

(Scheele, 1951.)

Opposing this point of view, Professor Wilson G. Smillie
(1952) states: "But a multiphasic diagnostic screening unit
that 1s established as a primary public health diagnostic func-
tion 1is unsound in its comicepts, untenable in its principles
and indefensible in its logic."

Hueh information exists on multinle screening, but 1s

widely scattered in the literature. The secondary purpose of

<t
s
e
o]

thesls ls to bring together much of this information to

by
o
I.J
kS

clarify the present confused situation.
The primary purposc of this thesis is to present the results

of & multiole screening clinic held in Baltimore, Haryland,

o

.S.A., during the fourth October to the twelfth December, 1954.
This c¢linic was one step in a study of the prevalence of chronic
1llness in Baltimore, which was belng carried out by the Com-

miecsion on Chronic Illnese.



Definitions.

Screening. In its publlic health sense, screening ls a méthod
Which sorts out persons who probably have abnormalities
from those who probably do not (Adapted from Commis-
sion on Chronic Illness, 1951.) ‘

Screening tests are vrocedures which sort out persons who
- rrobably have abnormalities from those who probably
do not (Adapted from Commission on Chronic Illness,
1951.)

Screening tests are applied to groups of apparently well
persons. The tests are procedures preliminary to referring
persons with positiﬁe results for diagnosils and treatment if
necessary. Screening tesis do not establish or rule out disense;
diagnostlic procedures perform that function. Chapter 2 of thls
section will discuss more thnoroughly the difference between
screening and diagnostic tests.

Hlistory of Screening.

Screenlng testé have been used in public health practice
for many vears. For instence, the Rockefeller Banitary Commisslon
used the microscopic examination of stools to'screen for hook-
worm disease in and after 1912 (Smillie, 1952.). The ninliature

chest x-ray for pulmonary tuberculosls has been probably the

most widely used of all gscreening tests. First used about 193

niniature chest x-ray continues to vlay an imporitant pari in

tuberculosis control.



Multinle screening is & natural and perhaps inevitable

outgrowth from single screening programs. Hulticle Screenln

1s the rapid and economical use of two or more screening tests
to refer for diagnosls and treatment, 1f necessary, those
persons who probably have abnormalities (Adapted from Commis
sion on Chfonic Illness, 1951.) . Such programs have also

been named multiphasic screening, masgss screening or multl-
test programs.

arly American examples of these programs tested specia

groups, such as armed forces entrants and industrial workers.
For instance, & combined syphilis and tuberculosis screening
program tested industrial workers in Rlchmond, Virginla in

1939. Multlvle screening programs for the general population

came later, such as the Georgla State Health Department's

program beginning in 1945.

b

The first brief but intensive multiple screening survey
was held in San Jose, California in 1948 (Canelo et al.,19490.)
This program, limited to industriel wowkers, was foliowed b
more extensive programns open to the generalApublic. Among the
best known was the Richmond, Virginia multi-test clinic which
tested some 38,000 persons in 1950 (Eoek, 1951).
Despite the advantage thalt combining sévefal indlvidual

screening programs will save money and effort, multiple screen-

Irg has not reduced the growth of single testing programs in

the United States. The miniature chest x-ray programs, for



instance, continue on a large scale. Dlabetes Detectlon Drives
have become:;.a nationwide annual event since 1948, following
the successful United States Public Health Service Survey in
oxford, Massachusetts, in 1946 (Wilkerson and Krall, 1947)

The years 1953 to 1955 have seen fewer reports of nultinle
screening programns in America than previous years. There ig
now a tendency to study more thoroughly the previous programs,
to determine whether they have been worth while. Smaller numbers
of persons have been tested, to leave energy and funde for the
study of what happens to positive screenees after thelr
referral.

In Great Britain the miniature chest x-ray continues to
be the most widely used screening test. School clinics use
audlometric and visual aculiy tests, while tests for syphilils,
hybertension and albuulnurl are much used in antenatal clinics.
Multiple screening programs in the United Kingdom have involved
only small numbers and select groups of the general porulatlon.
Since 1949, for instance, the iass X-ray Service for South
West London has measured heights, welghts and erythrocyte
sedimentation rates in addition to taking the chest x-rarys
(Nash, 1952). Other programs have.involved corporation sitaff
volunteers (Burn, 1952) and university students (Logan, 1954).
Recently several British workers (Nash, 1952; Anonymous, 1955)
have recommended that larger progroms be carried out to define
the part which multisle screening night play in the Hatlonal

Tealth Service 1n future years.

[
=



REFERENCES
Anonymous, (1955). Medical Cfficer XCIV,339.
Boek,W.E. (1951). An Analysis of the Multi-test Clinic of
Richmond, Virginia. Health Information
Foundation, liew York.
Burn, J.L. (1952). Lancet 262,567.
Commission on Chronic Illness (1951). Preventive Aspects of
Chronic Disease, Conference Proceedings, Chicago, Ill. Zlealth

Publications Institute, Inc., Raleigh, H.C.

Canelo,C.K.,Blssell,D.¥.,Abrans,H., and Breslow,L.A. (1949)
California Med. 71,409.

Dunn,J.E. (1955). J.Chronic Dis. 2,450.
Logen,R.F.L. (1954). Lance}t 2,409.

Nesh,F.A. (1952). Lancet 1,673.

Scheele,L.A. (1951). Am.J.Pub.Health 41,635.
Smillie,W.G. (1952). Am.J.Fub.Health 42,255.

Wilkerson,H.L.C., and Krall,L.P. (1947). J.Amer.med.Ass. 135,209.
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PHILOSOERHY AUD PRACTICE OF SCRAEENING

With aging of the population and the falllng incidence
of infectious dlsease, chronlc illness becomes a steadlly
increasing medlical and public health problem. Since much chronic
disease is of uncertain etiology, 1ts primary prevention is
not possible at the present tinme.

Secondary prevention -- the earliest posslible detection
of already existing disease (Levin and Brightman, 1952) --
may be the most practical alternative in controlling chronic
illness. The widesvread use of one method of secondary preven-
tion f4 the periodic health examination -- has been impractical
for these reasons:

2y

1. The number of vhysicians is limlted, and most are already
fully occupied in caring for 11l patients.

2. Undergraduate and postgraduate medical training lays little
stress on'early diagnosis and the preservation of health.

3. The average layman usually seeks medical attention only
when 111.

4, A good periodic health examination is costlv to the indi-
vidual if carried out privately, or to soclety 1if financed
by pubiic funds.

Periodic health examinations may be more feasible if
confined to persons most likely to have conditlons which bene-
it from medical care. Multirle screening tests have thus boen
vroposed to separate the wopulation into (a) persons who nro-
bably have conditions requiring medical supervislon, z2nd

17 do not have such conditlions.

.
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Lefore develoning this theme, one might briefly conzider

he four basic points in tils line of reasoning:

l")

t

1. The most effective method of control of any chronic discas
1s its primary preventlon before the disease beglns. r”hlc lane
appear Lo agree unanimously in this bellef, because of the
success of primary prevcntxon 11 communicable disease control.
2. Primery prevention of chronlic 1llness is rarely poscsivle,
since the etiology of most chronic 1llness is not clear. Treat-
ing chronlc disease at its earliest detectable stage ls There-
fore the most practical alternative. Again the medical profession
will agree almost unanimously on this statement. The more ad-
vanced the di se 1s wnen treatment begins, the more dilffi-

cult is its cbmplete cure. However, carrying out this =step
iz again greatly hindered by insufficlent knowledge of many
of the’chronic diseasges. Cften their treatment is symptomatic
in nature, aimed at relieving the discomfort produced by tie
condition. Symptomatic treatment will not help when illness
ig discovered before the symptoms develop. Moreover the
assunpvlon has stlll to be proved that asymptomatic disease

'early' dtsease.

1s more likely to be pathologically
5. The third Ptasic poiant in this reasoning 1s that periodic
medical exanminatlon of apparently well persons will discover
asymptbmatic disease at a stage wihen rellef and even cure 1is
more sinple. The medlcal profession does notvagree on this

point. Indéed, a recent editorial (1954) put forward whatit is

presumab 1y an officiel view of the Pritish ledical Assoclation,



thet perlodic examination of avparently well persons has little

J
value.

Periodic visits to the doctor will not ensure good health,
and may even occasionally cause harm (Bakwin, 1945). The periodic

health examination 1s merely a means to the goal of early treat-

[ (6]

ment, and 1s not an end in itself. Poor and hastily adminis-

tered examinatlons will prevent the attalnment of this goal,
as will the overenthusiastic "treatment of normal variants"
(Bakwin, 1945) which occasionally recults from these examinations.
In brief, the periodlc exaninatlon needs evaluation to Tind

-

s and saves sufficient lives

U}

out if it prevents enough illne
to Justify its cost.
4. The fourth basic point in reasoning the need for screening
tests is that the tests will separate off persons who will
benefit most from a thorough examination. There 1ls no agree-
ment that such screening procedures are available. Indeed,
there is general agreement that no screening tests are rre-
sently avallable for many chronic conditions. It is clalmed,
however, that some of the mosgst prevalent conditions, which are
capable of responding to medical treatment, can already be
screened succegsfully. Much of this thesis will be devoted
to studying this clain.

Comparison of Screening and Diagnostic Tests.
The differences between secreenling and diagnostlc tests
might suitabl¥® be developed at thls point.

Screening teste sort out persons who probably have abnor-

{_J
x.a.

eg from those who probably do not. Screening tests must
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pid, inexpensive and simple to administer. In order to

o
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ttract arparently well persons to attend, screening tecsts
ghould be easily acceptable or accompanlied by a minimum of
discomfort. Painful or unpleasant tests discourage the attend-
ance of large numbers of persons.

Screening test results should e simple to interpret, so
that the need for referral may be decided, 1if possible, by
non medical personel. 3Since a positive or negative result 1is
2ll that 1s necessary, the tests need not give specific values
in the result. A screening test for anesemia, for lnstance, nay
not give the actual naemoglobin value in gm. per cent, but
need only show that the result ig above or below the value
where further examination is advisable.

Inherent in the phllosophy of screening ls that screening
tests should detect conditions which will benefit from medical

care. Detecting conditions Ffor which no effective treatment is

knovmn has little

o}

lace in screening, except where prevalence

T
o£L

flgures are reguired or wvhere lsolation of the casés has some
public health value.

Diagnostic tests are usually applled to apparently sick
persoﬁs or to persons with positive screening tests. Diagnostic
tests help the physician to make a definite dlagnosis. Since
they are applied on an individual basis, diagnostic tests are
often less rapid, more expensive and more‘complicated tha

screening tests.

O
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nce diagnostic tests are given to anparently sick percsons
who are anxlous for the dlagnosie to be made, the production

of discomfort is not & barrier to their use. Diagnostic tests
usually give specific values as theilr results, which are often
more difficult to interpret than those of screening tests.

Diagnostic tests do not always detect illness for which
there 1s adequate treatment. An accurate dlagnosis 1s often
the physiciank immediate concern, and the absence of effective
treatment 1s no barrlier to using the dlagnostic test.

Results of Bereening.

Screening tests usually gilve a pogitive or negative result,
indicating that the screenee should or should not be referred
for further examinatlion. However, screening tests cannot do
this job with complete efficiency. The tests will wrongly refer
some persons who do not have the conditions at which the tests
are aimed. The tests also will wrongly classify as not reguiring
referral some screences wno actually have the conditions. The
followling termes are used to describe the results of screening:

True positives are the results of persons selected for

referral on screening and found positive on dlagnosis.

False positives are the results of psesrsons selected for
A

referral and found negative on diagnosis.

True negatives are the results of persons not selected

for referral on screenlng and found negative on diagnosis.

Felse negatives are the resultes of persons not selected

for referral on screening &nd found positive on dliagnosis.

1
O



Pligures Tor the latter two groups are not usually aveilable
in practice, since the negatlive screenees seldon
nostic examination.

Evaluating Screening Tests.

Several different aspects of screening test performance
have been recommended to evaluate the tests (Levin and Bright-
man, 1952). These aspects are:

1. Reliability. The reliability of the test can be measured by

a. Its precision, or ability to give closely similar results
when repeated on the same person.

Its accuracy, or ability to give results close to the

.
O
.

actual true value.

Validity. The validity of a test 1s 1ts ablility to separate
thezbrue positives from the true negatives, keeping to a minimum
the number of false positives and false negatives. Two indices
are used to express validity:

a. The sensltivity of a test is 1ts ability to classify

as positive persons who have the condition at which the test

[=3
n

almed. Numerically, this may be wrltten as

)

Positive screences, confirmed pos. on dlaghosis
Total screenees who have condition

Sensitivity =

True positives
= True positives + ralse negatives

b. The gpecificity of a test is its ablility to classifly

. B
do Pl 1. A

ag negative persons who do not have the condition at wiich the

0]

test 1s aimed. umerically, tols mey e written as

11.



Mepatllive gerecneeg, conflirmed nes. on diarsnogsic

Specificlity = — e
Total screenecs who o not ave condition

H

H

True negmt ves + False positives

Yield. Unlike the previous indices of performance, tierc

W
i

s no general agrecment on a deflnitlon of yield. Rutsteln (1051)

l—J.

suggests several ways in which the yleld can be exprecsed
numerically, including:
a. Number of previously unknown verified cases.
b. umber of previously unknown verified cases benefltcd
by referral, and previously known cases not under treal-
ment, benefited by return to 1t..
¢c. Number who believe they have/the digsease, have a ﬁositive
screéning test, and who are ghown not to have the disease
on diagnostic examination. (While those persons do benefit
from soreening, it does not seem raticnal to count this

in favour of a test which has wrongly clagsifled thecse

persong as positive.)

d. Number of cases of communicable disease prevented from

=
¥

spreading the condition. (These persons will, of course,
be included in group a, when the latter 1s used to express
the yield.)
Rutstein (1951) emphasiscs that only persons who beneflt
from referral should be included in estimating yield. Although

excellent in theory, this idea is difficult to carry out in

practice, since it will considerably increase the perlod elapclng

-

before follow-up figures are obtalned. The procedure will re-
gquire time to determine the respense to treatment. MNoreover

- -

12 nrocedure ilnvolves o rurcly subjective déclslon on the
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vart of the vpersonsl nhysician. Some zhyvsiclans mav bellasve
- v - v v

ct

that all patlients referred to them will beneflt by the referral,

Hh

their therao-

i
H-

while others may teke a less optimistic view o
peutic powers. The decision may vary greatly from physiciar

to nhvsician and from area to area. Thus the samé tést nro-
ducimg the same proportion of true positives in two different
areas night appear to have qulte different ylelds.

The problem of delay in ohtalnlng the final follow-up

}-te

3

figures will be less serious where the sgcreening program
o continuing one over the course of one or more years. However,

" from the treatment

the uniform interpretation of "benmefiting
will continue to be a “OD1em.‘

For the gake of simplicity and comparability of results,
ﬁherefore, the most satisfactory ladex of yielF'afpearu to be
group a -- the number of previously unlnown positives confirmed
by dlagnosis.

A practical question must be answered -- to whom should

the condition be "previously unknown"? The screenee, for in-

stance, may be unaware of his heart condition because his per-

[é2]

onal physiclan believes it wise to leave him 1n ignorance.

It therefore seems rational that the condition be Mpreviously

t

unknown" to the personal rhysician, and not to the scrcenece.

Thisg decision has a conslderable effect on the yield ol the

test, ag the regults of the Baltlmore clinic will show.
The test yield is a functlon of the prevalence of unknown

cages of the condition at wialch the test ls almed ~-- the ireater

] e

the prevalence, the nigher the yield. When tne prevalence dces

]
fex



not greatly very from area to area, the yield 1s helpful in
evaluating the performance of two different tests aimed 2t the
same condition. The yield 1s even more helpful when the two
tests are used on the same population. On the other hand, the
yields of two tests almed at two different conditions with
different prevalences will not evaluate the test performeance
alone.
4. Cost is the fourth aspect to be considered in evaluating
screening tests. While screening studies sometimes give the
cost per person tested, the cost per new confirmed case
2 truer cost picture of particular value to the screeniag
clinic administrator. Oflimportance to the community, howsver,
is the total cost, including estlmates of volunteer services
and donated materials, and estimates of the cost of diagnosing
the true positives and false negatives, all added and expressed
n terms of new cases found. Optimistic accounts of screenlng
costs have been calculated by ignoring the hldden costs to
the community, which are often very considerable.

A suggested fifth aspect (Rutstein, 1951) -- the acceptance
of the screening program by the screenees, by the physiclans
and by the community -- 1s so dependent on factors apart from

the screening tests that this method seems gquite useless for

evaluating screening tests.

14.
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SCRELNING TESTS

A gingle 1Index to describe test verformance would grectly
help in investigating screening tests. A satisfactory index
snould change only with changes in the test, and be unaffected
by changes in prevalence of the conditlon being tested for in
the population. To dlscuss the value of several proposed lndices,

the results of a theoretical screening test are tabulated in

the following table:

Classifled by SCRERBNIINC

Positive legatlive Total
a . b |
Diseased True + False - (a + b |
Classifled by » j
DIAGNOSIS Jeslthn c a |
. ’ : HeaLlty | palse + True - (¢ + & |
— T S—

-

-An index already described can now be expressed as:

Sensitivity - S _
Y T a + b

The greater the sensitivitry, the larger the proportion cf dis-
© B e} &

caseld persons correctly clascified as positive. When test

L’}

results are compared from two different areas, the numerator
and denominator of this index are both directly proportional
to the number of diseased persons in the tested population.
Whether the prevalence of the condition being tested for is
one or ten per cent, both numerator and denominator will in-
crease by the same proportion and the index will not change
its value.

The 1ndex will change, however, wnen an artificial popu-

lation ig tested where all diseased cases are far advanced.

|
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This situation may occur, for instance, if a new cancer dc-

+

tectlon test were evaluated using o group of hospital inratients
with cancer and a "normal" group of apparently healthy medical
students or nurses; When used on this artificial population,

the test will have a sensitivity different in value from the
result obtalned when the test 1s used on the general population,
where the cancer cases will be at an earllier stage. The use of
artificial populatlons will affect most other indices used to
describe the performance of screening testis.

Consider an entirely imaginary and uselesg test which
reccords all results as positive. The l1lndex of seesitivity will
be a/a or 100 per cent, since no false negatives have occurred.
This extreme example 1llustrates the fact that although the
sensitivity i1s a useful index, 1t will not give a complete

plcture of the performance of the test.

The other index mentioned previously can now be ex ssed as:
Specificitys —%
P I= e+ a

The less gpecific the test, the larger wlill be the proportion
(c) of healthy persons wrongly classified as positive. A low
specificity indicates that an excessive strain may be placed
on the limited facilities available for dlagrnosis and treatment.
Since both nuﬁbrafor and denominator are directly pro-
portional to the number of hedlthy persons in the tested ponu-
lation, the specificlity does not alter with changes 1n pre-
valence of the condition. Cnce agaln, however, the speclficlty

may change if the test were used on artificial populations.

]‘..!
-

~
.



In the extreme case mentioned previously of the test which
claseified all persons as positive, the specificity would be
O per cent. In the opposite extreme of a test claseifying all
persons as negatlive, thé specificlty would be 100 per cent
while the sensitivity would be O per cent. Both sensitivity
and specificity are useful 1indices when considered together,
but neither gives a complete picture of test performance when
only one 1s known.

Clinicians object to tests with a significant number of
folse negatives, since such persons mngy have treatment delayed
until the disease ig far advanced. On the other hand, health
administrators, and screences classlified wrongly by the screening
proéess, tend to react adversely to tests resulting 1n number
of falsé positives. Such tests tend to cause conslderable
unnecessary worry and expense, and may overburden the dlag-
nostic and treatment facillities.

An index which stresses the latter situation is the ratio
of Felse positives:True positiveg or c/a. This index has con-
siderable value in showlng the amount of unnecessary follow-up
worlk produced by the test.

Hdowever, the false positivestrue positive ratio will
change when the same test is used on groups with differing

rrevalence of the condition being screened. The number of false

*_Jo

positives, which igithe numerator of thic index, is directly
croporticnal to the anumber of healthy persons tested. The truc
positives, which form the denominator of the index, are

directly proportional to the number of dlseased persons tested.



A high proportion of diseased persons in the tested grouv will
reduce this index, even Thougn the efficlency of the test is
unchanged. Provided thls defect 1s remembered, however, this
ratio has some value 1n evaluating the performance and practi-
cability of a test.

When used alone, each lndex considered so far has clearly
failed to descrilbe completely the performance of a test. Two
indices have been suggested to give a more complete plcture
of test performance.

The numerator of the first of these indices 1s the number
of pefsons correctly classifled by the test -- the true posi-
tives and the true negatives. The denominator is the total
number of persons tested -- the true and false positives and

negatives. The index can therefore be written as

a + d
a + b+ c + 4d

An insensitive and non-specific test will give a low value,
whlle & sensitive and specific test will give a high value
approaching unity or 100 per cent.
However, this ratio has a defect that almost precludes
its use completely. Take the extreme example of a test giving
a negative result for everyone, in a population wilth a one
ver cent prevalence of the disease. This situation would give
a2 value of 0.99 or 99 per cent for thils index. The baslc defect

is that this ratio gives equal welght to the correct clasci-

Tication of a diseasgsed or o well perscn. here the discoaze

[

prevalence ls low, this index can give a false aopearance of

efficiency to a test which, in actual fact, is completely usclees.



Youden (1950) proposed anc index, designated by the symbol
7" which appeared to overcome the previous defect. Youden's
reasoning was as followss:

Returning to the fourfold table, the proportion of dis-
eased individuals correctly classified is a/(a + b). It seems
appropriate to charge agalnst thistthe proportion of diseased
individuals wrongly classified, namely b/(a + b). The measure
of success on the diseased group will thus be : =D, Ir the

+ b
test has no discriminative power on the diseased group and is

equelly likely to report a diseased individual negative zs
positive, a and b wlll be equal and the numerator of this

fractlon will be zero. The test with no false negatives will
- b

+ b
A similar argument for the healthy group gives i : g

a measure of the effect on the well persons. Let the average

equal to one.

MWeb=Ozmdz

as

of these two fractlions be taken as the index of performance
of the test on the whole population. This gives equal welght
to the wrong classlfication of a certain percentage of dis-
eased persons as to the wrong classification of the same per-
centage of healthy persons. This method is better than the
previous index, although i1t still has serious defects Which

will be illustrated later.

v, j__“a."'b d"c
We now have J= g(a < T3

Within the parentheses, odd one to each fraction, and subtract 2.

24
Then ‘('1+L c+d_'2)
a a

= -+ -
a + b c + 4 1

= Sensitivity + Specificity —1

0 O.



The suggested index ig simply obtained, therefore, by
adding the sensitivity and specificity, expressed as fractious,
and subtracting one. It 1s claimed to have certain desirable
features, which are more thoroughly explained in Youden's (1950)
original paper:

’

1. When its value is zero, the test has completely falled to

&._,.l

differentiate between diseased and healthy persons. (This

)
I

0
O

o
o
O

points out the fact that when Sensitivity and Specificity
up to one, the test gives the same proportion of positive
resulte among diseased persons as among healthy persons. Thelr
sul can be less than one only when healthy persons give a higher
proportion of positive results than diseased persons l.e. When

a negative result suggests the presence of diseasge.)

2. When its vealue ls one, the test produces no false positives
and no false negatlves.

3. When its value is between zero and cone, this value ie con-
trolled by the proportion of diseased persons wrongly classi-
fied as negative, and by the proportion of well persons wrongly
classified as positive.

4. The index is independent of the prevalence of the disease

in the population and of the total number of persons tected.

5. It is posegible to calculate a standard error for the lndex,
and thus to evaluate the difference in performance of two tests.
An actual example will be given, however, to illustrate
a serious defect of the index. Consider the results of clossi-
fying 1000 well persons and 10 111 persons, using Test A with

a sensitivity of 0.9 and specificity of O.7. This test will



oroduce one false negatlve and 300 false positives. 301 persons
are wrongly clasgsificd, and 309 are referred for dlagnostic
examination to discover 9 true vositives.

Test B, applied to the same population, has a sensitivity
of 0.8 and specificity of 0.8. 202 persons are wrongly classi-
fied, and 208 are referred for dlagnostic examination to discover
8 true posgitives.

Although tests A and B have the same J of 0.6, their end
results are quite different. It therefore appears that the
Youden Index 1s not sufficiently informative to compare the
efficlency of two tests. However, even i1f it has only empha-
sised the fact that a test is completely useless when its
gsensitivity and specificity add up to one, the index has per-
formed a2 helpful fTunction.

e A test with a low specifilcity, giving a falrly high
proportion of false positives, produces serious practical
difficulties in requiring much unnecessary follow-up. It would

eem rational to Tix some high specificity requirementvfor
the screening tests. Their indlces of sénsitivity might then
be compared, keeping thelr specifilcitles at this constant level.
An example wlll be gilven to illustrate this procedure.

Buppose that a urine sugar test and blood sugar test are
carried out on 1000 well persons and on 15 diabetic persons.
It 1s arbitrarily decided that the sgpecificity will be fizxed
at 0.96, thus permitiing 40 Talse positives. It iz found, let
us say, that 46 persons have & positive urine sugar test, and

that 40 of these are non dlabetics and 6 are diabetlics. These



i

results give the required svecificity of 0.96, and a sensi-
tivity of 6/15 or 0.40.

The blood sugar test has, say, 50 positives, with 40
non diabetics and 10 diabetics. Again these results give the
required specificity of 0.96, with a sensitivity of 10/15 or
0.67. These hypothetlcal figures suggest that the blood suzar
test, withh the higher sensitivity for the same specificity,
is the more efflclent screening test.

This method of cemparison can be ucsed only when the totai
nunber of well and diseased personsg:ls known, and when the

screening levels can be altered to give the required specifi-

',.1.

city. For instance, the actual blood sugar values of the

scfeenees must be availlable, so that the screening level can

be changed from one point td another after the tests are com-
pleted.

In the example Jjust given, the two tests detect the same
condition. This method of comparing two tests is less useiul
when the tests screen for different diseases.

The speclficity can be arblitrarily fixed at any value
to compare the sensitivities. However, the most reasonable
value to choose would anpear to be the "minimum permlssable
specificlity". This value will partly depend on:

1. The possiblé damage -- psychological, financial, etc --
caused by the wrong classification of the truly negative
DEXSON .

2. The seriousness of missing & case of tire condition at wihlich

the test i1s aimed. For instance, when the mlssed case will



progress rapldly to an incurable stage, the specificity noy

deliberately be permltted to be low in order to reduce the

number of missed cases.

3. The prevalence of the condition in the tested population.
When the prevalence 1s relatively high, sﬁch as with

"eart disease", a comparatively low

"hypertension" or

'specificity may be used if desired since the false posi-

tivestrue poslitive ratio will not become unduly high.
4. The response of the condition to medical supervision. If

only the relatively "advanced" cases require medical care

(as may be the case with essentlal hypertension) the.spe—

cificity may be held at a high value in order to avold the

unnecessary referral of the "early" cases.

Conclusion and Summary.
No single index will give a complete plcture of screening

test performance. However, a screening test can be evaluated
adequetely by an intelligent study of the indices of sensitivity

and specificity, and of the ratio of false positives: true

positives.
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When o populatlion is screened Tor a conditlon such zs
diabetes, 1t 1s presumed that the diabetlic will give a differ
ent test result from the non diabetic. However, the range of
results obtained from the diabetlcs wlill considerably cverlap
the ranzge obtained from non disz betic PErSONS.

)]
[\

I.]n

In order to simplify the screening procedure, a point
arbltrarily chosen somewhere on the overlapping portlion. On
one side of this point lie the "positives", to be referred for
more thorough examination; on the other side lie the "nezatives!
This point has been variously termed the critical polnt, cutting

point, screening level, critical level and cuttlng level.

The population to be screened at this level consists, let
us say, of the two groups shown in Figure I. The normals have
the distribution of values at the lower range.of the scale,
while the diabetics heve the values distributed over the upper
range.

ppdse that this is 2o group of 10,000 non diabetic zersons
and 150 previously unknown diabetics, having blood sugar tests
which are belng carried out without considering the history
of food intake. Non diabetic persons who have recently eaten
large meal will often have blood sugar values above those
diabetics who have not eaten for several hours. There will
therefore be o considerable overlapn of the two distribution
curves as suggested in Plgure I. Mo matter what screeniag level

F-3

is usged, & considerable proportion of false negatives or false

N
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Theoréetical Distributions
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positives or both 1s inevitable. (There is no evidence, inci-
dentally, that the two distributions will be Mnormal in shave,
although they are shown so here.)

Reducing the overlap of the two distributlon curves would
makxe the screening process more efficient. This reduction
occurs if the means are placed further apart, without increas-
ing the distribution spread; if the means remain stationary
but the distribution curves dluminish; or if a combination oi
both situations occur. Ian the case of diabetes screening, the
overlap can be reduced by several methods, all of which can be
described as "standardising the conditions under which the
test is carried out."

The population screened can be divided into two groups:
those who have eaten within two hours, and are stlll likely
to e absorbing some Iood from the gastro-iﬁtestinal tract;
and those who have eaten beyond two hours, who have mainly
completed the process of absorption. Using a higher screening
level for the first group, say 160 mg. per cent, and periaps
130 mg. per cent for the second group, will result in a smaller
overlap of the two curves as illustrated 1in Figures 2 and 3.

Another method of reducing the overlap is to give each
person a glucose drink at a specific time before the test.
This procedure will slightly‘faise the mean value for the
Ynormels" and considerably raise the mean for the diabetics,

without greatly increasing their standard deviations.

28.



The Test Zrror.

Suppose that 500 ml. of blood, taken from one '"normal™
person, were divided into 500 lots of one ml. and handded to
a techniclian to estimate the blood sugar level on each specimen.
The technician has not been informed that the blood comes only
from one person wilth a blood sugar value of, say, 100 mg. per
cent. If the test used has an equal chance of making an error
above or below the true value, the technician's 500 results
will produce a normal distribution curve whose mean will be
at 100 mg. per cent.

Suppose that this same technician were again given 500
specimens of one ml. blood, taken this time from 500 apwvarently
normal persons. Iftthe test were completely accurate, the results
of the blood sugar estimations will form a distribution curve
around the mean value, which we will again take as 100 ng.

per cent.

[,

Let us say the blood sugar test has a standard error of
10 mg. per cent. Then the actual distribution curve of results
obtained from the 500 apparently normal persons wlll be wider
than the true distribution curve obtained by a theoretical
test with no error, although the two means will coincide. The
standard deviation of this wider distribution curve will be
approximately the sum of the standard deviation of the true
values and the standerd deviation of the test. (It has been

assumed that the values from the 50C apparently normal nersons

i
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will produce a fairly normal dlstribution curve. LEven 1T This

€

hozspens to be o completely false assunption, it will not alter

20.



the basic concluslon of this section.)

Consider agaln the previously mentioned populaetim of
10,000 normals and 150 diabetics, being screened by a blood
sugar test with a certain standard error. The means of the
"mormal® and diabetic distribution curves will not change in
value, no matter how great the error of the test. Supvose that
150 mg. per cent 1s used as the screening level. Then the
greater the standard error of the blood sugar test, the greater
will be the spread of the Pesults for the diabetics, and the
greater will be the proportion of diabetics with results below
130 mg. per cent. Bimilarly the larger standard error of the
test will resull in a greater spread of the results for th
normals, with a higher proportion classified above 130 mg.
per cent.

It is therefore concluded that the greater the error of
the tést, the greater will be the overlap of the normal and
abhnormal distribution curves, and the greater will be the pro-
portion of false positives and false negatives.

Screenling Level and Limits of Normal.

The cliniclan regards as needing treatment a patient who
comes to nim with signs and symptoms of anaemia and whose
haemoglobin level is below the lower limit of normal. Yet a

person who comes for screening, who ie below an accepted lower

1imit of normal, but who 1s without slgns and symptoms oF
anaemia, may not necessarlily have a condition requiring treft-
ment.

Yoreover, gince the screening test wlll have a certalin



error, & proportion of persons who are actually above the
screening level will be wrongly classified as below thisg level.
Since the persons exposed to this risk are the "normal® persons,
who are much more numerous than the diseased, a relatively
large number will have false positive results, causing a high
ratio of false positlves to true positives. For these ressons,
screenling levels cannot be chosen merely by obtalning the
"imits of normal" values from o medical text. Indeed there is
oiten no general agreement on those values, which are often
derived Irom small numbers ol cases.

The decislon to ralse or lower the screening level will
devend on the seriousness of misesing cases of the dlseacse and
of referring numbers of false positlves. Apart from tuberculosis
and carcinoma, the conditions ab which screening tests are
presently almed are not sufficlently serious to justify the
referral of large numbers of false positives to avold missing
a small proportlon of the cases. The screcning levels can usually
be set on the abnormal side of the "limits of normal.”

However, many cliniclanse will disagree with this method
of setting the screening levels. Insurance company statlcetics
show that the values assocliated with optimum survival are often
considerably above the lower limits of normal. If it 1g the
purpose of screening to imprcve thie health of the screences
go that they may lead long and active lives, perhans the screen-

"

ing levels used should be closer to the "ldeal" values wsso-

clated with optimum survival. This procedure 1s not a practical



one at present. The referral of all persons above ideal weight
r above ldeal blood pressure levels will result in referring
he majority of apparently well persons taking the tests.

FPurthermore, life insurance company statistics'cannot be
complétely accepted at present. They provide only éiight evi-
dence, for instance, that wheh the blood pressure of a hyper-
tensive person is brought down to the "ideal" level this
individual's chanceg Of survival will approaéh the optinmum
value. In brlef, there is little evidence to show that a
hypertehsive person, under itreatment wnich brings his systolic
pregsure down to 130 mm. Hg., has the same life expectancy
a8 the normotensgive persoh with the same pressure.

It 1s now possible to present a number of cbnclusions
from this section. Since they appear to be seif evident in
their +truth, they have beern labelled "screening axioms."

Screening Axions.
When apparently well persons are screened for a condition,
they can theoretically be divided into at least two groups:
1. Those who will usually be diagnosed as not having the
éondition.

2. Those who will usually be diagnosed as having the condition.

When separate distribution curves are drawn for the test re-
sults obtained from each group, the curves will overlap to a

verying extent.

No matter what screening level 1s used, the test resulte must



!

inevitably include Tfalse positives or folse negatives or both.

Standardising the conditions under which the screening test
is carried out will reduce the overlap of the distribution
curves, with a corresponding reduction in false positives and

false negatives.

The greater the standard error of the screening test, the
greater will be the overlap of the distribution curves, and
the greater the proportion of false poSitives and false

negatives.

The so-called "limits of normal® used for dilagnostic tests
are unsuitable for use as screening levels. The values for
screening levels will usually have to be placed on the abnormal

side of these limits.
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TIE CCMMIBSICH O CHRONIC ILIIESS AID ITS BALTINORE STUDY

The Commiesion on Chronic Illnecs in the United States
was founded in 1949 as a temporary national, non-governmentol,
recearch and educational organization. This body consists of
a Commlsslon of lay and professional leaders who meet annually
to review all the information gathered by the staff, a smaller
Executive Committee which 1s responsible for the administration
of the Commission's affalrs between the annual meetings, and
a full time paid étaff which carries out the program adopted
by the Commission.

The Commission hes listed its goals as follows (Commissicn
on Chronic Illness, undated):

Goal 1. Define the problems arising from chronic illness in
all age groups.
Goal 2. Pave the way for dynanlc programs to:
prevent chronic i1llness
minimise 1ts disabling effects
restore its viectims to a soclally useful and
econonically productive place in the community.
Goal 3. Clarify the interrelationships of the many professiocnal
groups and agencles working in the fileld.
Goal 4. Coordinate the separate programs for specific diseases
with a general progran deslgned to meet more effectively
the needs common to all the chronically ill.
Goal 5. Stimulate in every locality o well rounded plan for
the prevention and control of chronic discase ani for

the care and rehaebilitation of the cuaronically 111.



Gozal 6. Modify soclety's attitude that chronic i1llness is
hopeless.

To provide an adequate background for the Gommisslon's
recommendations, the chronic illness problem needed more
accurate definition. In 1952 the Commission selected Baltimore
City as its urban area of study. In the following year the
Conmisslon began its Baltimore survey, which consisted of the
following five steps (Roberts, 1953):

Step 1. An interview with a responsible member of each of
4,000 households, chosen at random from the total
populatlion of the city. Approximately 11,500 persons

belonged to these households.
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Using the household intervliew data, each person was
placed in one of three categories (Commission on
Chronic Illness, 1954):

I. Persons reported to have maximum dlsability.

-

II. Persons reported to heve disease, but less disablility.
Iii. Persons reported to have no disease, or only certaln
minor conditions.
Bach of these categories nad been clearly defined 1in
advance, with group II divided into a nuamber of sub-
groups. A previously determined percentage of persons
in each category and subgroup was drawn to producc

-

a subsanmcle of 1,250 persons. The percenitages used

varied from 100 per cent for the serlously dlsabled

~

to 6 per cent for those in group III. The private
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3 vwinich had talzlen care of thicce

9

voyeliclans and lwosopital

persons in the recent past furnished additional necdica
data'on these persons.

A diagnoétic examination and evaluatioh of this =zane
subsample of 1,350 Der'sonQ was carried out. While thic
int crv1ew and physical exapination was belng performed
in Johns Hopkins Hospital in Daltim more, each person
was'given a nunber of tesls which were in many vays
comparable to the screening tests in Step 4.

1
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From the original sample 1,500 persons, those who
had not been selected to talte part in Step 3 and who
were 17 years or over, were invited to attend a
muitiple screening clinic. This group numbere@ 6,057
persons.

The Commission's primary purpose in Step 4 was to
etect additional cases of chronic illness, to add
these cases to those found by household interview and
physical examination, and to calculate mlnimum pre-

valence figures from the results. A discusslion on
Whéther br not this purpose was achleved falls outsld
the scope of this thesis.

The Commission's secondary purpose was to evaluatc
multiple screening as a technique for encouraglng to
seel medical care personsg Who may nave certaiﬁ con-
ditions that benefit from nedical treatment.

Some of the persons, believed by the examining physi-



were offered the necessary rehabilitative measures.

Thils was carried out only on those wmersons eligible

1

[6)]

for the Vocational Rehabilitation Serviees of the
Maryland State Department of Education.
Funds for the everyday work of the Commlission and its

staff were donated by thirteen national agencles working in

the Tleld of mediclne, healtnh and welfare. The finances for the
Baltimore study have been provided by the United States Public
Health Service. The Commonwealth Fund i1s financing the final

report on the study, to be publiched late in 1956.
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PLATIING AND ADMINISTERING THE LULTIPLE SCREENING STEF

In March! 1954 a preliminary descriptlon of the Multiple
Screening Step (Commission on Chronic Illness,1954a) was dis-
tributed to thirty-five persons in the medlical and public
health flelds. The resulting suggestions and criticisms were
ingorporated, when believed useful, in the final arrangements
for the screening clinic.

In Hay 1954 a Technical Advisory Committee to the screen-
ing step was formed to represent the practicing physiclans in
Baltimore. Its nine members had two meetings, and made a number
of helpful suggestions to prevent possible difficulties with
family doctors while the clinic was in progress.

Invitatlon Procedure

A part time health educator was employed on July 1954
to draw up letters of invitation for the Screenées, to deslign
explanatory pamphlets, and to suggest what general publicity
should be used to inform the community of the study.

The problems for the health educator were unusual and
diffiéult ones. 6,967 persong were to be invited to attend the
clinic, scattered throughout the nearly one million citizens
of Baltimore. They consisted of all races and income groups,
and had had no opportunity to volunteer or decline perticl-
pation in the study.

A number of these persons belonged to famllies where one

member hed already attended the physical examination clinic,

W
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end had presumably been plensed by thelr experience. It was

.D

therefore declded that an initial personal letter would be

written to the "evaluees" who had attended for physical exanin
atlion, asking thelr help in persuading the restcof the family to
attend for screening. In those families without an evaluce,

the initial explanatory letiter was addressed to the head of

the household. This first letter, individually typeld and signed
by hand, was malled four weelis before the appointment date

Tor the members of the famlly to come for screening. It was
accompnanied by a pamphlet (Appendix A) which explained the
purpose of multiple screening. Speclal letters were written

to sult situations where evaluees were too young to have a
persuasive influence or had refused to accept the physical
examlnation.

Two weeks later, the letter of invitation was mailed to
the head of the household. This personal letter was again
accompanied by a pamphlet (Appendix B) desipgned to overcome
any last-minute fears concerning the procedure. Appointment
cards (Appendix C) were enclosed for each member of the family.
Each individual was able to change the appointment time if
desired, and stamped-addressed postcards were included Tor
this purpose.

General Publicity.

It was decided not to have a vigorous general publicity

campaign, wailch might atiract large nuubers of persons wio

study. Just before the clinlc
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were not part of the




local sectlions of the city.

The October 1954 issue of the Baltimore Health News,
widely dlstributed to physicians and lay persons linterested
in the health problems of the city, was mainly devoted to &
description of the séreening program to begin on that month
(Roberts, 1954). The Haryland State Medical Journal, in 1%s
October issue which went to the majority of practicing rhysi-
clans in Baltimore, included a more technical article on the
multinle screening step (Roberts and Wylle, 1954). Reprints
of this article were sent to each physlclan when he received
hls Tirst reports from the screening clinic. |

Manual of Procedures

A comprehensive manual cf procedures was developéd to
describe all the steps which had to be talen, from thne time
the first letter of invitation was mailed to obtalning the
final follow-up diﬁgnosis fron the family doctor. This manual
included copies of all letters to be used, a detailed descrin-

tion of the necessarlily complicated filing system used to keep

)

track of the individual's vrogress through the screening piro-

o

cedure, and instructions on how to carry out the individual
screening tests (Commission on Chronic Illness, 1954b).
The Clinic Location

-

by the Horyland

o

In August 1954, it was declded to accept the offer made
t

ate fealih Deparitment of its audi

163

named Dennett Holl. This air-conditloned hall, with an



adjacent corridor which could also be uced as clinic spacce,

.

nade & total available area of 2,300 scuare feet. This location

- -

ad some parking facilities,and had an elevator avallable for

ry

persons who were unable to climb the two flights of stalrs.
Adequate lavatory facilitles were located just outside the
nall.
The Personnel
Two public health nurses, wiio were to do much of the
clinic administrative work, and a clerical supervisor tooi

pert in the immediate preparatlons. Eighteen typlsts, chosen

o3

because of pleasant personality and appearance, started &
trainlng period nine daye before a trial run of the clinic
was scheduled. This training veriod had been planned to ori-
entate the workers in the purposes of the clinlc, and to teach
them how to do some of the tests.

The more Aifficult tests were taught to the two nursecs,
and to four typisie whose & bllities appeared well above averase.

4

At the end of this brief orilentation period, all the workers
knew a little about each test. Several knew a lot about one
specific test which would be thelr initial assignment when the
clinic began. All were able to give intelligent answers Uo

the screenees' questions about the clinic. Perhaps best of all,
he clinic workers had developed a liking for each other cnd

a sympathy with the »urpose of the study.

The Clinlc Arrangement.
Curtained exhlbition booths were lnstalled two doyes before

S

12l trial run. The leocation of these booths and the

u.

the Inl



general orrongenent of the clinic are shown on the plan over-

leaf. The hearing test woas carried out in a soundproof booth

The tests were c&rr;ed out in the following order:
Helght and weight) .
) while taking a glucose drink.

Questionary

Dental examination. This required the continuous presence of
a2 dentist, supplied mainly by the United States Fublic
Health Service. It was included becuuce o; tne CO“JLS—

sion's interest in the prevalence of dental conditlion

It was not otrﬂctlv regarded as one of the screening

testg.
ix-lead electwocur ) oth taken in the same booth vhile
lood pressure ) the person was lying down.

Vigual acuilty test, using the American Optilcal Company Sight
Screener.
Aucdiometric sweep-check hearing test.

70 mm. chest x-ray.

~

0linitest and Bumintest for urine sugar and albumlin respectively.

Copper sulphate specific gravity test for "anaemia

Serologlcal test fbr*svnhills. : : f

Wil rergon-Heftmann test for true blood glucose content using

i

Lle Clinltron.
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PROBLENS OF CLINIC ADMIIIISTRATION

The Appointment Procedure

It was believed that the clinic could take care of one
person every five minutes, since that was the time within
which each test could be carried out. Two booths had been
installed on the first day for talking the electrocardiograns
and blood pressures, since this double procedure was likely
to take almost twice as long as the other tests.

It was not feasible to have a clinic, running at full
schedule and with screences in every testing bobth, close down
completely for lumch. It was thercfore arranged that approint-
mente during the lunch hour would be scheduled every ten minutes,
with half of the clinic workers eating during the filrst half
hour and the remainder during the second half. Those not eating
would carry out two tests instead of their usual one.

In the morning, each employee began work &% a time shortly
before the filrst screence was expected to arrive at her testing

staetlon. She had a corresponding time, eight hours later, lor

()

inishing in the afternoon.
The Trial Run
Sixty-four city nealth department workers acted as
"screenees' during a trial run held on October 1, 1954. A number

of technical defects were corrected as a result of this valuable

-

oy

s

experience. The two persistent Dottlenecks were corrected
installing 2 third ECG booth, and by rearranging the blood

booth so that two "blood takers" could comfortably work at



the same time. In the second and third weelk of the clinic,
two persons with experience in taking blood became available,
ending the bersonnel difficulties in the blood station. The
difficulty with the chest x-rays, which were quite unsatis-
factory durlng the trial run, was overcome when a tralned
radlographer was emnployed several weeks after the clinic began.
Choice of "Personal Physician"

Tach screenee wag @uued to write down on the questionary
the name and address of the physiclan to whom the results
should be sent. About 20 per cent of the screenees did not

have a definite family physiclan. These persons were asked to

Q(/l
k-

ct

choose one from a list of Baltimore physicians taken from the

)

telephone directory. A small number dld not make this cholce
until they had returned home and discussed the problem with
their friends and famlly. A significant number of the posi-
tive screenees were followed-upn by vhysicians whonm they had
not previously vislited.
Courteous Treatment of the Screence.

During the screenee's visit to the clinic, he was treated

with utmost courtesy and introduced to each techniclan on

m

arrival at the new testing station. This produced a friendly
and relaxed atmosvhere which received much favourable comment
from the screeness. It may heve been the deciding factor in
many instences when one member of the famlly vilisited the clinic
to "spy out the lend", ond returned home to persuade the rest
of the members to come.

The screenins test resulis were recordsd in code foru



on the appointment card which the screence carried with hin.
Cnce the blood sugar had been taken, he walted an additional
ten minutes for the blood sugar result, and was then interviewed
by one ¢ the two public health nurses before leaving. All the
resultes, apart from the ECG reading, chest x-ray and STS, were
thus avallable to the nurse during the interview.
The Nursing Interview

The primary purpose of the interview was to prepare the
screenee, in so far as was possible, for the type of follow-up
letter he was 1likely to recélve three or four weeks later.
The secondary purposes were to satlsfy any questions the screence
might have about the procedure and results, to see 1f he could
heln persuade any other invited members of his family to attend,
and to try to ensure that no grossly evident conditions were
present which could not be detected by the screening procedure.

The interviews, taking from flve to ten minutes, appeared
to be very satisfying to the screences. Almost all of them
left feeling that thelr guestions had been satisfiled, and thatl
if their letter advised them to visit thelr personal paysiclan,
they would be well advised to do so. As was expected, many
screenees with emotional problems took advantage of the inter-
view to bring their worries out into the open.

In brief, the interviews seemed helpful, not only in

improving public relations, but also in reducing the need for

1

e screenees to visit their
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body of the personal invitation letter, and the name and addrecs
were typed by hand. This personal apvnroach had been planned

in the belief that mimeographed letters would be largely
ignored by the persons receiving them.

Meny difficulties prevented the scheme from working effi-
ciently. There was some delay in sending the names and addressec
to the mailing firm. This firm found that the large amount
of work involved prevented them from keeping up to the arranged
schedule.

Attendance was very low during the first two weeks.‘About
the third week, 1t was discovered that many individuals were
receiving the invitation letters jJjust before the invitation
date, and in some cases after that date had passed.

During the next week, while attempts were being made to
spead up the process, it was decided to allow volunteers Ifrom
the general population to f£ill in gaps in the clinic schedule.
Even with this alteration, however, the clinlc was operating
at about one-third of its full capacity for long periods of
time. B8ince the expense of the clinic was malnly involved in
salaries, this greatly increased the apparent cost of screening
each person.

The pamphlets which accompanied the personal letters,
generally agreed to be attractive and simple by the health
educators who criticised them, were not found to be univers-
2lly helpful. Indeed, a number of screences coming in at 2
later date commented that whenever they saw a pamphlet, they

tore up the letter believing it to be an appeal For funds.

=
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All persocns who falled to respond to the original invi-
tation recelved a amimeograrzhed letter of invitation at a later
date. This letter was sent by a second mailing firm which also,
at one period of several days, got so far behind with the pro-
cedure that the letters were arriving after the appointment
date.

Those persons who falled to respond to the mimeograpihed
letter were contacted by phone 1f they had a phone. The calls
were made by typlsts with pleasant televhone personalitiles,
who were briefed on all the awkward questions which were likely
to be agked. A significant improvement 1n response to the last
letter of invitatlon occurred when the screenees were phoned
to remind them of their appointment date. Those individuals
who did not have & phone were visited at home by five home
interviewers, four of whom had taken part in the initial home
interviewing step in this study.

Arrangements were made with a local taxl company to pay
for transporting persons who regarded this problem as being
the main barrier to their attendance. This group turned outl
to be very small in number.

General publicity wae lncreased about the fourth weelk,
and included a somewhat sensationalised newspaper article.

This article resulted in several hundred phone calls and letters

ample belng studied, who wished to

<

U]

from personsg, not in the

ho dld not appear. Screenees attend-

-t

be substituted Tor those

ing at o later date specifically mentioned this article, however,

)

ag the first time they had noticed any mentlon of the clinic,

R
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end &g the article which arocused thelr interest in the procedur:

About the Tifth to elshth weeke of the cliniec, one radio
and four television programs, all aimed at the housewives of
Baltimore, devoted part of their programs to discussing the
clinlc. While many screenees commented that they had seen one
of these programs, 1t is not known whether they helped deliver
a signlficant number of persons.

Mimeographed Versus Ind 11y Typed Letters.

During two days in the elghth week of the clinic, 61

families, involving 117 individuals, were iavited 1in by the

usual typed letter. At the same time, 30 families, involving

N

1 individuals, were invited in by an ildentical letter, excent
that it was mimeographed instead of individually typed. (This
experinent was devised and supervised by Dr. Herbert Caron

of the United States Public Health Servicé, end by Mr Dean
Krueger of the Commlission on Chronic Illness, by whose kind
permission these resultc are guoted).

The two groupne of invitees were chosen at random, and
were belleved to be falirly similar in all respects likely to
affect their response to lnvitation. Members of both groups
who did not respond to the Tirst lnvitation recelved the routinre
secondary versuasive effort -- second mimeographed letter, of

invitation, phone call or home vislt.

Lettor Tumber of Percent of ITumber of Percent of
Used Pamilies Familics Individuels Individuals |
. LLoending Attending

r

gT:pc 1 Eéﬁ 117 277

1

Limgorporled | 3 477 51 203




The attendance of the two grouns is showm in the precesdliny
table. A Tamily is regorded ag haviag resvonded when any onc
member attended for screening. 27 ger cent of the individuals
recelving the typed letters ultimately attended for screening.
(This is closely similar to ‘the attendance of the total 6,957
invitees, of whom 29 psr cent responded). Contrary to expectation,
there was a greater response of 39 per cent of those persons
receiving the mimeographed letter.

This difference does not Justify the statement that the
mimeograrhed letter was significantly more effective than the
tyred letter. It does appear reasonable to say, however, that
the nimeographed letter was not markedly less effective.than
the typed letter. Since $1,556.00 was spent in this study on
the invitation letters, and since the typed letter wzs twlce
a8 expenslive as the mimeographed letter, thls matter should
certalinly recelve furtiher study.

In discussing this result, Caron (1955) suggests:

"Since a mimeograpyhed latter is probabiy interpretéd by
mwost respondents as less direct and personal than a typed latter,
the recipient of a mimeocgraphed letter may be less likely to
feel himself as 'singled out' for direct contact. The individual
who perceives himself as 'siﬁgled out' may be more prone to
perceive the letter in terms of 'promotional literature'

verhaves the typed letter (more than the

i< Py

"In addition,
nixeopranhed) suggests that money has been lnvested and will

nave to e regained in some Torm.

"A mimeograrhed letter may also suggest a lengthy and



anonymous list of recipients (more than with o typed'lettef).
Individuals desiring a health examinoatlon, but also desiring
enonymity for any reason, may feel more reassufed in responding
to the mimeographed letter..."
The Clinic Morale

The nine day period of Zndoctrination of the cliﬁic workers
resulted in a remarkable amount of enthusizsm for the Jjob.
The most morale-straining periods occurred when the invitation

procedure was in difficulties and attendance was poor. The

workers, with much falth in the value of the clinlec, were

(o]

guite disappointed at the apparent lack of public interest.

Because all of them had typihg experience, however, it
wes poessible to keep most of them falrly well occupled during
the slack periode. The weekly staff conference, attended by
all the clerical and technical workers, appeared to help
greatly in vreventing the sagging of the morale. At these
meetings, which sometiﬁes were only ten minutes long when screen-
ees were still in the process of golng through, the latest
problems of the clinic were discussed. Hany of the workers
had useful suggestlons on how the procedures could be improved,
and these improvements were often carried out on the following
day. The meetlings were quite informal, were partlclpated in
by all members of the staff, and.appeared to result in quite
a marized unlift in the morale on the following day.

Personnel Reguirements.
+

The maximum number of personnel used at any one uvine was

ag follows:



-

clerk-typlsts; 10 untrained techniclsns; 3 trained techniciong;

\0

"phone-callers"; 5 home interviewers; 2 public health nurses;
clerical supervisor; 1 physician; 1 part time janitor.
Physiclan Time Involved

A physlician was constantly present during the clinic ses-
sions. If the program had been continuous, however, 1t is
likely that a public heélth nurse would have taken over much
of his work. Professionai time was also involved in interpret-
ing the ECG and chest x-ray. No time studies were carried out,
wut 1t 1= known that these readings occupied the physicians

for only a small proportion of each day.

REFERENCE
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THE CHARACTERISTICS OF THE SCREENZEES

3\

The Commission invited &
This group consisted of those persons in the original sample
of 11,500 who had not been selected to take part in the evalu-
ation procedure (Step 2) and who were 17 years and over. The
minimum age of 17 years was selected for two reasons:
1. The prevalence of the conditions at which the tests were
ailmed was likely to be quite low in those under 17 years.
2. Multiple screening appeared less necessary and less sultable
for those under 17 years, since well-baby and preschool
clinice and school health programs usually cére for their

health needs in the United States.

Table 1 - Screenses Classilfied by Age, Race and Sex.

Age in 1 TOTAL l/’ WHITE NON-WHITE §
Both Both | Both \
Years Sexeg Male Female| Sexes Male FemaleiSexes Male Fem']c

All ages 2024 922 1086 (1562 734 828 | 429 177 252

H

FPercent distribution 2/

411 2ges [100.0 100.0 100.0/100.0 100.0 100.0 |100.0 100.0 100.0

o e
17-24 11.0 2.5 12.2 G4 8.4 10.5 1 17.0 14.7 10.@
|
25-34 25.0 23.2 26.6) 24.1 21.4 26.4, 28.4 30.5 27.0
| | |
35-44 F27.5 29.8 25.44 28.6 321.6 25.5 ! 24.0 23.7 24.%
E b
45-54  118.5 19.0 18.11 19.0 19.3 18.6 {16.8 16.4 17.1
| | |
55-64  {11.5 12.3 10.9}12.2 13.2 11.4; 8.9 8.5 9.1
: : f j
©8B-T4 5.4 5.0 5.2 5.7 4.9 6.4 4,0 4.5 3.6
! : i
‘ : H !
75or over = 1.1 1.2 1.0. 1.1 1.1 1.1, C.2 1.7 0.4
1/ Includes 33 persons with 2pe, sex or race unkrnown
2/ Zxcludes those of unknowm age.

, 967 persons to attend for screenin:

g;'
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Thils chapter will describe the age, sex and raclal
characterigtics of the screences. Thelr characteristics will

be compared with those of the Baltlmore populatlon and with
thosge of the total group invitéd to &ttend for screening.

Table 1 shows the age, sex and racial classification of the
persons screened.

Ace. Fifty-two per cent of the screences were between the ages
of 25-44 years.

Sex. Fifty-four per cent of the screences were women. The Women
were élr"ﬂtlv younger than the men, 39 per cent belng under

d with 33 per cent of the men. White
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screenees had a lower proportlon of women -- 53 per cent

compared with 59 per cent among the non-white screences.

Race. The non-white screenees were younger than the whilte

screenees. Forty-five per cent of the non-whlte screenees were

under 35 years compared to 34 per cent of the white screeneces.
Terle 2 of this chanter compares the agerahd'racial

characteristics of the screenees with thooe of the Baltimore

W

population. In general, the screenees were younger than the
Baltimore poﬁul&tiOﬁ, largely due to the greater attendance
of white screenees of 44 years and younper. There was relatively
little difference in the age distributions of the non-white
screenees and the non-white porulation of Baltimore.

Tanle 2 of thils charter shows the vercentage of those
invited who attended the clinmic. In ceneral, the proporticn o
white invitees attending reacnced o moximun i1n the 35-44 yoor

s 34 LI ? < [l e SRR T mom s RmATY O
age group, falling cteadily inm the younger and oller age ([Ioult.
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Tulle 2 - Conparison of Age ond Re 2l Cheracteristics of
screences ond Zeltlmore Powulotion {Fercent
Distribution)

Wee 1n BALTIMORE POFPULATION 1/ SCREENEES 2/ i

Non- Fercent Non- Percent |

Lears Total White White non-white| Total White White non-wihite

A1l ages {100.0 100.0 100.0 24.4 100.0 100.0 100.0 21.6

s

5 . i

: 17-24 13.2 12.6 5.4 28.2 11.0 9.4 17.0 32.2

| 25-34 23.4 22.3 27.0 28.1 . 25.0 24.1 28.4 24.4

‘ j i

! ! i

{ 3544 21.7 2.8 24.4 27.5 i 27.5 28.6 24.0 15,7

4554 13.0 18.1 17.7 24.0 ! 18.5 19.0 16.8 10,

i 55-64 12.9 14.1 a.2 174 11.5 1l1l2.2 8.9 16.5

i ; -

; 65-74 P 7.5 .4 4.6 14.9 5.4 5.7 4.0 15.5

75 or over | 3.3 3.6 1.3 13.7 1.1 1.1 0.9 18.2

i ;

1/ Population July 1, 1954, as estimated Ly the Baltimore City

iealth Department. 2/ Excludes unknown race.

Table 3 -~ Fercentage of Invitees who attended the Screening
Clinic, by Age, Sex and Race.
Ace in . . T T M
TOTAL WHITE NON-WHITE

ke s Total lMale Female| Total Male Femalel Total Male Female

Lears

A1l ages |29.1 28.7 29.3 |30.2 30.7 29.8 {24.5 21.56 25.9
17-24 21.7 22.0 21.6 [20.4 21.8 19.5 |25.1 22.4 26.9
25-72 30.8 28.2 33.1 !33.2 29.2 36.9 [24.3 24,2 24,4
35-44 35.0 35.4 34.5 138.7 40.3 37.1 {24.2 20.8 27.4
4554 29.9 28.0 31.8 |30.7 29.6 31.9 {25.4 19.9 31.4
55-64 27.6 29.0 26.3 {23.1 31.7 25.2 {23.9 13.1 30.3

| 65-74  123.5 23.5 23.5 |23.2 22.6 23.7 121.2 21.6 20.0

75 or over;l12.2 17.2 9.4 '10.8 14.8 8.7 '16.7 30.0 7.1

-

iDL,



There were no consistent differences in the attendance
of white wmen and women. Non-white women had & better attendonce
than non-white men. The improved attendance of the white group
was much more marked in the men than in the women.
Summary
The invitation procedure used in the Baltimore clinic

produced a better response in white than in non-white persons,

and in those aged ?5 to SA_years inclusively than in those

2 0

below and above"this age'rahge.
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SUMMARY OF RESULTS OF THE BALTIMCRE CLINIC

Tnis chapter will briefly present the results of the
screening tests, to be followed by a detailed presentation

and discussion of the resulis in Section € of this thesis.

Teble 1 - Screences Glassified by the Number of "Abnormalities"

Found.
% Percent of
§ Total with
‘Number | Total major
| screened abnormality
Total persons screened §2024 100.0 E
No abnormalitles % T43 36.7 é
"Minor" abnormalities only | 629 31.1 %
One or more ”major"Aabnormalities 652 32,2 1.00.C i
One major abnormality - 434 21.4 66.6 :
Two major abnormalities 140 | 6.9 21.5 ?
Three major abnormallties 55 | 22.7’ 8.4 %
; Four or more major abnormalities i 23 3 1.1 3.5 j

Thirty-seven per cent of all screenees had no abnormal
test results, as shown in Table 1. An additional 31 per cent

g 'minor ebnormalities' only. These

[

were regarded as havir
persong had voglitive results only in the tests for obesity,
hearing, vision or glycosuria (without hyperglycaemia). Thirty-
two per cent of‘the screenees falled 1n one or more of the
remoining teste. OF these latter 652 persong, 45 had answered
In the questionary that they were already aware of the con-

dition at which the posgitive test was aimed. The remalning
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ldvale were asked to visit their famlly nhysicianc

}..‘.

.

for Turther advice.

To obtain the follow-up results, the staff got in contact
with the 007 screenees by mail, or by phone or home visit when
necessary, to find out if they had visited their“physicians.
Sixty-five per cent (393) reported that they had consulted
tneir physlclans about the results. In turn, the phy81clans
of these 393 individuals were contacted. The necessary Iinfor-
mation was obtalined, by mall or by phone, from the physiclans
of 351 of the referrals. |

Tables 2 and 3 of this chapter summarise the results of
the screening tests and of the follow-up procedure. The number
of persons taking each test is not constant (column 1), since
one of the tests was sometimes not done on an individual or
the result was unsatisfactory for various reasons. For lnstance,
o considerable proportioncof unsatisfactory chest x-rays in
the early weeks of the clinic resulted in a smaller number
of screenees completing this test. A number falled to answer

both questions regarding symptoms of "heart diseas8". A small

2

number of persons did not wish to take the urine or>blood tests.
The remaining tests were completed in a high proportion of
screenees. |

When the screenee marked on the screenin g questionury
thet he knew he had the condition at which the test was aimed,
the nosi+tilve result was claseifled as previously known. When

tire resullt was

classificd as vreviously wnlmown {coluan Z) end the screecuce



Tevle 2 - Summary of the Screening Test Results and of the
Follow-up FProcedure

! 1 POSITIVE RESULTS CONDITION CCMNFIRMLD
! ( T » Follow-up . 1
| Condition %Persons : Previouslyicompleted o Previously
I for walchr (screened Total unknown to with Total unknown to |
- sereened ! screenee |physiclian - physlclon
; L (1) L (2) (%) (4) (5) (&)
gnypertensioq 2021 i 150 67 41 37 11
Teart Dis. .? s
‘ (ECGI})l . 2020 247 194 » 128 | 43 : 16
Teoert Dis. | o i | : o

(X-ray) L 17eT 1182 155 67 29 8
fleart Dis. | :
(Question- | 1898 113 78 42 17 5

ary) E L
Heart Dis. | i ‘ ,
: H 2 1 /] . 27 H
Tuberculosis 1767 = 34 28 16 2 2 j
Other Chest | 1767 . 64 50 17 2 1 5
Troteinuria | 1946 ? 88 79 27 2 2 '

} i \

Dizbetes . 1916 15 14 | 9 5 4
Ancenia . 1980 32 29 13 . 8 7
Syphilis . 1949 1 53 * | 14 4 1
ol . : 5021 5106 abnormal, and previously unaware

besLty i | of condition
Inmpaired : . D eza o
7ision % 2006 §3)O abnormal
Impalred ? o016 | 76 abnormal, and previously unaware
Hearing ] ° of condition

3 is.
Mote: Column (1) excludes persons not receiving a test and those
for whom & test result was unsatisfactory.

*3creenses were not asked 1T they already knew they had syphil



Table 3 - Summary of the Screening Test Results and of the
Follow-up Procedure, expressed in Rates per 1,000
persconsg screened.

Rate per 1,000 persons screened

POSITIVE RESULTS CONDITION CC FIWL_D
z ! ! Foliow-up
. Condition ’Perso“u ; Previously completed Previously
- for which iscreened Total unknown to with . Total wunknowa to
. screened g | screenee physiclan ! physiclen
| (3 (2) (3) (4) (5) (&)
f“duvrteﬂ81on 1000 © T4 33 20 15 5
L t Dis. I
‘*C,ﬁcg)l . 1000 | 122 96 63 21 8
SORIT O3S 1000 103 38 38 1 16 5
Q;Cgu~b Dl : ' . - { f
(Qbestlon— 1000 | 60 41 22 ' 9 3
"‘“J;
Heart Dis. E
(3 tests) | 1000 relz 177 86 33 11
Tuberculosig 1000 | 19 16 9 1 1
Other Chest | 1000 | 36 28 10 1 1
Froteinuria = 1000 45 1 19 1 1
Disbetes 1000 = 8 7 5 1 3 2
Angenia 1000 | 16 15 7 & 4
Syphilis . 1000 27 # § 7 2 1
bbesity . 1000 % 52 abnormal, and previously unaware
: s ; ; of condition
%?g;égea 1000 264 abnormal
Impaired ; 1000 % 27 abnormal, and previously unaware
fearing LT : of condition

W oScreences vwere not asgked 1T thery already knew they ha
Fote: Column (1) excludes perszons not recsiving z tes
for whom o test result was ansatis;actory.

<1
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or diagnostlc examination. However, the paysliclons

sutseguently stated that 2 considerakle wrovortion of the

confirmed cases were previously known to them. All conditilouns
classified (in column 6) as previously unknown were clearly
and definitélv stated by the physiclans to be so.

The marked conflict netween the statements of the screenec
and the phfsicianston'whether the conditions were previously
knovn has three possivle explanations:

1. The screenee may not have been told by the physician thet
the condition was rresent, or may have misunderstood who
the vphysician had seid.

2. The screenee may heve known of the condition, but have
failed to mark it on the screening cquestionary.

%. The physician may have misinterpreted the guestionary malled
to him, and have mistakenly marke ghe condition as pre-
viously known when, in fact, 1t was previously unknown.

Whatever the true explanation, however, the physicilans'
replies were used to classify the confirmed conditlions and
to determine the %yield" of each test in terms of previoucly

Lodld

unknewn, confirmed cases (column 6).
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SCRESUING FOR DIARDTES MILLITUS

AT autopsy cases ol diabetes mellitus freguently, but not
invariably show hydropic degeneration in the beta cells of the
islets of Langerhans. Animal experiments have shown (Copp end
Barclay, 1923; Lukens and Dohan, 1940; Lukens et al, 1943)
that control of thehdiabetes prevents this progresslive change
in the cells, and that cells which already show this change
can be rescued by controlling diabetes with insulin and dlet.
Lukens et al.(1943) believe that the hyperglycaemla is respon-
sible for the degenerative changes in the 1slets.

Allen (1952) holds that the results of such studies are
comparable with the progressive worsening of the human case
of diabetes which frequently occurs when the disease 1s un-
controlled. Ze states that diabetes progresses as long as the
blood suger remains high, even without glycosuria.

At present the treatment of diabetes begins too late to
expect restoration of the pancreatlic islet functions, states
Wilder (1948). Both he and Wilkerson et al. (1949, 1955) be-
lieve that treatment is most effective when begun at the very
onset of the disease.

The cardlovaqc 1lar-renal complications of diabetes show
a definite correlation with the duration of the disease (Park-
hurst and Betsch, 1955), but are less well correlated‘with

its lack of control (Rickets, 1954). Dolger (1947) comments

that these changes may be an essential element 1n ths diseace
and independent of 1ts tre&tment. Collens (1954) sugcests



thaet the complicatlons may occur because an 1o .ency
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ulin defic]
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le only a part of the dlatetic syndrcme, in which other en-

6]

zymatic and endocrine facétors play a role. However, Dunlop's
(1954) studies 1n Edinburgh suggest -- although the evidence
1s not conclusive -- that aggressively treating the disorder

le most lmportant in preventing or postponing these compll-

Degeneratlive chnanges are occasionally present when dia-
setes is first discovered (Ditzel and Sagild, 1954). This
finding suggests that a long presymptomatic period of hyper-
glycaemia may be the cause of the complicaticns under strictl
control (Parkhurst and Betsch, 1955). Until follow-up studies
are made on diabetics found in the early stage by detection
clinice, thils possibility cannot be conTirmed or denied.

Conflicting Philosophies of Treatment.

As a result of the fallure to prove conclusively that
strict control of diabetes is essential, the "free diet" method
of trestment has gained some popularity. Tolstoi (1953; Tolstol
et al, 19%9,; 1950) popularised this method in the United States

n 1940, and enumerated his criteria for adeguate control

*..lo

follows:
Bliminate all symptoms of diabetes.

1
2. lMaintain or increase weight.

3. Strictly 0id ketonuria.
t. Disregard glycosuria.
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Dlavetlic peatients in the presymptomatic sarly stage alreody

fulfill the therapeutic alns of this method. These person

43}

are therefore unlikely to benefit by their early referral to

further.

Probably the majority of physicians in the United States
adhere more closely to Joslin's (1952) "regulated diet" method
of treatment, which aims at kéeping'the urine sugar-free for
much, 1f not all of the time. This school recommends the early
detection and vigorous treatment of diabetes, using carefully
regulated diet and insulin dosage.

The Prediabetic State

The potential diabetic has been described by Joslin (1952)
as a person whose glycosuria 1s closely related to the dlet,
and wno easily becomes sugar-free with slight dletary restric-
tions. The blood sugar values are slightly below the arblitrary
values set for diagnosing diabetes.

At present there ig no evidence that the potential dla-
betic will inevitably develop diabetes or even that he ls
likeiy to do so. Indeed, there is no general agreement that

prediabetic state exists. However, Jackson (1955) goes so

)

far as to suggest that in the prediabetic state the dlsorder
which will eventually lezd to hyperglycaemla 1is already maling
itsel? known. He feels that the conditioneshould also be called
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ease 1s already there,
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dlebetes", on the basis

with its vascular changes and other possible complications.
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Glycosurla without Hyperglycaemia.

cases of

Hly

Joslin (1952) has stated that ten per cent o
low remal threshold glycosurla eventually become true diabetics.
Cther clinicians frequently quote this statement, although
there are no extensive follow-up studies to support it.

Low renal threshold glycosuria (Joslin, 1952) needs no

reatment. Until there 1s more definite evidence that such
persons are potential diavetics, there is no valld reason why
dlabetes detection clinics should refer them to their family
rhysiclans.
Glycosuria in Pregnancy.

Glvcosuria 1s

H

airly common in pregnancy (Cantarow and
Trumper, 1955), the freguency varying from 5 to 40 per cent.
This giyoosuria is not usually associated with hyperglycaenmisa
Bodansky, 1952), and 1s apparently not an indication for treat-
ment. However,kscreéning clinics should refer to their personal
ohysicians all pregnant women with hyperglycaemla as well as
glycosuria.
Hyperglycaemia in the Elderly

A raised blood sugar without glycosurila, due to a high
renal threshold, 1s more common in older persons and does nol
warrent the diagnosis of diabetes (Joslin, 1952; Wagner, 1955).
Glucose tolerance tests of elderly subjects (Deren, 1937;
Chesrow and Zleyer, 1854) show & delayed pealk and prolongation
of tre curve, frequently accompanied by a higa renal tiwreshold

sereening levels Ior persons over 60 years seern 1ndi-

ES

letection wrozrozms to avoid referring Tco
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neny folee pogitives. This procedure was not carried out, how-
cver, in the Baltinore clinlc.
Other Factors Affectlng Blood Sugar Values

Loughlin et al.(l§43) state that the tourniquet used in
ccllecting venous blood produces immediate and significant
differences in the venous blood sugar, amounting to® 20 or 25 mg.
rer cent. The evidence for this finding, however, 1is not con-
vineing.

Mosenthal (1947) states that menstruation 1s accompanied
by lowered glucose tolerance. There are not sufficient data,
however, to suggest that diabetes screening levels should be
changed for menstruating women.

Diabetes and Obesity

"Cbesity has a deleterious effect on carbohydrate meta-
bolism and appears to impair glucose tolerance even in non-
diabetics. The longer the duration of the obesity, the greater
is this impairment." (Wolfson, 1954). A number of studies confirm
this association (Mattison, 1955). Contradictory opinions are
held, however, on the success of welght reduction in lmproving
the status of obese diabetics (Newburgh end Conn,1939; Richard-
son, 1953).

The familial tendency to diaketes is well established
(Pincus and White, 1952); The possibility that obesity may
malze manifest a2 latent diabetic tendency would suggest that

n persons witih close
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diabetic relatives. Wilkerson et al. (1955) recommend that any
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conmunity-wide dilakbetes detection progranm should include steclal
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2lood Sugar Preservation

inzymes vresent in blood cause the glucose to disappear
at an approximate rate of five per cent per hour at room tem-
perature (Sunderman, 1951). The most promising agent for in-
hititing the a2ction of these enzymes is a comblnation of 1 mg.
of thymol with 10 mg. of sodium fluoride per millilitre of
whole blood (Sender, 1923). This preservative permits specimens
to e stored or shipped for periods up to 96 hours without
showing any significant change in glucose content (Bowmen and
Enterline, 1954). It 1s thus quite feasible for dlabetes detec-
tion clinics to be held &ome distance away from the polnt at
which the blood glucose estimations are belng carried out.

Capillary versus Venous Blood

The use of caplllary blood ian dlabetes screening programs
has several advantages. Persons capable of doing venipunctures
are not needed. No container ls needed for the blood, which
is taken directly into the measuring pipette. The practilcal
disadvantages are that thefre 1s no reserve of blood to repeat
the test if the first estimation is not successful, or to carry
out additional tests for anaemia and syphilis.

Wilkerson et al. (1955) favour the use of venous blood
in diabetes screening, "since 1t is less variable, and the
resulte obtained are easily lnterpreted and more readily accepted"
in the United States. Zven more important is the fact that
venous blood gluccse values taken after ingestlon of food or

glucose show much greater differences between dlabetlc persons

Ty



and non diabetics than do capillary blood values (Cantarow
end Trumper, 1955). The use of venous blood in screening for
diabetes wlll therefore improve the specificity of the test.
Advantage of True Glucdse Values

The Folin and Wu method, or its modifications, is - the
most commonly used blood sugar test. This procedure measures
the total reducing substances in the blood -- glucose plus
variable amounts of glutethione, fructose, cysteine, ergo-
thioneine, creatinine and other undetermined materials. Although
these materlals were believed to give a falrly constant figure
of 20-30 mg. per cent (Todd et al.,1953), there is evidence
that they may vary from one mg. per cent to over 70 mg. per
cent (Haunz and Keranen, 1950; Mosenthal and Barry, 1946),
and that they may not be constant even 1n the same person fron
hour to hour.

lLarge amounts of these substances may therefore cause
non diabetic persons to have Folin and Wu values in the dlabetlc
range. The specificity of the blood glucose screening test
will be improved by using a procedure waich does not measure
non glucose reducing substances. Cne of these "true glucose"
teets is the Wilkerson-Hefimann test (Wilkerson and Heftmann,
1948), which was used in the Baltimore clinic.

Problemes in Diagnosing Diabetes

in the United States do not agree on

o8

Leading clinlclan
several pointe in the diegnosis of diabetes. Joslin (1952)
believes that glycosuria muct be present, but not necessarily

persistent, for the diagnosis tc be made. This recommendation

2N
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Tollowed in the Baltimore clinic, where all screences
referred as "probable diabetics" were required to nave glycos-
urle in additlon to positive blood sugar tests. It was reagoned
that even intermittent glycosuria wasg likely to show up follew-
ing the ingestion of 50 gm. glucose on arrival at the elinic.

In retrospect, this decision may have caused several dio-
betics with high renal thresholds to be missed because of
Begative urines. Duncan (1951) and Wilkerson et al. (1955)
believe that glycosuria need not be present for a diagnosis

T diabetes to be made.

Glinicians also differ on the blood sugar values which
are dlagnostic of diabetes. This difference of opinilon increoses
the problem of determining the most suitable value to use in
screening for this conditlon.

Bondy (1955) has commented that "the diagnosis of dia-
betes cannoﬁ be discarded until a normal zlucose tolerance
tezt has been obtalned, nor can it be consldered established
unless either a considerably elevated fasting blood glucose
or an abnormal response to the glucose tolerance test has been
found." However, the personal physlcians to whom positive
screences are referred in the United States do not usually
carry out this recommendation. McLoughlin et al., {1953) found

that of 443 screences dingnosed as having no disease, 8ix had

et
glucose tolerance tests and 162 had fasting blood sugar testro.
The remaining 275 hed been rulsd out by urinalysis and "elinlc
judcenment. " It would apmear that meny physiclaons are elthex
not owsre of, or do not agree with Joslin's (1952) statement
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can be Ditesent in the absence of symntoms znd
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clinical signs. Bimilarly inadequate diagnostic examinations
nave been shown to occur in Washington, D.C. (Loube and Alpert,
1954) .

lKcLoughlin et al. (1953) suggest that instructions in
the proper method of diagnosig of dlabetes me}litus should
be included in informatlion sent to physicions when patients
are referred. Femlly physiclans are not 1ikely'to'WelCOme'Bﬂch
a stern, however. An zlternative vlan mey be for the screeniv
agency, with the approval of the local vphysiclilans, to make

tixe necessary diagnostic examination before the referral is

Fasting Zlood Glucose Values
Blood glucbse levels of 13C mg. per cent (Folin and Wu)
or 110 mg. per cent (true glucose) are frequently regarded as
diagnostic of diabetes in persons.who have not eaten Tor twglve
s (Cantarow eand Trumper, 1955). However, many mild
diabetics have normal fasting values, and would be missed 1T
Tasting values were used in screening (Joslin, 1952; Cantarow
and Trumper, 1955; Mosenthal and Barry, 1946).
Post Prandial Blood Glucose Values
Diabetics show a greater rise in post prandial blood suga
levels than non‘diabetic versons. It is wise to use higher

sroons who heve eaten within two hours

2
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screenliic levels

oy e
then for those beyond two hours (Wilkerson et 2l.,1955; Kenny

-

and Chute, 1953). Willkerson et 21.(1955) sugzest that sereening

4 1

versons beyond two hours after eating is lces efficlent thouo



screeniny those within two hours post vrandially.

The varlation in quantity and quality of food eaten, and
the unrellablility of the time stated to have elapsed since
eating will result in a considerable overlap in the post pran-
dial values of diabetic and non diabetic persons. No matter
what screening level is used, therefore, this procedure is
likely to be less sensitive and less speciflc than glving a
definite dose of sugar at a known interval before the test.

Blood Glucose Values after Sugar Ingestion

The oral glucose tolerance test 1s most frequently used
in dlagnosing diabetes. The height of the peak and the duration
of .the elevated tolerance curve arc closely similar whether
50 or 100 gm. of glucose is used (Gray, 1923; Mosenthal and
Barry, 1950). The smaller amount of 50 gm. will be just as
satisfactory in screening for diabetes, and will be more accept-
able to screenees.

Sucrose produces a similar tolerance curve to that follow-

ng ingestion of the same welght of glucose (Gray, 1923). Tuais

;—I-

test will be less acceptabls to the screenee, however, since
sucrose is one and one-third times sweeter than glucose. lMore-
over, vhysiclans may less frequently accept the results of
sucrose tolerance tests, since the simllarity of results with
glucose and sucrose 1s not well known to the medical profession.
The effect of glucose taken recently after food has not

cen well studlied. Food will »robably slow dovn the absorption

lucose, however, with 1ittle or no lncreasc 1n the post

e
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rrandial blood glucose values. Glucose ingested beyond two
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siolly wrill croduce oonloner riges in blood



sucar than when ingested hlthlﬁ two hours, since absorption
will be less delayed by the food which has already left the
stomach.

An additlonal dose of glucose will not unduly ralse the
blood sugar values of normal screenees, and will sufficlently
elevate the values 1n diabetic patients who have not eaten
previously that they will be above the screening level. For
this reason, 50 gm. glucose was routinely given to each screenee
on arrival at the Baltimore clinic.

The Glucose Drink

To prevent the need for welghing out glucose and making
up>individual drinks, a Iflevouring campany and a carbonated
beverage manufacturer helped to produce a bottled carbonated
drink. An orange flavouring agent, with a certain amount of
clirlc acild, was used to overcome the sweet taste of the glucose.
The method of manufacture was approximately as follows:

The orange flavouring agent with citric acid, the powdered
glucose and a 25 per cent solutlon of sodlum benzoate were

-

mixed and heated to produce a syrup. The guantlties used were

o

such that two ounces of the syrup contained 50 gm. glucose,

- 4

and that the sodium benzoate produced a one-twentieth of one

‘;J

rer cent solution 1n the final dlln“. Two ounces of the syrup
were mechanically dropred into seven ounce bottles, to which
Tive cunces of mildly carbonated water were added.

A =mall nunber of random samples of the final drink were
tested for glucose content. The tested camples had a medlan

clucosze content of 48 gm., wilth on average error of two gm.
< O H



or four wper cent around this velue. The total cost of the
drink, when delivered to Bennett Hall, was 0/6d (5.9 cents)
per bottle. Less than one per cent of screenees disliked the
drink, elther because of 1ts sweetness or its carbonation.
Wilkerson-Heftmann Blood Glucose Test.

The Wilkerson-Heftmann (1948) test is 2 modification of
& true glucose metnod devised by Hagedorn and his co-workers
(1946). The reagents are commercially available in tablet
form, and restrict the cholce of screening levels to three
values -- 130, 160 and 180 mg. per cent.

The Hewson Clinitron 1s a device which automatleally adds
the reagent tablets to the pipetted blood and heats the con-
stituents. The result is avallable five minutes after the
Clinitron receives the tube containling the pipetted blood.

The Clinitron has a maximum capacity of 120 estimations per
hour. At this rate, however, more than one technician is needed
to pipette blood, clean test tubeg and plprettes, and to read

nd record results. In the Balliimore clinic a previously com-

o

pletely untrained person'oould comfortably carry out 25 esti-
mations per hour after one day's experience.

Inadequate heating of the’test tube with incomplete re-
moval of the blood protein, fallure of one or more of the
reagent tzblets to drovn in, or inmadequate cooling of the test
tube at thé end of the test will produce false rvosltive result
ivery mositive blood specimen was routinely retested In the
Pgltimore clinic to detect these accidental Talse positives.

The Wilkerson-lefimann test is steted to e accurate witinin
ow cublished roocrtn
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to confirm this finding (WilkePson ond Heftmann, 1948). This
Tigure mey be attalnable under i1deal conditlons, but is pro-
bably too small for the test as carried out under screening
clinic conditbons.

The rapldity of the test and its great saving in labour
are the maln advantages of the Wilkerson-Heftmann procedure.
Cther screenlng clinics have used the Folin and Wu, Somogyi-
Melson, anthrone, and vicric acid methéds, all of which reguire
the presence of & trained technician and take twice as long.

Urine Sugar Tests used in Screening

Bcncaict 8 test 1s the most widely usged 1in clinical
laboratories, amd has been used falrly commonly in screening.
It has the disadvantages that liquid rembents and heatlng are
necessary.

The Clinitest method uses a proprietary tablet (distributed
by Ames Co.(London) Inc.) which does its own heating when added
to a one-in-two dilutions of urine in water. It is believed to
e quite accurate, but is less sensitive than Benedict's test
{Olmstead et al.,1953).

The Galatest method uses a propriectary powder, to-which
a small drop of urine is added. The Dreypak technique 1s an
adaptation of Benedlct's test to malke its mass application
more praciticable (Olmsﬁead etnal.,195%). The screenee dips

e ctric of absorbent poper into the urine speclmen. When dry

e L7 v
information about the screence, the strip 1s mailed
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to o central leboratory which cerries out a modified Zenedlct's
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rine Buzer versus Dlood Sugar Tests in Screening.
Urine sugor teste have the advantuge that wide use is
possible, without the need for trained technicilans. However,

since high and low renal thresholds will result in false nega-

tive and false positlive results respectively, this method is
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d less specific than blood sugar screening
teste. A consilderable number of studles confirm the superioriity
of the blood sugar tests.in screening for diabetes. In at least
two programs, however, the urine and blood sugar tests appeared
to zive eqgually satisfactory resulte (U.S.Public Health Service,
1953; Weinerman et al.,1952).

Procedure in the Baltimore Clinic

After ingestion of glucose, dlabetic persons have blood
sugor valueg higher than usual after one and two hours. A small
pronortion of non diabetic persons have elevated one hour
values but normal two hour values. The procedure used in the
Baltimore clinlc is based on this reasoning.

On arrival at the clinic the screenee drank the carbonated
orange drink contalning 50 gm. glucose. The urine sugar was
tested 30-50 minutes later, a positive result being one plus
or more by the Clinitest method.

The venous blood glucose level was estimated 45-75 minutes
after the screence had taken the drink. When the result was
above 160 me. mer centv by the ﬁilkerscn;Heftmahﬁ method the
sereence was acked to remaln to huve a twe hour speclmen talien
to be secreened at 120 mg. »er cent.

A ema2ll number returned at a later date to hove the two



hour test carried out. A few were unable to have the Lwo hour
value taken at any time. Those individuals with glycosurla,
but whoge blood glucose was be1ow 16C mg. per cent at about
one hour, were not retested but considered to have a2 low rénal
threshold.for glucose.

Screenees with glycosufia, whose blood SLgérs wéfe posi—
tive at one hour and were elther confirmed positive or not
done at two hours, were referred as probable diabetics. Those
without glycosuria but with elevated one and two hdﬁ} blood
glucose values were advised to vieit their physilcians in order
that diabetes could be more d&finitely confirﬁed or excluded.
These lotter persons were not followed up to obtaln the dilag-
nogtlic findings.

Screenees with glycosuria, but whose blood sugar 1eve1
was Dbelow the screening level at elther one or two hours, were
told that they did not apvear to have dﬂabeueu, and the results
of the tests were explained to them. A few persons, esveclally
when obese, provably vislited thelr physiclans for advice on
whetlier any precautlionary measures were advisable.

Results of the Baltimore Cliniec.

11ts of the Zlood Bugar 3cresning Test for Diabetes,
e and Sex of Screences
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cnotes to Table 1
cludes unknown age and sex. *#Includes unknown age.
Table 1 of this chapter shows the resultis of the blood
sugar screenling procedure only. Seventeen screenees had both
positive one and two hour blood sugaers. An additional sixteen

o

screenees had a positive one hour blood sugar, on whom a two
hour value was nbt obtalned. Of‘these 33 screenees, only those
with glycosurila were referred as probable dliabetics.

O0f those screences with positive one hour values and who
were retested, 39 per cent had positive two hour values. The
number of positives is therefore reduced by two-thirds by tais

retesting procedure. It is likely that most,if not all of the

true positives are among those positive at two hours. (No

diagnostic examination was carried out, however, on those
with positive one hour and negative two hour results to dster-

}_h

nine

)

£ some diabetics were belng lost by the retesting pro-
cedure). |

Table 2 on the following vage shows thait, of the 54 screcnees
with glycosuria, 15 (28%) had positive blood suger tests. The
urine sugor test alone pfoduoes a considerable proportion_bf
felse positives in screenlng for diabetes.

Fourteen of the 33 screenees classifled as positive by
the blood sugaer tests were referred as probable diabetics
because they had glycosurias and were previously unawvare of the

A i . m L .
ticn. The remaining 10 were advised, bul not ur
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Table 2 - Results of Screening for Diabetes Mellitus and of
Follow-upr with the Physician, by aze and sex of
Screenees
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Tonle 3 - Hesulis of Screenlins f
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i ipersons Both Eoth

resuils iscreencd cxes  lale TFemale | sexes Mgle Female
Tuniber i _

= h [a) - -
cereened | 1910 | 143 725 756 412 175 227

! Rate per 1000 persons screened

AlT regulte | 1000 11000 1000 1000 1C00 1000 1000

B e W] H f i ~

Yorme : o52 [ QL5 a57 a7e l 52 Q60 Q45

Abnornal . o B

;#*-e susns 20 v 20 15 36 29 ha

Abnorma _
5 21 ¢

17, 16 14 19 0 22 2

=
o
O
U1

";” » : ) 1‘1 n % ; - {
abnorma : ~ : i i 10 11 O i

- [/ ] -

1/ Includes unlinown race and sex. axcludes persons on whom only

i- . oy e PR )
one Lest was completed,

i~

Discussion
Two previously unknown dlabetics per 1000 screences 1s

ield, comparing qulte unfavourably with the study of

<

a low

~

Wilkerson and Krall (1947) in Oxford, Massachusetis. These
lnvestigators suggest that the prevalence of preV1ouslj unknown
diabetes in the population is asbout 14 per 1000.

Several factors played a part in producing the iow yield
in Baltimore. The required presence of glycosuria in the re-
ferrals p“obabiy prevented the referral of a number of true
dizbetics, causing the test to be insensitive. A number of
referrals did not visit their family rvhysiclans. The diagnostic
exeninatlons were carried out ﬁsually by the family rhyslclans.

. ] ~ L Ipogpue R | - - .,. 2 - pug
sossitle that some of these cxanluatlcons were lnadequote,



A1l 14 referrals had true blood sluceose values above
150 mg. per cent at one hour, with glycosuria. About half Lod
two hour blood sugar values above 130 mg. per cent. It is
likely, therefore, that almost all were dlabetics. However,
only 56 per cent of those on whom the follow-up was completed
were confirmed to have diabetégs.

As shown in chapter 5 on obesity, & large proportion of

the positive tests occur in the non obese screenees. This.

o]

.

finding confirms other studies (Futcher and Marcus, 1956) whilch
show theot diabetes screening should not be confined to over-
welght subjects.
Concluslions and Summary

A modified glucose tolesrance test was used to screen for
Glebetes mellitus. The yield of newly discovered diabetics
was low compared witn other studies. This low yield was believed
due partly to the failure to refer screemees with positive
vlood sugar tests without glycosuria, and partly to some lnade-
guate dilagnostic examinations after referral.

These defects may e overcome by omitting the urine sugor
test in screening, and by providing adequate diagnostic faclili-

ties for the positive screence.
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SCREENING FOR HYPERTENSION

Section C
Chapter 2



SCREENTNG FOR HYPERTENSICN

iypertension 1s a sustained, abnormally high level of
systolic or diastolic blLeed. pressures of both. When all dis-
orders known to cause secondary hypertension are absent, the
conditlon 1s named essential or primary hypertension.

Cliniclans do not agree on the arbitrary criteria used
for the upper 1limit of normal pressure. Frobably the most commonly
used are 140/90 and 150/90 mm. of mercury (Likoff and Davie, 1953;
Surch, 1953; Coneybeare and Mann, 1952). Other cliniclans have
oroposed higher levels such as 160/100 (East and Brain, 1948),
180/100 (Perera and Atchley, 1947) and even 180/110 mm. mercury
(Evans, 1948).
' While it is usual to employ only one level as the abnorma
value for all ages and both sexes, a few studles have differcd.
Lulsada (1954) suggests 120/75 for adult males and 113/70 for
wonen. Master et al. (1952) recommend a sliding scale of values,
going uvp even higher than any so far mentloned.

Perera (1954) nhas given clinical evidence, which requires
further docuﬁentation, that hypertensive vascular disease cen

normal blood pressure iz present. The

o

progress even when
exact blood pressure level may thersfore have little clinlcal
gignificance. Perera comments that "we must ask ourselves whether
the mere lowering of blood pressure, by whatsoever means, 1s

;

s . s s t
5 sufficient therapeutic objective."
The use of high blood pressure levels in screening, there-
fore, may not necessarily find cases of hypertenslon at an od-

vanced stage. uven the use of low pressure screening levels

A e e A S P T s e e e,
co o pUTertenglve cLognie, ZLAnCe arylci-
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tenslve changes are sald to occur in the presence of a normel
blood pressure.

On the other hand, the family physician to whom the screence
ig referred will usually use the blood pressure level as his
main eériterion for dlagnosis, since there 1s no adequate test
Tor hypervenslve vascular disease in the absence of hgpertension.
The higher the blood pressure level oi the screence, the more
lizely he is to be dlagnosed as hypertensive by his personal
physician

Lablile Blood Pressures

¥Most cliricilans may support the belief that a lablle blood
pressure 1s a pre-hypertensive sigh; thal a pressure which
rises temporarily may eventually develop into a permanently
ralsed blood pressure.

For some years the cold pressor test has Deen used to
neasure lability of blood pressure. Thls test measures the
blood pressure rise “produced by lmmersing one hand in ice
water. It is fairly well established that tke changes are more
marked in persons who are already hypertensive. At present,

studies are in progress to determine whether persons who recct

[0}

strongly to this test are likely to develop hypertension in the
future. Fishberg (1954) states, however, that the test 1s not
a dependable one, and 1s certalnly not sufficiently rellable
for use in screening pre-Liyperitensive persons.

Fercra {(1955) has found that persons with a non la

nypertension have o briefer duration of aypertenslon and lover

aversie ame oLt death then those it o lablle Dlood preszsure.
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selicves that the determination of "resting" blood pressurec,
obtained under basal conditions, ls important in evaluating
the hypertensive patient. He suggests that casual values,

taken irrespective of whether the person has rested or not,
have little prognostic significance. These findings are based
on a retrospective study of fifty selected dead patients, and
the validity of the conclusiong ig difficult to determine.

o-

owever, in screening for hypertensicn it does seem reason-
atle to take the pressures under conditions producing as little
physical and mental stress as possible. Cliniclans who believe
that help can be given to pre-hypertensive patients, who might
nave normal results under such conditions, may disagree with
tirls suggestlion.

Symptoms of Hypertenslon

-3

There 1s now considerable doubt that there are any specifiic
symptoms of hypertension. It has been noticed, for instance,
that the so-called typical hyvertensive symptoms occur much more

n persons who know that their blood pressure is ele-

%

commonly
vated, and that these symptoms are frequently relleved by therapy
which has no effect on the blood pressure.

Conybeare and Mann (1952) coument "..It is indeed doubt-
ful whether a high blood pressure per se produces any symptons
Semisch and Lewis (1954) emphasise that "fluoroscopic evidence

of left ventricular enlargement or clectrccordiograepalc evi-

&
dence of hypertronhy...usuclly precedes synptoms...'
Tt -rould therefore apncar thoet o questionary includlng

the nllered svmvbons of hybertension Ls not likely to be helnpiul



Hycvertension and Cardlac @nlargement
The chest x~ray does not detect the gradual left ventricular
hypertrophy which occurs with persistent hypertension. Detect-
able z-ray changés occur only in the later stages of the dlseasc
when cardlac dilatation talkes place. It is not likely, therefore,
that chest x-rays of apparently well persons will detect cases

of hypertension which are missed by the blood pressure reading.
Hypertension and the Electrocardiogram
The left ventricular hypertrophy, which occurs at an earlier
he hypertensive vprocess than cardiac dilatatlon,

will produce electrocardiographic changes. Bourne (1955) suggests

that "if the electrocardiogram shows no evidence of left ven-

cr
=
e
(@]

ular hypertrophy, and normal QRST complexes, 1t 1s unlikely
that serious hypertension is present. "

t 1g therefore possitle that thé electrocardiogram mey
help to indicate those hypertensives who are most in need of
treatment. Little information is avallable, however, on whether
the screening electrocardiogram 1s likely to detect cases of
hypertension which are missed by the blood pressure reading.

Indirect Method of Determining EZlood Pressure
Thersphygmomanometric method of determining blood pressure
ig the most widely used. As originally described by Korotkow
in 1905, the brachial sound goes through four phases. Phase
IV berins when the sound becomes wulfled 1n quallty, cnd ends
when the sgound disappears.

The significance of phase IV hag produced much contro-



versy over reading the dlastolic nressure. The point where
muifling occurs 1s most commonly recommended and used in Great
Britaln as the diastolic pressure. A comparison of indirect
readings taken at this point and simultaneous measureménts of
arterlial pressure obtained by direct intra-arterial manometry
showg that the muffling occurs nine mm. mercury above the true
diastolic pressure (Hamilton et al.,1936).

The 1951 recomnendations of a United States Committee
to Revise Stendardization of High Blood Pressure Readings
(American Heart Association, 1952) advise that "the point of
complete cessation is the best index of dlastolic pressure."
This recomnendation was carried out in the Zaltimore clinic.

The difference vetween the polnt of muffling and the polnt
of disappearance has been variously stated to be between 4
and 14 mm. mercury. The use of the higher value (beginning of
vhase IV) will result in the referral of a significantly larger
proportiom of possible hyvertensives from a screening clinlc.
It is therefore important to mention the method of reading
diastolic pressure in reporting the screenlng level and resultis.

Effect of Position on Blood Pressure

(0]

Scnneider and Truesdale (1922) found that the mean systolic
and dilastolic pressures increased élightly on standing. How-
ever, only a proportion of their subjects showed thils inérease,
whlle & decrease occurred in others.

After studying this and other reports, the Commlttee to

3

Revise Stendardizetion of High Elood Pressure Readlngs

(S5



(American Hearlt Assoclatlon, 1952) concludced that there is no
significant difference in the blood pressure taken in the lying
or sitting rosition. This opinion is not universal, however,
as can be seen by Bourne's (1955) recommendation that '"the
routine blood pressure should always be taken with the patient
lying flat, for in some individuvals it will be lower in the
stonding and in the sitting tﬁan in the recumbent position."
In the Beltimore clinic, the blood pressure was taken
after the screence had been lying dowvm for thiree or four minutes.
Inequality of Blood Pregsure in Two Arms.
studying the results of simultaneously taking the blood
pressure on the two arms, Korns and Cuinand (1933) found that
higher pregsures occur much more commonly on the right side.
£ 1000 apperently normal persons 222 had a systolic inequality
and 217 had a diastolic inequality of ten mm. of mercury or
more. This inequality was often found to be transitory, and
might involve the systolic only, the diastolilic only, or both.
The significance of this finding is uncertaln, since 1t
is Imown that a meen error of + 8 mm. mercury may be expected

Saad

n individual readings of systollic and diastolic pressures

[

(American ieart Association, 1952). The apparent inequality
might at least heve been partly due to thls error in reading.
The available evidence does not suggest that all readings

icular side In screcning for hyper-

foud

need be Token on one par
tension.

Hypertension and Obesity

nit
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The 2l findings of the Albany Cardlovascular Heolth
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Center (Jomes and Tillebce, 1955; James et ol.,1955) sugsest
thalt 1n each agg group the proportion with elevated blood pres-
sure in persons over 20 pervcent above the Metropolitan Life
Ingurance Standards for height and weight is about tWice that
in the non obese group. Thls result coanfirms the findings of
other studies (Thomas and'Cohen, 1955). |

Preble (1923) studied 194 obese persons befofe and after

a. '

reducling thelr welght by ten pouhds or more. There was an
averaze drop in blood preessure of 10 mn. systolic aﬁd 10 ﬁm.
dlastollic, Twenty-two persons with a systolic 1fe°°ure of

200 mm. mercury or more underwent a similar redu ction in welght.
The averase systolic drop was 43 mm,, while the verabe dl%S—
tolic fall was 21 mn. mercury. Studies by Spencer (1029) and
John {1929) confirm that the blood pressures of obese hyper-

4
)

ensives tend to fall with weight reduction. Wheatley (1955)

-

sugnests that weight reductlon of moderately overweight men

=
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educe their mortality from 142 per cent of the standard

/

to 113 wer cent. However, Pickering (1955) believes thut it

ie quite uncertain whetiier reductlion in welght WLll improve

L

the prognosis in obese hyperitensives.

2T
Rosan and Bordley (1941) found that the unusually small
orm pay result in indirect systolic readings 30 mm., mercury

lover +than the actual intre-arterial systolic pressure. An

i A A et P B N Y =
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sure measurements." Days and Scrimshaw (1953) supnort this
conclusion.

Pickering et al. (1954) analysed the data of Ragan and
Dordley. They commented that "variations in arm circumference
do not account for more than a quarter of the variationcof
differences between direct and indirect readings. Persons of
the same arm circumference mey show wildely divergent differ-
gnces and.so it 1s doubtful how far it is useful to apply a
correction for arm circumference to an individual reading;
the correction will often makxe the discrepancy between éuscul—
tatory measurement and true arterial pressure worse instead
cf better...Arm circumference in adults is but little related
to age and hence the pattern of increase of arterial pressure
with age turns out not to be significantly altered by apply-
ing the correction."

In summary, there appears to be no need to correct for
arm cilrcumference in screening for hypertension. Although arm
circunference may affect the indirect blood pressure readings,
the evidence available 1s not sufficient Tor corrections to
be made for thils factor in epidemiological studles of hyper-
tension.

Normal Blood Pressure and Sex

Master et al. (1952) found that male average systolic
pressures were greater than the average values for women 1in
the age groups under 45 vears, and that the Tencle average

Pressures were greater than the corresponding male values over

¥s)
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45 years. The same finding

®

aprlicd te the dieas

J.

C‘\

stollic pressurcs

cxcent thet the age for the change-over was 50 vears. A previous

study by Symonds (1923) showed similar differences between tiic
two sexes.

A recent study of hospltal outpatients by Hamilton et 2l.
(1954) shows average systolic pressures in men as;higher only
untlil 35 years, above which the values in wowmen are consistently
nlpgher. The dlastolic values for women are almost always higher
than the corresponding values for men. This study, therefore,
does not agree completely with those mentloned above.

In practlce the sex difference l1s suf lently small to
permit using the same screening levels for both sexes. The
figures of ﬁaster et al.(1952), for instaonce, show a difference
of 5 tc 10 mm. mercury for the upper limit of normal for systolic
pressure, and & difference of 1 tQ 4 mm. mercury for the upper
1limit of normal for diastolic pressure between the two sexes.

Elood Pressure Changes with Age

"A systolic pressure of 150 is to be regarded as abnormal
at all ages...A diastolic pressure of 100 1s nrobably always
pathologlcal, and one of 95 mm. very suspicious." So states
Fishberg (1954) in his textbook Hypertension and Nephritls.

Such & view has strong suprort in medlcal literatufe.
"It is now practically universally belleved that the blood-
prezcure does not increase with advancing age as much as was
(Price, 1950). "A wressure

140
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norﬁal oressure at 140/90 at all ages. Fife et al.(1954) uscd
o dlastollc pressure of $2 mm. mercury or above ito indicate
hyvertension at all ages.

Robinson and Brucer (1939) studied over 10,000 insurance
nolicy holders and concluded that a blood pressure over 120/20
is abnormal at any age and indicates incipient hypertension.

Since this study is widely quoted, it might be helpful to

The majority of Robinoon and Brucer's group came in for
2 routine perilodic examinatlon given free by the lnsurance
company. All were accepted risks, although most persons came
into the study long after the original insurance examination.
They usually had no complaints or only mlinor ones at the tine
of examination.

Robinson and Brucer explain:'"One must devise some method
of roughly separating the pathologlic from the normal pressures
vefore the group 1s subjected to an extensive statlstlcal
anelysis...During the last ten years an ever increasing numbe:
of authorities in this Tield have placed 140 mm. as the upper

limit of normol systolic pressure...There seems to be an equal

consensus that the upprer 1limit of normal dlastolic pressure
should be placed at 90 mm." Robinson and Brucer thercefore dis-

card from their study all persons who have pressures above

these levels. Thus, from each succeedlins age grouv an increasin

S I

nroportion of subjects is removed on the besis that they haod

Aysertension and would "distort the nlcture of ths norual bloo

K [T T K] t 2 ., .
nregoure everases. ! They comment thal the exclusion "does not
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alter the conclusions:of the acnalysis.”

“he authors therelore begin their situdy with the preforued
conclusion that 140 mm. systolic and 90 mm. diastolic is ab-
normal at any age. The arbitrary removal of such persons from
a study, the purpose of which is to determine the upper limits

of normal pressure, can hardly fall to alter the conclusions

Exemining each ascending age group, Robinson and Brucer
Tind thet around 25 per cent of persons in the deliminated
sample had systolic pressures under 110 mm. They reason: that
'apparently..most men who have low pressures (under 110 mm.)

do not show any rise in systolic pressure throughout their
lives.."

The investigetors overlooked the fact, however, that they
had removed an increasing number of persons in the "above
110 nnr." group with each increase in age. To keep the propor-
tion of persons below 110 mm. at 25 per cent, a number of thils
group would have to develop higher pressures as age increaced.
Using simliler methods of reasoning, Robinson and Brucer
conclude that "..about 40% of the adult population is prehyver-
tensive or hyperteansive...The normal range of systolic pressure
for men and women is from 90-120 mm. Hg. and dlastollc pressure

60-90 mm. Hg." The numerous pitfalle and the erroneous inter-

'.l -

pretationes in this study sugpest, however, that the concluslonc

. 1 S o v Moo 2 -
The literaturc to support the bellefl that "normal" nreo-

dvancing age i1z clsge abundeont. "one pait of
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res Tor the systolic and diastolic mressure cannot apnly

to all age groups and botn sexes.." (Master et al.,1952).

"Phere 1s common a,reement that average dlastolic and systolic
pressures rise with advancibg age" (Shock, 1952). Morsell (1351)
recommends that the "normal range" should rise wiih increasin
ece. Russek (1948) takes an inters ate stand by suggesting

"allow a progressively increasing

that "normal standards" should
range in the systolic blood pressure while permitting but little
Variation in the diastolic level with succeeding decades.”

Megter, Garfield and Walters (1952) sampled the records
of 74,000 persons in industrial plants and U.3.Army airflelds
Lo produce their extensive analysls of blood pressure readlngs.
The majority of the persons studied were al work, although some
were those who applied for work and who noy hove been rejected.
Their only meanipulation of the records was the rejection of
thege talken in areas where the blood vpressure readings were
not considered to have been accurately read.

The investigators found that the mean systolic and dias-
tolic pressures increased steadlly thmouﬂqout life. They
arbitrarily decided to ¢all as normal those persons in each
five year age group who were within 1.282 standard deviations
of the mean; those between this point and 2 staendard deviatlong
were placed in the btorderline group, who were probably normal
tut required study before the Tinal dlagnosls was established;
ose beyond 2 standord deviations were probably hypertensives,

was required.

=y
I._‘
‘
&
I_J
(@]
=
'_1-
]
l._.o
(¢}
S‘
-
Q
O
o]
}-
}.J
l.
l_h
O
]

3ince tre distribubtion curves for each age group arc not

-

- LR SN " . o By T L AR T N R Tt
L_}“_“'»..‘\./ij] LJJ;',;AQ—_"_ CL STAMEe UL ChL, oG wEe OL GO TGO L



stendord deviation for dividing the groups is subject to eriti-
cism. In practice, however, the study seems to provide the
clinician with a reasonable series of figures for each age
group. Figure 1 of this chapter, on page 938, compares the
screening levels used in the Baltimore clinic with the filgurecs
published by Master et al. ‘3

Even more recently Hamilton et al. (1954) studied aji
patlents attending certain clinics on specific days.in 1951.
No patient was omltted for any cause whatsoever. Hémilton et al.
found a greater rise with age of the mean systolic and dias-
tolic pressures than Master and his group. Hamilton et al.
suggest, as & possible meason for this difference, that middle
aged persons with symptoms of hypertension do not continue
to work in industrial plants. Perhaps an equally reasonable
explanation may be that, Just as hospital outpatients have a
creater prevalence of tuberculosis than the general population,
so they may have a higher prevalence of hypertension. The figures
proposed by Master et al. may be more acceptable to clinicilans,
at least in the Unlted States.

In summary, there is no valld evidence that an 1lndividual
whose pressure remains below a certain level in early adult
life will usuaily'continue to have thiéylow préséufe thraughout
life. In screening for hypertension, therefore, it is recommended

that the screening levels should be raised for persons 1n the

The leed for Barly Detectlon

) - - a - Mo \
lore then two decades ago Hurn (1934) asked: "Does the

o7



Relation of screening levels to upper limits o:
"normal" blood pressure and lower limits of
"hypertension" (averaged for both sexes).
Values from Ref.1l2 of this chapter.
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disease known as essential hypertension really exist, or

.
<

1

it not a figment of the unrestricted imagination %" These
doubts have continued and even increased in recent years
(Editorial, 1954a). Foremost among cliniclans who believe that
essentlal hypertehsibn is not a specific disease entity is
Fickering (1955 a and b), who suggests that the condition
merely represents the upper end of a distribution curve showing
continuous variation. This view gains increasing support in
tiie United States (Editorial, 1956).

Russek (1948) and Palmer (1955) believe that the low
standards of normal blood pressure, advocated by insurance

~

companies and by Robinson and Brucer (1939), have resulted in

much unnecessary treatment of a condition which has no effective
therapy. &t present. Fishberg (1954) says: "Heny individuals
with essential hypertension not only need no treatment whatso-
ever, but are much better off without it." Many authorities
agree with this opinion (Editorial, 1954b; Pickering, 1955b;
Thewlis, 1954; Corcoran, 1954). Wheatley (1955) emphasises
that long-term studies are needed to show whether drugs will
actually proloang life for hypertensives.

While Perera (1958) agrees that the therapy of essential
nypertenzion is still nonspecific, he belileves that essentlial
hyvertension is an abnormal state which shortens 1life and
requirves medical supervision. illeboe, James and Doyle (10Z4)

d e screcned at intervals

=

(]

recormend that the monulation shou
Lo brinpg hynertensive subjects under medlcal sunervislon.

Getltin~ belleves (1955), nowever, thot wlood Iressure measure-



nent L1s oo unreliable and unnecessary screeninz procedure.
Other Screening Programs

The Richmond, Virginia, multitest clinic held in 1950
(fmerican Medical Association, 1955) used a blood pressure
screening level of 150/100 mm. mercury. 14.6 per cent of the
screenecs were above elther of these levels. Oftthe total
screenees, 3.5 per cent werc confirmed to have hypertension
when ther visited their physicians, and 0.4 per cent were
previously unknown. Thus, 5,451 sositive screenees resulted

in the known discovery of 162 new-cases.

b}

The BSan Francisco, California, survey of dock labourers
(Veinerman et al.,1952) used a screening level of 170/95 mn.
mercury. 21.0 per cent werc found to be above elther of these
levels. ©.2 per cent of the total screenees were confirmed to

have hypertensions and 5.2 per cent were new cases. The dock

l._la

labourers had a considerable provortion of overweight personeg,
and probably produced a higher yleld of hypertensives than
would the general population.

Kurlander, H11ll and Enterline (1955) studied hosvital
outpatients who had their ®lood preésure tzken before golng
on to have a thorough clinical examinatlon for cardiovascular
disease. These outpatients had sought medical attention becaus
of symptoms, not necessarily related to heart dlsease. The
caces detected on screening were, therefore, likely to be

further odvenced 1 their dilseasge than those detected Ly screcn-

ine avnarently well persons.



The screening test was regarded as positive if the blood
pressure were above 150 mm. mercury systolic or 90 mm. mercury
diastolic. This test detected 33 per cent of individuals with
arteriogclerotic heart disease, 97 per cent of those with
hypertensive heart disease, znd 86 per cent of persohé dlag-
nosed as having heart disease without hypertension. Kurlander
et al. concluded that the blood pressure appeared to be effective

hypertension with or without heart 1nvolve-

Hy

in detecting cases o
ment, and cases of arteriosclerotic heart disease.
Procedure in the RBaltimore Clinic

“he Dblood pressure wag taken, usually but not invariably

1

on the right arm, after the screenee had been reclining for
three or four minutes. The point of disappearance of the sound
was used to determine the dlastollc reading, except where the
sound failed to disappear when the point of muffling was used.

Only mercury sphygmomanometers were used.

The screening levele used were as follows:

Age below 35 years 150/90 mm. mercury.
Age 35 to 49 years 160/96 mm. mercury.
Age 50 or more years 170/100 nm. mercury.

The individual wag referred for further examination when
both Systolic and diastollic presgsures were higher than the
screening level. When the systolic pressure alone was elevated,
20d wes 20 mm. mercury or more above the screening level, or
vhen tihe dilastolic pressure alone was 10 mm. mercury or more

ahove the screening level, referral was uolso carried out.



Results of the Baltimore Clinic

The screening and follow-up resulits are shown in Table 1

futt

of this chapter.

Table 1 - Results of Screening for Hypertension and of Follow-up
wlth the Physician, by Age and by Sex of Persons Screened.
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alitiacyvla algner screening levels vers ced for older age oroii,e
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Foliow-un results. The follow-up with the “hreiclen wes cor-
leted on 61 vper cent of the vositive screences who were prc-

viously unawaere of the presence of hypertension. 76 per cent

of thoses screenees on whom the follow-up was completed were

conflirmed to have hyvertension, but only 27 per cent were stoted

.l

vy the physician to be previocusly unknown cases.

Folse positive:True positive ratio. This ratic is satisfactory,

LA ~}

seing 1:2 when the Tigure for confirmed hypertensives 1s used.

4

It ic¢ vosgible, however, thatithe unusuidlly high screening

levels resulted in some hypertensives being mlssed.

Tatle 2 - Results of Screening for Hypertension, by Race ard
Scx of Tersons Screened
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Race. Teble 2 of thig charter shows that the proportion of

poaitive results is higher in non-white males and Temales thien

Quesity. The screenlng results confirmed the frequently stoted

relationehin between obesity and elevated blood pressure. Thlc
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Conclusions

In screening for hyperténéioﬁ; the uSe'éf:ﬁigherfscréening
levels for older age groups appears .to be a»rafibnal and satis-
factory procedure. The screening levels used in the Baltimorc
clinlc resulted in a test of adequate specificity, -but of
unknown sensitivity.

Flve previously unknown cases of hypertension were dle-
covered per 1000 screences. It is not known to what extent
these caces benefit by their e%rlj discovery. There is much

published llteranure to suggcsL that earl dlscovery in the

asymptonatic st 2ge - of nypeften51on is-of. little or no beneflt
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SCREENING FOR CARDIOVASCULAR DISEASE

Section C.
Chapter 3.




SCHEENTNG FOR CALDIOVASCULAR DISHASE

This chapter will discuss the use of screening teste,

han measuring blood pressure, in detecting cardiovasculor
The Chest X-Ray

test for cardlac conditions. The miniature chest films, primar-

11y taken for the early detection of pulmonary tuberculosis, have

been read for cardiovasculer conditions at little extra expense.
No speciflc shape of the heart shadow is pathognomonic

of a particular kind of cardiac disease (Greening, 1954). The

chesgt x-ray film will often provide only suggestive evidence

of o heart abnormality. Greening (1954) emphasizes that a

clinical examination and frequently an electrocardiogram are

o)

eesded to interpret the roentgenograghic findings.

D]

Sosman (1947) and Ungerleider (1954) state that the ches
Z-ray can show the size of the heart better than any other
method. However, cardiac enlargement can be preseht when the
postero-anterior chest film appears normal. loreover, slight
scollosls or slight rotation of the patlient may result in a
falsely positive readlng of heart enlargement. 3ince heart
disease may be present without cardiac enlargement, 1t 1s to
be expected that the chest x-ray wlll be a screenlng method

o

with low sensitivity and low specificlity.

Special Reoaders for Heart Dizease

only for abtnormalities of the heart and great vessels. Thece



w
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pecial readers found almost three times as many cases of heort

.

1

(]

6]

ease as did the regular readers, who worked individually
and looked for all intra-thoraclc conditions. Although the
special readers lncreased the sensitivity of the test three-
fold, the specificity of the test was unchanged.

kore recently Anderson (1955) suggests that the yield
of heart disease cases can probably be increaced at least
ninefold, using two readers paylng particular attention to
cardiovascular shadows. However, a2 joint committee (1953)
of the American Fublic Health Association, Natlonal Tubercu—
losls Assoclation and the U.S.Public Health Service has re-
commended that the use of special reaéers for heart disease
does not appear justified.

Relative Accuracy of Miniature and Large Fillms

Rutstein et al.(1951) found that 14" by 17" films rarely
rrovide information that cannot be obtained from the miniature
f1lms. Maclean and Rogen (1949) support this finding in analys-
ing the results of the Mass Radlography Unlit in Glasgow.
Comparison of Chest X-ray and Clinical Findings

", .physical examination is

Ungerleider (1954) states that
quite useless in detecting early enlargement of the heart."
Recent Tindings of the Albany Cardiovascular Health Center
confirm “his statement. James and Hilleboe (1955) found that
of 179 persons with caest z-rays suggssiive of cardiac enlarze-
nent, 15 were found on phyeical examloation to have this en-
lergenent. Lioreover, an additional 51 persons, whose heart coodows
avpeared normal in slze, were belisved by the cliniclans to

oy
LS e



heve enlarged hearts. James and Hilleboe (1955) sugsest that
the routine physical examination, even when carried out by

expverlenced clinicians, is of doubtful value in detecting

o

ardiac enlargement.
Findings of Other Burveys
Futstein et al.(1951) and Williamson et 2l.(1951) found
that the yield of previously unkndown cases of cardiovascular
dlsease increased with age, and that there appeared to be &
true luncrease in the precision of film reéding with increacse
in age of the subject. The latter finding can be explained

-

ey the possibllity that the type of cardlovascular disease
detected may change with increase in age. For instance, Kur-
lander et al. show that the chest x-ray 1s most efficient in
ricking up arteriosclerotic heart dlsease, and least efficient
in detecting hypertension without heart involvement.

Rutsteln and his co-workers also found that the yield
of the method was twlce ag high in females as in the same age
group of malec. The yields in non-whites were double those for
whites in all age groups. Comstock (1953) found that this
racial difference increased greatly with increasing age in
a Georgla survey.

Turlander et al. (1955), studying hoscital outpatients,
found that the chest x-ray detected 54 per cent of the previ-
ously Imown cases of heart dissase and hyrertension, and 34

per cent of the previously unknown coses. Velnerman et al.

1

(1u52), screenins dock workers in San Francleco, were unlm-



presged by the use of the chest z-ray, which missed : many cerdliac
cagss and wihlch only detected cases already screened out Dby
the blood pressure or electrocardiogram tests.

The results of the Richmond,}Virginia, Multitest Clinic
were also unimpresgive (American Hedical Association,vl955).
of 2,148 positive screenees, 433 were known to have confirued
abrnormalities, of which 55 were previously unknown.

Procedure 1n the Baltimore Cliniec
A 70 mm. postero-anterior chest x-rey was carried out

on nost persons attending the clinic. A considerable number

. o

of tecimnically unsatlsfactory fllus were taken during the first

weeks of the clinic. Such screenees were informed of”this
hoaopenlng, and invited to return for a repeat miniature film
1T they desired to do so.

4 chest physician read the films for the presence of
tuberculosis, heart disease and cher chest conditions. Accord-
ing to the wording of the physigian's report, the reading»was
classified as normal, doubltful or abnormal for heart disease.
"Possible heart enlargement," for instance, was classificd
doubtful; "enlarged heart" was classified as abnormal. Most
doubtfuls and all abnormals were referred to thelr famlly physi-
ciens for diagnosis.

For & few cases in which a full size fllw was recommended,
avpolntments were made ot nearby healtl department clinics for
the 14" by 17" film before referral to the personal physicicn.

Zesultes of the Baltimore Clinic

The resulbte are shown in Teble 1 of



Tahle 1 - Tecsults of 70 wm. Chest Ji-ra ?ninv for Ieart
Disease, and of Follow-un with rgician, Ly
Aze and 3ex of FPersons Screenc
Bereening and 'Total 1/7 AGE I. YBARS,50T: OEXLS SEX 3/
- ipersons 2/ All ages
follow-up results screened; <30 30-44 Eé—é# 654 Male Female
- . |
Munber screened L1767 403 750 496 106 | 818 o4
sormal 1585 1393 717 401 67 1729 255
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no significent differences were found between the two sexes,
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Age. The vield of the test increases with each succeedlag agec
gsroup. Under 45 years, the yield is very poor. A marked im-
orovement in vield occurs in those 45 years and over.
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vei. There are no significent differences between the two sexcs.

Comleticon of follow-up Procedure. Fositive screences of 45

years and over are wore faithful in visiting tae family physi-
cians for the diagnostic examinations. However; in no-age group
does this proportion reach 50 per cent. ey ot

Confirmed casges. About one-third of the confirmed cases werc

previously unknown to the personal physiclan, according to

tne paysiclan follow-up forms.

Race. Table 2 shows that the proportion of positive results

1s merkedly greater among non-white persons. The fact that the
everass aze of the non-white group ig lower makes the difference
more significant. The racial differences occur in both sexes.

Resulte of 70 mo. Chest X-ray 1o Screening Tor Heoy
Diseasce, by Race and Sex of Persons 3creened.

Bcreening Total 1/ WHITZ { NON-WHITE

1 DEersons Eoth | Toth

result screened |seXe Male Femzle | sexes Male Female
Total wmersons

LV bova b g el ~ z i -y ~- ~rs
acy e:ﬂni 1“"? l/U: 052 717 : V‘D l/ CZ\‘

¥ <L - -, -
Total Dersons
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Torzel 80 Q19 Qs CEC | E17 322 C1h
Doubtful and . ; ~
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1/ Izmecludes unlmown race and SeX.
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The 70 mm. chest »-ray iLs o useful nmethiod of screenliag
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for wreviously unknown heonrd discase. The yield 1s molinly

confined to those 45 yeais and over, wal 13 ienter 1o the
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non-iwhrite roce. It ls not known at present, however,
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The Electrocardiogram and Cardiovascular Disease

The electrocardiogram is able to show the presence of
abnormal heart rhythms and of certain disease states of the
myocardium. The most convenlent type of machine to use in
screening l1ls the direct writing electrocardiograph.

The orlginal criteria for the normal electrocardiogram
were based in 1912 on Lewis' and Gilder's study of 53 young
men. The significance of apparently abnormal patterns has been
determined by autopsy of subjects who have died, usually from
heart disease, shortly after the electrocardiogram was taken.

It is well established that normal records are frequently
obtained from patients with heart disease. Furthermore, abnormal
records may be obtained from persons without other evidence
of heart disease. It is questioned whether electrocardiographic
abnormalities found on routine examination of apparently healthy
subjects should be given the same ilnterpretation as when found
on patients with symotoms of heart disease. For instance,
Thomas (1944) recommends that "until the limits of normal vari-
ation in the human electrocardiogram have been much more tho-
roughly explored, the diagnosis of heart disease in young
persons should seldom be based on electrocardiographic findings
alone, in the absence of clinical manifestations."

Wilson and others (1947) support this opinion, and stress
that electrocardlographic abnormalities are not diseases.

"They have no important bearing upon the 1life expectancy of the
patient, or the extent to which his mnode of 1life should be

altered when there ig reasonable doubt as to the nature of the
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factor or factors responsible for them in that particular case..
A dliagnosis which, after careful investigation, 1s not supported
by other evidence can seldom be made with confidence on the
basis of electrocardiographic data alone.."

Effect of Position on the Electrocardiogram

The appearance of the QRS complex and of the T waves may
be less rellable when the subject is in the upright position
(8igler, 1938; Ylvisaker and Kirkland, 1940). However, Dawber
et al. (1952) studied the lead I tracings of 104 subjects and
concluded that there was no essential difference in the re-
liability of the uprignt or fecumbent positions.

The cardlologist reading the tracings will, of course,
take 1into account the posgitlon of the subjects. However, the
proportion of falsely vositive readlings may be reduced by
taking the tracings in the recumbent position.

Electrocardiogram in the Elderly

Iuisada (1954) emphasises that it i1s impossible to draw
a sharp line between normal and abnormal tracings, particularly
in the older age groups. "About one-fourth of apparently normal
0ld persons present more severe electrocardlographic abnormall-
ties indicating myocardial damage...These abnormalities may
not be connected with clinical symptoms or signé.."

The normal electrocardiogram of the elderly subject may
show T waves lower in amplitude, QRS waves slightly wilder and
ocecasionally slurred at or near the base line, and frequently
shows left axlis deviation (Sunderman and Eoerner, 1950). The
cardiologist reading the screenlng electrocardiogranms should

therefore know the age of each subject, to nelp in interpreting
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the signiflicance of the changes.

The Electrocardiogram, Hypertension, and
Left Ventricular Changes

Fishberg (1954) mentions that the majority of patients
with essentlal hypertenslon detected incidentally and without
symptoms have normal electrocardiograms for their age and body
type. Whnen the hypertension has vrosgressed sufficiently far
to produce symptoms, the percentage of persons with ECG abnor-
malities increases.

Gubner and Ungerleider (1943) state that left axis devi-
etion occure in a large proportion of normal subjects, and 1is
of no gignificance as a sign of left ventricular hypertrophy.
They consider that this hypertrophy 1s present when the left
axls deviation 1s accompanled by certain other changes which
the authors specify 1in thelr article. They found that the
electrocardiogram was more sensitive than the teleoroentgeno-
gram for detecting left ventricular hypertrophy. At times,
however, the one test could be relatively normal while the
other showed definite evidence of the hypertrophy.

James and Hilleboe (1955) used the criteria of Gubner
and Ungleider in comparing the findings of the first 1,494
persons attending the Albany Cardiovascular Health Center.
They found that, while a person with an ECG suggesting enlarge-
ment is more likely to have x-ray evidence of thls enlarge-
ment, the correlatlion between the two tests 1s not good. "It
can be provisionally concluded that the two tests elther show

different types or stages of enlargement, or that the human
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interpretation of the tests is sufficiently inexact to cause
this poor correlation."

Autopsy studies have shown that cardiac hypertrophy rarely
can be detected on the chest x-ray until itlls accompanied by
cardlac dilatatlon. The first alternative conclusion of James
and Hilleboe, therefore, is probably the correct one, that
the ECG shows evidence of left ventricular hypertrophy, while
the chest x-ray shows the more advanced stage of left ventricu-
lar dilatation. Both tests are insensitive in screening for
hypertension, with the clectrocardiogram becoming positive
usually at an earlier stage than the chesi x-ray.

Consistency of Electrocardlograph Readings

Four cardiologists in the Albany Cardiovascular Health
Center independently read the 1l2-lead electrocardlograms for
signs of left ventricular hypertrophy (James and Hilleboe,
1955). The electrocardiograph interpretation varied from one
reader to another. It may possibly also vary with the same
reader at different times, although this was not tested in the
Albany study. This subject needs further lnvestigatlion.

Electrocardiogram and Obesity

Simonson and Keys (1932) found that with increasing body
weight there is a pronounced tendency for the ECG pattern to
show a more horizontal position of the heart. This finding
might be wrongly interpreted if the presence of obesity were
unknown.

A weight correction appears desirable for a more precise

definition of normal electrocardiograrh standards and for the
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evaluation of an abnormality. This is particularly relevant
in conslidering ECG records on the borderline between health
and disease (Annotation, 1954).

When the screenee 1s obese, it seems advisable to note
the presence of obesity to assist the electrocardiogram reader
in interpreting the tracing. i

Electrocardiogram in Screening

Ferguson and O'Connell (1926) studied 1,812 midshipmen,
of whom all except three were considered free from heart disease.
52 per cent of their electrocardiographitracings were perfectly
normal, while an additional large number showed changes of
no importance. Because of the number showlng changes which
would not usually be regarded as variatlions of the normal, the
investigators concluded that the electrocardiogram was not a
useful screening test.

Wood et al. (1941) studied 229 executives and 153 students
sdlected because of suspected or known heart disease, and 705
unselected students. They concluded that "in persons under
30, electrocardiographic study does not demonstrate abnormali-
ties of importance from the military standpoint which are not
discoverable on physical examination."This does not, however,
discourage its use 1n a screening program which involves no
vhysical examination.

Viscidi and Gelger (1943) found that 5C per cent of 5000
unselected young working adults had tracings beyond the limits
of normal. Included in the abnormalitles, however, were slurrlng

of the QRS complex (in 36 per cent) and prolonged QT interval
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(in 17 per cent). It was concluded that, using the authors'
criteria of abnormality, the electrocardiogram is an unreliable
screening test which produces too many false positives.

Reallsing that the previously used criteria for abnor-
mality had probably been largely variations of the normal,
Hall et al. studled the records of 2000 members of the Royal
Canadian Airforce Alrcrew who had passed the standard medical
examination. They classified 0.45 per cent of the tracings as
"definitely abnormal", and 14.9 per cent as "doubtful abnormal."

Dawber et al. (1952) analysed the electrocardiograph
tracings of 2000 volunteers in a cardiovascular disease study.
Bach 12-lead electrocardiogram was read separately by four
physicians, and the majority reading was used to classlify each
tracing as normal, doubtful or abnormal. The test correctly
clasgified 89 per cent of versons free of heart disease, but
missed 53 per cent of those with cardilovascular disease. This
result cannot be regarded as satlisfactory in practice, since
it will refer wrongly 11 per cent of persons without heart
disease.

A similar study was recently carried out on 2,252 Los
Angeles City employees ( Phillips et al.,1953; Phillips,1955).
After a complete physical examination, 162 persons were found
to have heart disease and 80 had potential or possible heart

di

63

ease. 1% per cent of the 2,010 persons without heart dilsease
had abnormel 12- or 13-lead tracings, again confirming the
nigh proportion of false positives. 65 per cent of the 242

versons with definite or possible heart disease had abnormal
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electrocardiograms, confirming the low sensitivity of the test.

Hatneyson (1954) took electrocardlograms during the periodic
exenination of employees. 19 per cent of those employees dlag-
nosed clinically as normal had abnormal or doubtful tracings;
55 per cent of those with the clinical diagnosis of cardio-
vascular disease had abnormal or doubtful tracings. Matheyson
believed that "the electrocardiogram is a useful adjunct to
the periodic health examination."” His results suggest, however,
that the electrocardiogram without the physical examination
will give too many false positive results.

Studying hospital inpatients, Witham and Jones (1956)
took lead I and three chest leads on 126 cases of known heart
disease and 92 persons without cardliovascular invélvement.

83 per cent of the cardiacs were correctly classified and 11
ner cent of the Mnormals" were wrongly classified as abnormal.
Witham and Jones found that "minor" abnormalities were impor-
tant in detecting the cases, and also mainly responsible for
the false positilves.

The Richmond, Virginia, multitest clinic carried out
12-lead electrocardiograms on 3,179 screenees. Of 445 persons
screened as doubtful or positive, 99 were confirmed to have
cardiovascular disease (American Kedical Associlation, 1955).
The previously unknown cases numbered 27.

The sereening electrocardiograms of 3,984 dock workers
in San Frencisco produced 666 positives (Weinerman et al.,
1952). 301 were eventually dlagnosed to have cardlovascular
disease, of whom 132 were previously unknown.

Traci

™e Lead I Tracing
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“ecause of the time talzen to carry out 12 lead
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need for undressing, Dawber et al. (1952) determined the value
of uslng lead I alone as a screening procedure. Lead I was
cho.sen because oftthe relative constancy of the complexes in
nopmal individuals. The tracings were read by two readers,
with 90 per cent agreement. The remaining 10 per cent were
reread 1In order to agree upon a common interpretation. Their
results were as follows:

ECG Clasgsification

Normal Doubtful Abnormal
Clinical Diagnosis
No heart disease 80.3%(89.3%) 9:2%(7.3%) 10.5%(3.4%)

Possible heart disease 63.5%(64.1%) 12.6%(20.5%) 23.9%(15.4%)
Heart disease 50.9%(53.1%) 19.3%(18.4%) 30.2%(28.5%)

The figures in parentheses are the equivalent findings
when the 12-lead tracing is used. The proportion of clinically
normal persons wrongly classified by the ECEG increased from
11 per cent to 20 per cent vwhen the lead I tracing alone was
used. There is relatively little change, however, in the effect
of the test on those with heart disease. Dawber and his co-
workers concluded that if the electrocardlogram be used as 2
screening test, lead I appears to be the method of cholce.

Two recent studies have been less favourable to the use
of lead I as a screening test. Kurlander et al. (1955)'found
that 23 per cent of hospital cutpatients without hypertension
or heart dicease had positive lead I tracings. This proportion
18 probably higher, however, than would be obtalined on screen-
ing apparently well persons from the general population. Of

those outpatients newly discovered to have heart disease or



hypertension, 40 per cent had positive tracings. These results
suggest that the lead I tracing is a screening test of low
sensitivity and low specificity, and is not a good method of
screening out individuals with cardiovascular disease.

Weintraub (1955) studied 200 definitely abnormal 12-lead
electrocardlograms, carried out mainly on elderly males. 26 per
cent were found to have a normal lead I tracing. Half of the
subjects in thils category had an old posterior wall or postero-
lateral infarction. Welntraub concluded that, if electrocardi-
ograrhy 1s to be used in screening, multiple leads are much
preferable to lead I alone.

The Baltimore Clinic

The evidence appeared fairly clear that, even with 12
leads the ECG would miss many cases of heart disease. However,
it was felt that electrocardiography would detect a number
of cases of heart disease which would otherwise remain undis-
covered, despite the low sensitivity of the test.

It also appeared felirly clear that the lead I tracing
2lone would result in too many false positives. To improve this
low specificity in the Baltimore clinic, the three blpolar and
three unipolar limb leads were taken with screenees in the
supine position. No undressing was thus required.

‘The tracings, bearing the age and blood pressure readings
of the screenees, were classified by a cardiologist as normal,
doubtful or atnormal. Fersons with doubtful readings were in-
vited to return for 1l2-lead ECGs, which were finally used to
classify the result as normal or abnormal. Thne screenee was

referred when tic 12 or 6 lead traclng was abnormal, or wien
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the 6-lead tracing was doubtful and the screenee failed to

return for the rescreening test.

The cardiologist used the revised recommendations of the

Framingham Epidemlology Study as a guide in classifying the

tracings (Kurlander et al.,1955). These criteria are given

below:
Element

P wave

P-R Interval

& wave

QRS interval

R wave, height

S wave, height

S-T7 segment, deviation

T wave, amplitude

Rate
Rhythm

- . *« e e »

Vo ~N ot punpE

10.

11.
12I

13.
14,

15.
16.
17.
18.
19.

20.
21.
22.
24,

25.

. Width - 0.11

Abnormal Feature

Inverted

Helght - 1.1 mm. or over
sec. Or over.
Notched.

Biphasic.

Isoelectric.

0.20 sec. or over.
Width - 6.04 sec. or over.
Depth - 1.5 mm. or over.

C.1l1 sec. or over.

Under 1.5 mnm.
15 mm. and over.

Greater than R, unless low véltage.

1 mm. or more deviation above or
below base lins.

Inverted..
Isocelectric.
Biphasic.

0.8 mm. or less.

120 or over.

Ayricular fibrlllation or flutter.
Paroxysmal auricular tachycardia.
Paroxysnmal ventricular tachycardia.
deart Dblock.

Multifocal or coupled rhythm.

The following are normal: Bradycardia of any degree, except

in the presence of heart block (23).

Ventricular premature

systoles, unless multifocal or coupled rhythn (24). Wandering
pacemaker. Occaslonal auricular and ventricular premaiture

gsystoles.



Results of the Baltimore Clinic
The results are shown in Table 3 of this chapter. Since
no significant differences were found in the same age groups
of the two sexes, these age groups are not shown separately
for each sex.
Table 3 - Results of Electrocardiogram in Screening for Heart

Disease and of Follow-up with the Physician, by
Age and Bex of Persons Screened.

Bcreening and Total 1/ BY AGE IF YEARS BY SEX 3/
j persons | Both sexes 2/ All ages

follow-up results screened 30 30-44 45-564 55+ | Male Female
funber screencd 2020 438 836 600 131 | 923 1095
Tormal 1773 k23 776 482 81! 809 962
Doubtful or abmormal 247 15 60 118 50 | 114 133

Heart condition %

Dreviously unknown 104 113 55 oC 33% 88 106
PFollow-up with f

physlclan comvleted 128 To2r 66 26 54 T4

Previously unknown 16 0 10 4f 9 -

tc physician

Rate per 1000 persons screened
%Humber screened ; 1000 :IOOO 1000 1000 1000 . 1000 1000
Yormal 878 - 966 928 803 6181 877 879
Doubtful or abnormal 122 % 34 72 197 382 i 123 121 .
e e 9% %0 & 10 22| 95 o1
;ﬁ%ﬁiﬁ%iﬁ ?éggleted 63 ~ 16 32 110 199 f 59 S8
Patiigee a1 o 2w w a0
Freviously unlimmown g 0 1 15 31 10 6

to vhysicion

;/ Includes unknown age and sex. g/ Includes unknown sex.
2/ Includes unknown age.




Age. The proportion of positive rests and the yleld of the
test increased with each succeeding age group. Like the chest
x-ray for heart disease, the yield was very poor with indi-
viduals under 45 years. Indeed, thls yield is so low that the
screening electrocardiogram appears suitable for use only with
persons 45 years and over.

Completion of follow-up procedure. The proportion of previously

uninown positlve screenees who sought diagnostic examination
rose with each increase in age group above 44 years. Only in
the age group 30-44 yeare was this proportion under 50 per cent.

Confirmed caseg. Just over one-third of the confirmed cases

were previously unknown to the personal physician, according
to the physician follow-up forms.

False positilve:true positive ratio. When all the referrals

are included, this ratio was 3%:1. When only those referrals
who took the dlagnostic examination are included, the ratio
was just vnder 2:1.

Table 4 - Results of Zlectrocardiogram in Screening for Heart
Disease, by race and sex of Persons Screened.

Screening Total 1/ WHITE | HON-WHITE l
persons | Foth | Both |

result screened | sexes Hale Fem;lci sexes Male alq
Total personsi ? = 33 i i
o ~ c | 156 4 432 177 D56 |
Sereencd 202 ;1569 735 S3 5 55

Rate per 1000 persons screened

Total persons 14505 | 1000 1000 1000 | 1000 1000 1000
Ecreened 5 i : :

Tormal S 878 1 887 882 591 . Q47 842 847

Doubtful end © 35 113 118 109 153 152 153
gbnormal ; ;

_/ Includes untuown race and sex.

AN
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Race. Table 4 shows thet the proportion of doubtful and abnormal
regults was greater among non-white versons, even although the
average age of the non-white group attending was lower. The

racial differences occurred in both sexes.

Rescreening results. Fifty-stx individuals with a 6-lead ECG

classified as "doubtful" were invited to return for a 12-lead
electrocardiogram( Of 41 who did so, 31 were classified as
normal by the repeat reading, and 10 as abnormal. The consider-
able reduction in the proportion of false positives appeared
to make thls rescreening procedure well worth while.
Comparison with Other "Heart" Screening Tests

The three screening procedures for "heart disease" resulted
in the discovery of 33 confirmed cases per 1000 screences. The
electrocardiogram wag positive in 21 of these cases, and was
the only positive test in at least 8 of these cases. The ECG
was more sensitive than the chest x-ray and the questionary,
which were positive in 16 and 9 of the cases respectlively per
1000 screenees.

Although the electrocardiogram produced the greatest
yield of the three testg, this fact cannot be used as the
main criterion for judging its value. The cases discovered by
the electrocerdiogram may or may not be less responsive to
treatment than are the cases found by the other methods. Further
study is needed to determine to what extent such cases beneflt
by early discovery.

Sunmary

The 6-lead electrocardiogran is a satisfactory screening
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test for heart dlsease in persons 45 yearc and over. The ECG
was more gensltlive than the other "heart" tests used in the
Baltimore clinio, althbugh othef studles have shown thét its
sensitivity isllow. It.is not kn§wn tb what extent the cases
Biscovered by the electrocafd;;graﬁ benefit by their éariy

detection.

~3 e syeshlonerets valuo
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The Questionary in Cardiovascular Disease

The Cornell Medical Index is probably the best known of
all quecstionaries in use at present. As originally described,
this index contalns 195 questions corresponding closely to
those usually asked in a detalled and comprehensive medical
interview. Its completion tekes 10-20 minutes.

The Cornell lMedical Index draws attention to areas in
vhich the patient may have disease manifestations. These areas
must bthen be investigated to determine what specific dlsease
is present. Brodman et al. (1951) emphasise that it does not
"make automatic diagnoses."

When used on outpatlents attending a teaching clinic and
when interpreted by physicians, the index identified 5.6 diag-
nostic areas (e.g. eye condition, hernia, varicose veins) per
patient, these areas being confirmed on dlagnosis; 0.4 dilag-
nostic area was missed per patient; 0.3 diagnostic area was
identified by the index and found not to be present on diag-
nostic examination.

This last finding was probably the most significant from
the point of view of the questionary's value in screening.
Thirty diagnostic areas per 100 patients were wrongly ldenti-
fied and found not to be present on examination. This error
would involve less than thirty patients,but the number would
still remain seriously high. Since these [lndings were based
on hospital outpatients, however, the proportion of false posi-
tives may be smaller when the questionary is used on apparently

well persons.
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godeman (1951) found that the Cornell Medical Index missed
nothing of importance when its results were compared with the
history taken by an internist. If the questionary had been
usged for screening, however, it would have causéd the neealess
referral of 20 per cent of the individuals studied.

Derryberry, commenting on the results of the T.V.A. multiple
screening survey, belleved that the Cornell iedical Index was
long and not well sulted to screening apparently well persons.
(American Medical Assoclation, 1955).

Thirty-two questions, modified from the Cornell Medical
Index, were used at first in the survey of dock workers in
San Francisco (Weilnérman et’al.,1952). However, when 77 per
cent of the men gave one or more affirmative answers, and 41
per cent gave three or more, 1ts use for referral was abandoned.

Getting and Lombard (1952) gave particulars of the results
of the first three Health Protection Clinics in Massachusetts.
A Self-Screcner was used, which was similar to the Cornell
iedical Index. The figures given below are based on 1,399

referrals on whom reports were obtained from the family physi-

clan.
Diagnostic area Positive on Number of False Positives:
Screening. 1 True Positive
Overweight 583 0.8
Hypertension 361 1.7
Female Genitals 345 2.5
Prostate 75 5.2
Underweight 79 5.5
Heart 274 6.2
Diabetes 174 6.9
Among the completely unsatisfactory were
Arteriosclerosis 96 95.0



Getting and Lombard concluded: "Therefore it is our opinion
that for the majority of diseases tlhie self screener or clinical
history 1s reasonably good, but for a minority of the diseases
it is of 1little value." To reach this conclusion the authors
appear to feel that the wrong referral of a false poSitive

is not a serious matter. Some arbitrary decision has to be
reached, however, on when a test becomes unsatisfactory. If it
ig declded that more than three false positives for every true
positive should not be tolerated, only three diagnostic areas
come within this 1imit. Among the diagnostic areas beyond this
1imit is that dealing with heart disease.

Kurlander et al. (1955) used a questionary on hospital
outpatients, znd found 1t a poor method of differentiating
between persons with and without cardiovascular disease.

nillips, Chapman and Goerke (1953; Phillivps, 1955) are
probably the investigators who have published the most helpful
investigation of the use of the questionary in detecting heart
disease. They asked 2,252 individuals selected at random from
20,199 Los Angeles City employees to answer seven questlons.
An answer which indicated that a symptom was present was con-
sidered positive.

162 of the 252 individuals were found on clinical exanin-
ation to have heart disease. One-third of the»cases had pre-

vious knowledge of the condition, and are excluded from the

oL

figures given on the following page.
Second and third examinations were carrled out on these
seme persons 12-18 months apart. The questionary findings vere

comparevle in all taree examloatlons. The autiore polnted out
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the large number of false positives to most of the questions
suggested that the second, third and fourth questions were the
nost useful, but made no definite conclusions or recommendations.

Question Positive answer by
Cardlacs Normals

1. Can you walk a reasonable distance :
outdoors without trouble ? 7.5% 1.39

2. Do you ever pave distress, paln or an
uncomfortable feeling in the chest
while walking on the street or up
inclines or steps ? 33.3% 4.5%

5. While walking are you forced to stop :
in order to resgt ? 20.0% 2.87

4., Have you noticed increasing or undue
shortness of breath on exertion ? 44.0% 17.0%

5. Is your sleep dlsturbed because of:
Coughing spells %
Difficulty in breathing when lying
flat in bed ?

Agthma attacks ? Not

Choking sensation in the chest ? 6% available
6. Have you ever had palpitation of -

the heart 2 25.6% 10.83%
7. Are your ankles swollen at bedtime ? - 8.6% 4.2%

The Baltimore Clinic

RQuestlons 2 and 3 above were used in the Baltimore clinic
questionary. It was declded to refer only those persons who
rave a positive answer to both questlions. This procedure would
reduce the number of false positive results, as well as reducling
the sensitivity of the test. The results are shown in Table 6
of this chapter.
Ace. The proportion of screenees giving a positive answer to
bothr questions tende to increase with age.
Sex. Women of all age groups consistently have & higher pro-
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Results of Symrtomatic Screeni

ng

a1 Tor Heart Disease

and of Follow-up with the Physiclan, by Age and by
Sex of Persons Screened

unknown to MD.

‘Bereening and TOTAL{ MALES,BY AGE IN YEARS |FEMAIES,BY ACZ II. YEARS
follow-up 1/ ! 2 I ; E/

results iTotalE <30 30-4445-641 65+ Tofall«30 [30-4445-64 554
Number i o ] ( ‘ ]
cereened 1898 | 8761165| 374 281 | 54 1019 253 koh 205 68
egative 1502 721133 333 213 40 779 223 323 180 37
One guestion . | i ; B s '

cosiiive 233 119 300 37 44 8 163 26 61 56 10
Both guestions | ~ ! f , i ’

sositive 115 26 2 b2k 6 77T 5 20 4o 12
Heart disease : i '

previously 78 7T 2 0 14 1 61 4 19 32 G
unknown . ! . : v

Follow-upr with ; : Q ) J
uD. completed 2 9; 10 - L 32 1 ¢ 20 %
feart disease ‘ » . - .
confirmed 17 6; 1.0 4 1. 11 o 1 8 )
Freviously , ’ ' - -
uninown to MD. 2 c o o © O 5 0 1 - 1
i Rete per 1000 persong screened

Tumber 5 f i ? : V ' .
screcned 1000 1000 1000ilOOOéloOO%IOOO? lOOOlOOOiOOO 1000 1000
Tegative 791 823 806 890 | 758 ' 74l T6H 87T 799 663 544
One guestion J N A oq | 0 i aa7 1L o7
rositive 149 | 136 j lug; 59 157 14&)‘ 160; 103 151 ; 197 75
Both questions 50 = 41 12 11 85 111 76 20 50 140 177
posgitive : ; ;

Heart discase : ; ‘ : , .
previously 41 19 12 0, 50 19 60 16 47 11z G0
unZnown : :

Follow-up with . ., | § ; | 90 o n 20 0

1D. completed 22 | 10, 6. 0 i 25 l/:; 0 5 : ! >7
Heart diseace z ; ; b 14 194 11 O 28 20
confirmed 9 71 61 © i 93: f , o Z i
Previously 3 0 - 0 . ol 0o o0 5! o\- 3z 11 15

1/ Includes sex and

age not stated. 2/ Includes unknown age.
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portion of positive answers to both questions than men of the sane

age

3]

roups.

Completion of follow-up procedure. In general, the proportion of

positlve screenees who sought diagnostic examination increases
with age. 54 per cent of the rreviously unknown positive screenees
visited thelr personal physician.

med cases. Just under one-third of the confirmed cascs

c
(@]
&)
Hh
1
I

were previously unknown, according to the vhysician follow-up

o

orms.

-

bxf

alse positive:True positive ratio. When sll the referrals

are included, this ratio is 3.6:1. When only those referrals
who had the dlagnostic examination are included, the ratio:
is 1.4:1.

Table 7 - Results of Symptomatic Scresning for Eeart Disease,
by Race and Sex of Persons Screened.

Screening ~Total 1/ WHITE NON-WHITE
Tersons Both Roth

results screened sexes Male TFemele | sexes HMale Female

Total persons - -

corennog 1598 1485 705 780 | 396 162 234

Rate per 1000 persons screened

Total persons

sereened 1C00 | 1000 1000 1000 1000 1000 1000

Negative 791 XL 80% 826 783 750 815 705

One question § n

e i o ne ! i

positive

1/ Includes race and s

Race. lon-wihite women g

<Y

[
Wl
Wl

+than did tre wilte women. Ho significant differences

ave more positive answers to both cues-



Comparison with other "Heart" Screening Tests

As was to be expected, the questionary was the least
sensitive of the three tests, being positive in only 9 of the
33 confirmed cases per 1000 screenees.bThe number of cases
who would have been missed if the questlonary had not been
used 18 not known. The yleld of previocusly unknown cases was
2.6 per 1000 screenees, all of the cases belng women.

Summary.
The questionary for heart disease, as used intthe Baltimore

"eart" tests.

clinic, was the least sensitive of the three
Wnen an electrocardiogram and chest x-ray are used, it seems
doubtful that the questionary significantly increases the yield
of cases. In the absence of the other ﬂwo tests, however, the

questionary was sufficlently specific to be of value in detect-

ing a small proportion of the cases.

-4
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SCREENING FOR ANAEMIA

Anaemia 1s a deficiency in the number of red cells, amount
of haemoglobln or the relative volume of packed cells per unit
of volume (Wintrobe, 1954). A number of factors must be considered
in screeniﬁg Tor anaemia.

Eaemoglobin Fluctuations in the Hormal Ferson

Banting and Best emphasise that, "even under ordinary
conditlons, the concentration of red cells may vary in differ-
ent parts of the clrculation. The proportion of red cells in
the capillaries 1is greater as a rule than in the heart and
larger vessels, by around 12 ver cent.."

Fluctuations of 1-2 gm. per cent are stated to occur
within a short period of time (Doan, 1931; Fowler, 1949),
apparently due to the release into the circulation of a supply
of red cells stored in the splenic pulp. Exercise and emotional
factors such as fear and excltement produce haemoconcentration.
Recumbency produces an increase in plasma volume, with a fall
in haemglobin concentratlion.

Lesg definite are the postvrandial fall, diurnal vari-
ations and seasonal changes (Wintrobe, 1951). Except where
differences in altitude exist, there is no convincing evidence
to show that geographic factors affect the haemoglobin level
(Wintrobe, 1951).

In screening, the fluctuations would seem to produce

errors in the direction of filse negative results -- the mildly

-

Iy - = - 1]
anaemic persons being classified as "normel” because of a

temnorary rise in haemoglobiln concentration. The factors men-



tioned so far should not require an alteration in the screening
level.
Sex Difference in Haemoglobin Concentration

Widdowson and McCance (1936) gave 100 mg. iron daily for
2-3 weeks to 15 men and 16 women. There was a sharp rise in
the haemoglobin concentration of the women to reach approxi-
mately the accepted "normal" level for men. The men showed only
a slight rise in the haemoglobin concentration. The authors
believed that there was no true sex difference in haemoglobin
levels, and that the frequently found lower levels in women
should be regarded as "mildly pathological."

Yudkin (1944) studied tihe blood of recrults to the Women's
Auxlliary Air Force in Great Britain. After six months or more
on a diet of high iron content the haemoglobin concentrations
of the women had risen to reach a value acceptable as "mormal
for men.

Twenty-two apparently normal women of chlld bearing age
took 300-346 mg. Terrous iron daily for eight weeks. Vahlqulst
(1650) found that the haemoglobin concentration did not in-
crease beyond the values in another comparable group of forty
women, and remained markedly less than the haemoglobin con-
centration of men.

Garry et al. (1954) made two series of observatlons on
the concentration of haemoglobin in the blood of men and of
women studente attending the Univereslty of Glasgow. Cne year's
adninistration of iron supvlement tablets falled to dimirnish

the difference in haemoglobin concentrations in men and women.

)l
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The authors concluded that "..the difference between the cellcs
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ceannot be attributed to an inadequate intake of ironm on the
part of the women."

These selected references show that there is no uniform
opinilon concerning the different haemoglobin concentration
in each sex. However, most family physicians use lower limits
of normal for women than for men. It would therefore appear
wise to use a lower screening level for women.

Haemoglobin Concentrations in Pregnancy

Widdowson (1939) found that large doses of iron halted
the fall in haemoglobin concentration which usually occurs in
pregnancy. Benstead and Theobald (1952), Davis and Jennison
(1954), and Gatenby and Lillie (1955) had similar findings and
concluded that the so-called "physiological anaemia" of preg-
nancy was due to the inadequate intake of iron.

Fisher and Bigss (1955) studied 104 patients who took
iron regularly from the fourth month of pregnancy. Twelve cases
showed a general downward trend in Haemoglobin levels during
pregnancy, with a sharp post-partum rise. The remalining 92
patients had a haemoglobin level around 14.5 gm. per cent at
33 weeks and remained at much the same level for six or more
weeks after delivery. The authors concluded that the frequently
reported fall in haemoglobin during pregnancy can usually be
prevented by administration of iron.

Holly (1955) supports this finding. He feels that 12 gn
ver cent should be regarded as the lowver limit of normel in
pregnancy, since 80 per cent of mothers remain above thls
level when civen supnlemental iron.

Garry et 2l. (1954) feel that such studies arc not con-

. . ' [T SN, mecanney e b ntrat n of
vincing, end state: "During Preguancy uae concentratlio
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haemoglobin 1n the blood of the mother folls still further.
There seens to be an undoubted increase in the total blood
volume, but the increase in the volume of the erythrocygtes

is not so great as the increase in the volume of the plasma.
The resultlng decrease in the concentration of the heamoglobin
is regorded not as an anaemla but as an 'oligocythemic hyper-
volenia'.."

However, ancEditorial (1955) comment on the study:by
Fisher and Biggs (1955) states: "The attainment and maintenance
of & high haemoglobln level during and after pregnancy not
only increases the margin of safety for mother and foetus,
but it also ensures the woman a quicker recovery from childbirth
and gives her more energy to resume her household duties and

' Tt therefore seems reasonable to use

to enjoy her motherhood.'
one screening level for all women, whether pregnant or not.
While this procedure will not meet with the unanimous approval
of the family physicians, it is administratively simple and
hag considerabvle medical evidence for its support.
Haemoglobin Concentrations in the Elderly

Several studies suggest that the haemoglobin levels remaln
fairly constant in women after the menopause, but that the
levels of men over sixty years tend to fall and frequently
reach the female levels in the seventles (ilawkins et al.,l954;
Hawkins, 1956). There is no genersl agreement that this fall
is o "normal" occurrence, since an inadequate dietary intake
mey be involved. However, therec is 2lso no agreement that

elderly men with these lower levels should be given or will



respond to anti-anaemic therapy. Until the haemoglobin fall
in elderly males has been studied more thoroughly, it seems
reasonable to use the same screening level for males of all
ages.
The Limits of Normal

Probably the most widely used figures for the normal
range of haemoglobin concentration are those suggested by
Wintrobe (1951). Wintrobe gives the normal range for males
as 14.0-18.0 gm. per cent, with a mean of 16 gm. per cent;
that for females as 12,0-16.0 gm. per cent, with a mean of
14. gm. per cent.

Most textbooks of clinical pathology recommend values
in this region, with two different ranges usually given for
the two sexes. Sometimes the range quoted is considerably wider,
such as 13-20 gm. per cent for males and 11-18 gm. per cent
for females (Levinson and MacFate, 1951). Occasionally a text-
book, such as that by Todd, Sanford and Wells (1953), suggests
that tge same range should be used for both sexes - in this
case 13.5-17.5 gm. per cent.

flawkineg et al. (1954) studied the haemoglobin values of
1,308 males and 1,424 females in Halifax, Fova Scotla. The
values in women remained fairly constant above age 30 years.
The male values remained fairly constant between the ages of
18 and 50 years. Beyond this age, the mean values shovied a
steady fall. 'lawkins et al. mention that not more than 5 per
cent of males or females in any age group hzd values below

- "t ¥ R
12 em. per cent and 10.0 gm. per cent respectively. These
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levels would appear reasonable for use in screening for anaemla.

D'Alonzo and Rodgers (1955) studied the haemoglobin values
of 17,956 adult men. 7,679 had values 14.0 gm. per cent or
below, and 174 were at or below 12.0 gm. per cent. A total of
103 of these men were ultimately diagnosed to have anaemia or
enother condltion accompanied by anaemia. It would therefore
appear that the frequently aceepted lower 1limit of normal of
14.0 gm. per cent for the haemoglobin level in men will screen
off large numbers of persons who will not be dlagnosed as
having anaemia.

Raclal Difference in Haemoglobin Concentrations

Lower haemoglobln levels are more frequently found in
negroes than in white persons in the United States. This differ-
ence 1s usually attributed to a greater prevalence of anaemla
in negroes, and not to a true racial difference.

Youmans et al. (1950) surveyed 81 per cent of persons
aged 16 years and over living in Wilson County, Tennessee.
They apparently used 13 gm. per cent and 11 gm. per cent as
the lower limits of normal for males and females respectively.
They found that anaemla was present 1in 14 per cent of the
population, with the percentage being considerably greater in
negro and consilderably less 1in white persons. Their results,
and those of Milam and Muench working in North Carolina (1946)
illustrate the fact that the use of 14 and 12 gm. per cent
ag the levels for referral of males and females respectively
will result in a considerable proportion of the population,

especlally the negro population, being placed in the abnormal

3

clagsification.

f

143.



Lowever, although the use of the same screening levels
for coloured and white persons will result in the referral of
a greater proportion of negroes, it is possible that this
referral will be beneficial.

Value of Early Detection

Although the screening levels suggested here are lower than
those usually used as the lower limits of normal, they are
still considerably higher than the levels frequently found
wnen anaemla is first dlagnosed in the physiclan's office.

Whitby end Britton (1950) state that the haemoglobin level
is between 6 and 9 gm. per cent when advice is first sought.
Wintrobe (1951) suggests 6 to 10 gm. per cent, While Witts
(1950) mentions that the haemoglobin concentration may fall
below 6 gm. per cent before discovery of the anaemia. In the
anaenia of pregnancy, Gatenby and Lillie (1955) found that all
patients were clinically anaemic only when the haemoglobln
was below 5.9 gﬁ. per cent.

Even when cemparatively low screening levels are used,
the anaemia is likely to be detected considerably before
symptoms occur to cause the individual to seek medlcal advice.
It is also likely that the individual will benefit by the
earlier dlscovery and treatment of the anaemia.

Methods of Haemoglobin Determination

The Tallqvist method uses absorbent paper on which a drop

of blood ls placed. The colour produced is compared with a

carefully printed colour scale. This method has too great an
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error for screening, this error being stated to be 20-40 per
cent.

Frevious screening programs have used the Dare haemoglo-
binometer. This method uses undiluted blood, which is mabched
directly with a colour scale. The instrument is expensive, and
the errors may be as great as 20 per cent (Todd, Sanford and
Wells, 1953). This method does not appear satlsfactory for use
in screening.

The Haldane Gowers method converts the haemoglobin to
carboxyhaemogloblin. Since this procedure needs a source of
carbon monoxide to be bubbled through the haemoglobin solution,
it is somewhat compllicated for screening large numbers of

ersons. The average techniclan 1s liable to an error of 10

He}

rer cent, although indifferent users produce errors of 20 per
cent or more.

Several acid haematin methods, such as those of Sahlil
or iHaden-Hauser, use blood which has been allowed to stand for
a certain length of time in decinormal hydrochlorlc acid. The
colour produced i1s then compared with a standard. The rate of
acid haematin formation 1s stated to vary (Dyke, 1951), and
requires about 24 hours for completion. However, 95 per cent
of the colour is attained after ten minutes, and the change
is insignificant after half an hour (Wintrobe, 1954). The
readins has therefore to be carried out at a specifilc time

. - - S I . -~
after the test is begun, and a delay ol sore mlnuies wlll cause

the colour to change. The usual error is # 10 per cent (Miller,
1955; Cartwright, 1954), although it rilses to % 30 per cent

3 - PR Y= < el amAl aed T -
when the technigue and eculpment are nov gtandardlsed. The
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acid haematln tests do not appear to be very satisfactory for
use 1in screening.
A number of photoelectric colourimetric methods have been
developed, which are fairly rapid and have 2 range of error
of about + 5 per cent. These methods would appear to be useful
in screening, especlally when the actual haemoglobin values
are désired. A test with this degree of accuracy will permit
the use of screening levels which are closer to the "lower
limits of normal" without referring too many false positives.
Copper Sulphate Specific Gravity Method
Transfusion services use this test in meny parts of the
world, and bellieve it satisfactory for the rapid examination
of large numbers of individuals. The test measures the specific
gravity of blood, whichils related to the haemoglobin content.
The specific gravity of plasma varles around 1.027, de-
pending on the plasma proteln concentration. The red cells
have a specific gravity of around 1.097 (Houssay et al.,1955).
Since haemoglobin makes up from 80 to 90 per cent of the total
so0lids of the red cell, the specific gravity of whole blood
will be malinly affected by the haemoglobin concentration,
although also influenced to a lesser extent by other constltuents.
When the specific gravity of the blood plasma is deter-
mined separately, the haemoglobin estimation 1s stated to have
an error of # 2 per cent. When the placma specific gravity is
not estimated separately, 1t is assumed to be about 1.027 and
tlhe resultant haemoglobin estimation 1s stated to have en error

of 4+ 1C per cent. This simplified method 1s the usual screening

rrocedure.
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The test is carried out by allowing a esmall drop of wholec
blood to fall into copper sulphate solutions of known specific
gravity. On entering the solution each drop becomes encased
in a sack of copper-proteinate, and remains as a discrete drop
without change of specific gravity for 15 or 20 seconds.

Within five seconds the momentum of the fall is lost and
the drop then elther begins to rise, or becomes stationary,
or continues to fall. A drop lighter than the test solution
will rise, perhaps only a few millimetres, and may begin tc
slnk immediately afterwards.

If the drop is of the same specific gravity as the test
solution 1t will become statlonary for a few seconds and then
fall. Ifithe drop is heavlier than the solution it will continue
to fa2ll on entering the solution. The behavliour of the drop
in the ten seconds after it has lost its momentum of fall
indicates whether the drop 1s lighter or heavlier than the test
solution.

When the actual plasme specific gravity ié within normal
range, the error caused by taking the fixed value of 1.027
is + 4 per cent. When a pathological condition has caused the
plasma specific gravity to go beyond the normal range, the
haemoglobin estimation error is + 9 per cent. These figures
give the error when the test is carried out with complete
accuracy. An additiorel figure must be added for the error
involved in carrylag out the test.

In the Baltimore clinic, three different solutlons were
used with specific gravities correspondlng to haemoglobin

o, zer cent. Yhen & aron

. - - FRRT 9
concentrations of 12.3,11.2 and 10.0

147.



of blood remalined statlionary or rose in the 11.3 gm. per cent
solution, the test was regarded as positive for men. The 1C.0
gm. per cent solution was used for the referral of women. The
12.3 gm. per cent solution, which is the value used to deter-
mine eleglbllity for donating blood in the United States, was
included only for research purposes.

The Control Divielon of the Bureau of lLeboratories of the
Maryland State Department of Health retested 116 of the venous
blood specimens. An oxyhaemoglobin photoelectric colourimetric
procedure, which was likely to give results within 5 per cent
of the correct value, was used. A comparlison of the results
obtained by the two methods suggests the following:

1. The actual screening levels used were about 1 gm. per cent
higher than had been realised. When a specimen of blood with
a haemoglobin concentration of 11.3 gm. per cent was dropped
into the 11.3 gm. per cent solution, 1t would theoretically
have an equal chance of being classifled as above or below
that level, since no other result could be recorded. However,
because a drop which remained stationary for a few seconds
was arbitrarily classified as "below" the level, the specimen
actually had to be 1 gm. per cent greater than the solution
before there was a 50 per cent chance of belng classified as
"above". In practice, therefore, the women had been screened
at 11.0 gn. per cent and the men at 12.3 gm. per cent. Sowdoln
(1951) nhas published a similar finding.

g as the blood specimen was within 3 gm. per cent

of' the actual scrcéniﬂg level, there was a chance that the

i

seeinen would be wrongly classifled. Tor instance, 2 Der cent



of spyeclmens with a haemoglobin concentration of 9.2 gm. per
cent, when dropped into the 11.3 gm. per cent solution, would
be wrongly classified as "above" the screening level.

The fact that the technicians in Baltimore had no previcus
experience with thls test may have resulted in the error being
larger than usual. It is evident, however, that the error is =
very conslderable one. The results support Liddelow's (1953)
concluslions that this test is unreliable for accurate work
and of value only in obtaining an approximate estimate in an
urgent case.

In summery, the copper sulphate specific gravity method
of determining haemoglobin concentration 1s simple, rapid and
inexpensive. Its large range of error, however, suggests that
the test should be replaced in fulure screening programs by a
photoelectric colourimetric method. The specific gravity method
wlll refer a considerable proportlon of false positives unless
the screening levels used are well below the "limits of normal"
for haemoglobin concentration.

Packed Cell Volume 1n Screenling.

Cliniciens wldely use a haematocrit test for packed cell
volume to determine if a more thorough blood examination 1s
required. The packed cell volume is low when the number of
cells is reduced, the amount of haemogloblin is diminished, or
when both changes are present. Either of these findings indl-
cate the need for Further examination.

Since duolicate samples centrifuged at the same time will

149.



agree within # 1 per cent the test ig as accurate as the most
exact of the haemoglobin tests. Its main drawbacks in screening
are the amount of blood required and the need to have several
centrifuges working continuously.

4 method 1s now available, however, whilch uses only a small
amount of blood centrifuged for five minutes at high speed in
a caplllary tube which 1s discarded at the end of the test.
This method is stated to have an error of # 2 to 4 per cent
(Miller, 1955), and would appear to be quite practicable for
use in screening.

Previous Screening Prgzrams for Anaemla

The Richmond, Virginia, Multitest Clinic (American lMedical
Association, 1955) used the Dare haemoglobinometer to determine
hasmoglobin concentration. Both sexes were referred if below
12 gm.per cent. Of the 4,967 positive screeneses, 1,034 were
confirmed to have anaemia by thelr personal physicilans. Half
of the confirmed cases were previcusly unknown.

The Indlanapolis, Indiana, multlple screenling program
(Carroll, Kurlander and Nester, 1954) used a photoelectric
colourimetric method, with 12.5 and 11.0 gm. per cent as the
screening levels for males and females respectively. 923 posi-
tive screenees produced 220 confirmed cases, 96 of whom were
previously unknown.

The dock workers' survey in San Francisco, Celifornia,
produced only five positlve screenees below 12.3 gm. per cent,
with one newly discovered confirmed case (Weinerman et al.,

10982,



Derryberry (1955) commente on the T.V.A. multiple screening
survey in Alabama that the inclusion of a haemoglobin estimation
in the screening procedure did not appear to be worth while.
Since 1.4 per cent of the screenees were diagnoséd as having
anaemia or other blood conditions, however, others may disagree
with his conclusion.

Collen and Linden (1955) found that 86 of 1000 persons
screened below 13 gm. per cent by the copper sulphate specific
gravity method. Of 39 who were retested by the Klett colouri-
metric procedure, 39 per cent were confirmed to be below this
level. |

The Baltimore Clinic

¥en were referred 1f the drop of blood remained stationary
or rose in the solution corresponding to a haemogloblin con-
centration of 11.3 gm. per cent. The 10.0 gm. per cent solutlon
was uvsed to refer women. This procedure actually resulted in
the referrzl of men below 12.3 gm. per cent and of women below
"11.0 gm. per cent. These latter values will now be referred to
as the actual screening levels.

The resultse are shown in Table 1 of thls chapter.

Aze. The proportion of positive tests decreased with age in

women.

Sex. The majority of positive tests and 211 the confirmed cases
occurred in women. A screening level of 12.3 gm. per cent does
not produce a satisfactory yleld of cases lp nen.

Completion of follow-up procedure. Less than 50 per cent of

.

tihe positive screences had o diagnostic examination.
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Table 1 - “§31lts of Bereening for Anaemia and of rollow-un
with the vhysician, by Age and Sex ol Persons Scrccned.
Bereening and |TOTAL| IMALES, BY AGE 1. YRALS iFBHALES,EY AGE I YEARS
follow-up v o2 L 2 ;
resglts Totall <30 90—4443 64 65+ liToTal<30 [30-4445- 65+
umber : ; i ’ ‘
‘sereened 1980 ?914 171 %402 283 © 56 :1063 26Q 4217 300 71
Normal 11948 1911 171 | 400 {282 | 56 11034 247 408 293 71
Abnormal | 32 b, 0 2 1 0 -20 13 17 o) a
fncemils previ- . : 5 f
gﬁo1; unlmonm | 29 5 o2 X c . 26 11 12 2 o
Tollow-up with .. : ,
1D. completsd | ~7 0 0 0 Y 0 13 & 5 2 0
Aneeniz g , 5 1 o
confirmed & O 0 0 0 o o b 3 1 C
Previcusly
. A ‘ \
unknown to ID. 7 0 0 0 0 0 7 2 1 C
Hate per 1000 persons screcned
Mumber N : 0 T ! '
oreened 1000 1000 1000 1000 1000 1000 1000 100010001000 1000
Tormal 984 997 1000 995 | 996 1000 | 973, 950 969 | 993 1000
Abnormal 16 3.0 5. 4 o0 27 ? 50 31, 7 O
Anaenia nrev*-? - - é ; " - § j
ously unltnova | A 4 0 i 25, 422 2 7 ©
Follow-up with: ﬁ ; 94 o= el e ,
D comvpleted 7 ; 0 ; © 0 ) 0, © i 1d j =7 lc; f C
A o O 1t n . . : : 1’, : i :
Anzcemia L4 .0 o0, 8 15 T 0
confirmed i B0 ° 0 ; A { 13g T, 3
4 r : . : i - ‘
Freviously 5 o o0 o0 0O O . T 15 5. 3 0
nkné.m to MD. ; : L : 1 , L i
I7 Includes olaoRse ace and sex o/ Includes unknown age.
False positive:truc positive ratio. This 1s 2%s1 when all the

referrals are included, and 3:4 when only those referrals are

included vho completed the follow-up examinatlon.

Previously unlknown cases. Almost all of the confirmed cases

were previously unimown to the physician.

Tahle 2 showe that the proportion of poslitive tests is

‘JJ

a.ce.

creater among non-wnite persons than among winlte persons of
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Table 2 - Results of Screening for Anaemia, by Race and Sex
of Persons Screened.

Gereening Total 1/ WHITE ‘ NOK-WHITE
rersons | Both | Both

reiu%ts screened | sexes Male Female  sexes Male Fenale

Total percons i _ 1

screened 1980 1 1539 727 812 | 422 176 246

Rate per 1000 persons scereened

Total persons|

oresned 1000 1000 1000 1000 1000 1000 1000
Normal 934 ' 986 997 97T . 9TA 994 959
Abnormal % 16 14 3 23 . 26 6 41

1/ Includes unknown race and sex.

Summary
The screening of men for anaenia at a level of 12.3 gm.
per cent 1s a non-productive test. The screening of women at
11.0 gm. per cent gives a reasonable yleld of previously unknown
cases. It 1s suggested that future screening programs should
replace the copper sulphate specific gravity method with a

more accurate photoelectric colourimetric method.
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Chapter 5




SCREEZNIING FOR OBESITY

Obesity is present in a person who has an excessive amount
of adipose tissue. While the obese person is usually overweight,
not all overwelght persons are obese. An individual may be
overwelght, for instance, when his musculo-skeletal system is
unusually well developed. Such a person is not necessarily obecse.

Overwelight 1s closely associated with excessive mortality
from severasl chronic diseases. Persons more than 25 per cent
above "normal" weight have more than twelve times the mortality
rate from dlabetes; three times that from cerebral haemorrhage
and apoplexy; four times that from nephritis; and two times
that from organlic heart disezse than do slightly underweight
persons (Breslow, 1951).

The comparison of body welght with standard age-helght-
welght tables 1s not a satisfactory method of determining the
presence of obesity (Brozek and Keys, 1950). At present, how-
ever, no other method has been made sufficlently standard or
simple to be used in screening for obesity.

Skin fold measurements have been extensively used in
recent nutrition surveys, particularly in Canada. The calipers
for measuring the skin folds, however, have not yet been
standardised for this procedure (Edwards et 2l.,1955). HMore-
over, there is no general agreement on the sltes to be measured
or on the range of normal values.

Hammond (1955) has advocated expreseing fat measurements
relative to the x-ray thicknees of uncompressed fat. This

. . O Ll 4 ~ 1 d
method would be useful 1in screening if the chest x-ray could
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be used Tor these measurements. Berry and Nash (1955) have
shown that there is a correlation between chest X-ray measure-
ments and caliper measurements, but that the X-ray can have a
considerable margin of error in individual cases.
Available Height-Weight Tables

The Metropoclitan Life Insurance Company (1943) tables
have been widely used in the United States. These tables give
. one set of values for adult men, and one for adult women. The
values are based on the belief that, while the body weight
frequently increases with age, this increase is not biologi-
cally desirable. Indeed, there is now evidence to suggest thot
the lean body mass decreases gradually with age, and that the
body fat must increase with age to make the body weight remain
constant (Murphy, 1955).

The Metropolitan Life tables, developed in 1912, used
the measurements taken on some 200,000 males and on a smaller
nunber of females. (There is evidence that many of the welghts
were estimates only, and were not actually obtalned by welghing
the individuals.) The distribution of body welghts was typlcally
skewed towards the higher values, so that the mean was greater
than the median. This type of distribution has been confirmed
in other studies.

The original fipures underwent a number of manipulations
in the development of the tables (Keys and Irozelk, 1953). The
fizures for men of 30 years and women of 25-29 years were used.

Average welights were calculated for each incih of height, and
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then somewhat reduced to:approach the median values. The welghts
were reduced for tall and increased for short persons. Slignt
adjustments were made to give a smooth gradation of values.

The ranges were then made to correspond to + 1 S.D. of the
welphts at a given helght. These ranges were then arbitrarily
divided, at a much later date, into three overlapping ranges

to be used for>"sma11", "medium" and "large" frame persons.

lio method was established, however, for classifying persons
according to their body frames. A Joint FAO/WHO Expert Committece
on Nutrition (1955) has commented that such tables are "..useless,
or worse, in the absence of an agreed and rellable system of
classifying body types."

The figures finally derived for the Metropolitan Life
tebles may have been quite far removed from those found on the
original individuals. Moreover, the indlviduals measured were
of higher educatlonal and economic status than average, and
were probatly not representative of the general population of
the United States.

The Pryor Width-Weight tables (Pryor and Stolz, 1933)
heve occasionally been used in screening for obesity. These
tables use the bi-iliac and lateral thoracic diameters to
avoid the subjective classification intod body bulld. The value
of these tablees is uncertain, however, since they are based
onn samples of small slze.

In 1952, the Eguitable Life Assurance Soclety produced a
new set of helght-welght standards for the United States. The
£ 5%,008 men end 12,943 women between

samnlc gtudied consisted ol
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the ages of 10 and &4 years, who had purchased ordinary insurence
policies from this soclety in 1940. When compared with the 1912
standards, the new average weights are higher for men and lower
for women. Detalls of this study are not available to evaluate
the usefulness of the standards.

In Great Britaln, Kemsley (1950;1952) used data collected
by the Ministry of Food in 1943. He-produced tables of mean
welghts for 19 age groups. The weight values were also given
at the 1lst, 5th, 95th and 99th centiles for five heights. The
values were based, however, on a small sample of three to four
thousand, which decreased their reliability.

he most recent, and what may becdme the most useful of
the height-welght tables comes from Canads (Pett, 1955 a,b,c).
The figures are based on actual measurement of approximately
22,00C persons, representative of the Canadian population in
1953%. Only average weights for each sex, height and age group
have go far been published, but percentlile ranges may become
available in the near future. The Canadian figures provide a
standard "thnat is much clearer in its derivatlon and signifi-
cance Tor the population than any previous figures"(Pett,
1955¢). Like the 1952 tables of the Equitable Life Assurance
Society, the Canadian average welghts are higher for men and
lower Tor women than are those of the Metropolitan Life tables.

Talue of Early Detectilon

Previous chapters have discussed the part played by obesity

in the development of diabetes mellitus and essential hyper-

ot erd 5 “nrotan 1 - seful
tension. Maintaining normal weight 1s prokatly the mcst useful
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preventlve measure ln delaying the onset of these conditions.
There 1s less agreeument, however, on the relationship
between obeslty and heart disease. Keys (1955) comments that

f1 A slod -
overwelgnht, per se, except when it is of extreme degree, 1s

d

not & primary cause of coronary disease and the myocardial
disorder to which it gives rise..Dleting to lose welght is
highly desirable 1n true obesity, but a mere reduction in gen-
eral food consumption 1s not likely to accomplish reduction of
our heart disease mcrtality to the level prevailing in those
countries with the most favorable records in this regard
James and Hilleboe (1955) found that the frequency of
overweight (defined as more than 20 per cent above the Metro-
prolitan Life Insurance standards) among cases of coronary
heart disecase was gimilar to 1lts prevalence among those who
nad no heart disease. On the other hand, Master and Jaffe (1955)

found that obesity was more common in persons with coronary

art disease than in persons without coronary disease. The

suthors do not conclude, however, that there ls necessarily
an etiological relationship between the two conditlions.

There is falirly considereble, though not completely con-
vincing evidence that obesity plays a part in hastening the
onset of such conditions as osteocarthritis and gall bladder
disease (Pemberton, 1855; Bowser et al.,1953). Even ignoring
this evidence, however, the life insurance experience, showing

e, considerable increase in mortality with overweight (Zreslow,

G

1951) may suffice to Justlfy referring obese persons for medical

care.
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Problems of Weight Reduction

Present day methods of weight reduction are ineffective
with many individuals (Mayer, 1955). A recent Annotation (1953)
suggests that "the neglect of the psychological component
appears to be the principal reason for the frequent failure
to reduce, and, equally important, to maintain the reduced
welght level.™

Bruch (1952) suggests that a rigidly enforced weight
reduction program may precipitate serious mental illness.
Moreover, a persisting obesity in scme individuals may serve
as a wall against a serious mental disturbance and may be
preferable as a lesser evil (Annotation, 1953).

Mayer (1955) has recently suggested, however, that an
undue emphasis may have been placed on studylng the psychol-
ogical aspects of obesity, with inadequate study of the physio-
logical aspects. In support of this suggestion, Bowser et al.
(1953) describe the fallure of a weight reducing program, even
when attention was paid to the psycholdglcal aspects.

In brief, there is much evidence that obeslty 1s a harm-
ful condition which is accompanied by a conslderable lncrease
in mortality. However, there is no convinclng evidence that
weight reducing programs are effective in reducing the pre-
valence of obesity or benefit the health conditions of the
population.

Procedure in the Baltimore Clinic

The Metropolitan Life Insurance Company (1942;1943) tablec

were used, without classifying persons, however, into body

1 "y <l 1 Avie i . ﬁl‘_
bulld since thils procedure wWasg arbitrary and subjective. The
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central figure was taken at each height Tor versons of mediun
Trame. The screenee was classified as "moderately obese" when

his welght was 20-29 per cent above this flgure, and as "severely
obese" when 30 per cent or more above this figure.

Advised to visit their family physician were:

1. All moderately obese cases with a family history of dia-
betes mellitus. (&oderately obese persons without the family
history were advised of theilr overwelght and allowed to decide
for themselves whether or not to seelx treatment).

2. All severely obese cases.

The referrals were not followed up to determine the pro-
portion who visited thelr physicians. It was believed that
this proportion would be small.

kesults of the Ealtimore Clinic

Table 1 - Results of Screening for Obesity, by Age and Sex
of Persons Screened.

‘Secreening |TCTAL| WNALEG, BY AGE I YBARS |FLMALES, BY AGE 10 TEARS |
1/ 2/ ‘ 2/
result Total <30 30-4445-64 65+'Total <30§)O 4hh5- 64 05+;
Humber 022 1 173 | 402 238 097 265 432 315 T4
screenea 2021 922 | 17)‘f 402 | 238 57:1 o7 | 5? 52 315 7 j
Novmal 1502 | 668 148 294 186 | 39 833 ' 235 339,199 53
L : - : : : r, - i .
I-'ioder'ate oA = < o) 6 . 4 11 37 ¢ 20 9
:’ObeSit‘Ef f 427 1.)2 lO: 5()% 51 . " 9 : ‘ > ’ o :
severe 1 g > 9 s0 51 12 170 19 62 77 12
f Hat j;r 1000 »nersons screened.
fumber g q flooo'looo 1000 1ooo 1000 1ooo 1000 1000 1000 {2000
BCIrr'ecnew i ‘ ‘ | j : : -
Yormal . T42 | 725 855§ 771 646 684 750 1007 785 672 718
Toder—ie 943 oo 144 177 105 86 42 72 gkl 1oz
OocoiLv S 112 % 143 0 92 1hk 177 : , ‘
Severe 145 0 132 59 194 01 211 155 72 144 244 1c2
Obesity 145 ] 132; pa e 77 i -

T 5 . ~c ond r 2/ Imclucdern unlmmowrn ale.
1/ Include:z unkaoown 2ge cnd sex. 2/ Imcludco unino ok



Table 1 of this chapter shows the results of screening for
obesity.
Age. In general the prevalence of obesity lncreased with age
untlil 65 years. A‘downward_trend in prevalence occurred in those
65 years and over, although the small numbers involved prevented
this trend from being significant.

It is interesting, although not showvn in the tables, that
59 per cent of the moderately obese and 36 per cent of the severely
obese screenees did not mark on the questionary that they were
awvare of their overweight.
Sex. The proportion of severely obese persons tended to be greater
in women 1n each age group. However, the prevalence of obesity
of any degree was not significantly different in the two sexes.

Teble 2 - Results of Screening for Obesity, by Race and Sex of
Persons Screened.

Screening Total 1/ WHITE NON-WHITE |
; vergons | Soth § Both :
Results screened | sexes Male Female | sexes Male Femole |
‘Total persons ? %
Total person E 433 177 56

‘screened 2021 1569 T34 835

1

Rate per 1000 persons screened

7

%Total persons: i ; ~
screened i 1000 11000 1000 1000 | 1000 1000  10C0

? Yormal é ThZ ? 758 ree 790 59% ol oee
lModerate : § 3 8 10 12

obesity  ue gor w6 1 ! -
Severe , L g Y ~E
Oieséiy 15 135 102 v 1% e —

1/ Includee unknown race and sex.
Race. These results are shown in Table 2. The male screenecg of

each race showed no significent difference 1n thelr prevalence

< T : 3 : ienificantly greoter prevelence
of oLesity. llon-white women had a glignificantly greoter rrevolence

of obegity than whlte woumen.
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Teble 3 - Comparison of Obesity Results and One Hour Blood
Suzar, by Age and Sex of Persons Screened.

ree of obesity, |BOTH SEXES, BY ACGE IN YEARS| ALL AGES
by one hour 1/ 1/ 1/
blood sugar rgsult Total <30 30-44 45-64 65+ |(Males Females
Total screened 1993 435 825 589 128 | 916 1077
fbove 160 mg. % 61 6 15 31 9 27 34
) apove 160 ng.% 3.1 1.4 1.8 5.3 7.0 2.9 3.2
Non obese 1454 380 627 379 90 665 319
ADOVG 160 mg. % 40 6 11 16 7 16 24
¢ above 160 me.d 2.7 1.6 1.8 4.2 7.8 2.4 2.9
LOQCfctelv obese . 223 27 29 37 15 131 02
Above 160 na.d ‘ : S 0 2 3 1 4 2
7 apove 160 *"“.‘;'3 2.7 0 2.2 3.4 5.7, 3,1 2.2
Severely obese 286 283 112 123 23 | 120 166 f
%bovﬂ 1UJ ng.ﬂ 15 0 2 12 1 7 I
o above 160 mg 5.2 0 1.8 9.8 4.3 5.8 4.8 |
1/ Thcludes unknown age.

Kote: Only those who tock both tests

Table 4 - Comparison of Chbesity Results and Urine Sugar

are tavulated.

Test

by Age and Sex of Persons Screcned.
Degree of obeslity, 'BOTH SEXES, EY AGE IN YEARS ALL AGES: |
by one hour : l/ l/ l/ |
urine sugar result . Total <3C  30-44 45-C64 65+ Males Females
Total screcned 1937 405 795 594 130 919 1018
Urine positive .57 13 14 23 T ! 34 23 |
7 urine positive o 3.2 1.8 3.9 5.4 1 3.7 2.5 !
'ron Obese C1435 354 602 379 g2 | 667 768
Urine posltiv 44 12 13 12 T i 26 18
7 urine %osltlve 3.1 3.4 2.2 3.2 7.6 1 3.9 2.3
iloderately obecse . 220 26 ob c9 14 - 130 Q0
Urine posltive 4 1 0 3 o 4 0
% urine positive | 1.8 3.8 0__3.4 0 [ 3.1 0
oevcrelj opese 588 25 107 126 24 | 122 160
Jrlne positive © 9 0 1 8 0 , 4 5
% urine positive | 3.2 0O 0.9 6.7 0 ¢ 3.3 3.1
1 Includes unknown age. L
Toete: Only those who took both teste are tabulated.
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Obesity and Tests for Diabetes
Tables 3 and 4 show a tendency for the severely obese
screenees between 45 and 64 years to have more positive results
in the urine and blood sugar tests. However, a large proportion
of the posltive tests occurred in the non obese screeneces. It
would rot seem wise, therefore, to carry out these tests only
on overwelght subjects.
Cbesity and Blood Pressure Readings

Table 5 - Comparison of Cbesity and Blood Pressure Resulte,
by Age and Sex of Persong Screened.

Wefrcc of obesity,) BOTH 3ZEXES,RBY AGE IN YRS ALL AGES |

by blood 1/ L2/ 2/

e
oK
o)

pressure result Total <30 30-44 45-04 €5+ | Males Fenales
Total screened 2018 438 834 800 131 § 921 1095
Abnormal 3.P. 149 3 37 85 22 I 65 84
% abnmormel T.P. L 7.4 0.7 4.4 14,215,801 7.1 7.7
Ton obese lﬂ90 333 633 382 92 . 607 831
Abnormal 11.P. L 30 3 17 47 &+ 34 45
< abpnormel B.E. 5.3 0.8 2.7 11.3 17.4. 5.1 5.5
@KoaerutelJ obese | 227 27 5e) 20 5 5 132 o4 |
Abnormal 3.F. i 20 0 B 12 4 7 12 8
7 a2bnormel B.P. ' 8.8 0 3.4 1%.3 26.7 9.1 8.5
‘Jeverely obese L 202 28 11z 128 24 122 170
‘Abmormal Z.P. Lo49 0 17 20 2 19 20
< abnormal B.P.  116.8 0 15 2 23.4 8.2 15.6 17.6

. 2/ Includes unknown age.

l/ Includes unknown age se .
oth tests are tabvulated.

Kote: Only thosge who took
Table 5 shows that the severely obese screenees between
20 and 64 years had & significantly higher proportion of ab-

rormal blood pressure readings. This increase with obesity

[SPRes

3

ot appear to occur below 30 and above 64 years.

-

did

’
w3

These results confirm the frequently stated finding that
c 7 m a Y
hypertension is more prevalent 1n obese persons. The absence

of this asgsociation in the screences OVeEr 64 years may have



been due to the possibility that

obese hypertensives rarely

reach the age of 65 years, or that obese hypertensives over

64 did not attend the

Obeslity and Electro

screening clinic for various reasons.

cardiograph Readings

With increasing obesity, a larger proportion of male

screenees had abnormal electrocardiographic tracings. o definite

increase occurred in the women, however. The severely obese men

o
<o

of 45-64 years had

significantly greater proportion of abnor-

mal tracings than had the corresponding women. These changes are

shown in Table 6.

Table 6 Comparison of Cbeslity and ECG Results, by Age
and Sex of Persons Screened.
Degree of TOTAL MALLS, BY AGE IN YZARS '““IALF”,DY AGE IIT YEARSD |
Job531tj, byi L/ 2/, i 2/5 ; 3
E0G result | :ﬁom; 50 )o 4uhe 64 65+ Total<30 30-LH45_54 654
;Total '- L |
. screened 2018 1521 ;77)5 Lo 287 | 57 .;ZLO0 265 432 | 313 74
Abnor. ECG 214 1101 | 1 26 52 122 ¢ 113 11 211 51 .27
9 abnor.ECG ' 10.6:11.01 0.6 6.5 l§ 133. 6' 10. j 4, 4.3 16.336.5
Non obese 1[09 667 145284 105 0 39 0 831 235 3391 197 53
jAbnor. ECG 1Z1 55 . 1 15 27 12 . 786 9: 16 Z2 17
‘J wbllo OECGE bo? 8-2 007 5-].‘ 14-6)5013/§ 9.1.‘ 3‘58 2‘:‘:7 16.252-1
Tiod. obege 221 137 16 58 527 &6 ¢+ o7 11 31; 12 9
‘Asnor ECG ¢ 31 15 0 07 5. 7. 3 4 16 1. f2 8 &
7 abnor. .ECT P 13.4:11.% 0 0 8.8 13.550.0.:16.5 9.1 6.5 19.044.4
Severelw ob. 230 121 9 50 50 12 . 167 19 o 74H 12
Abnor.uC“5,521 31 0 0 cvlal;?;; 21 1. 3. 11 6
&l abnor.ICG i25.6 .20 12 26.058.3 0 12.6 5.3 4.3 14.950.0
1/ Includes unknown age and sex. 2/ Includes unlinown age.
Note: Only those who took both tests are tebulated. ECG's read
as "doubtful" not included in the abnormal ECG's.

There may te some relationshlip, either direct or Indirect,
between the prevalence of abnormel ECEs and the degree of obesity
in men. Thic relationship is not shown in the women screenees,
2lthough their numbers are not sufficiently large to exclude
this finding.

.
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Obesity and Answers to Questionary
‘The relatlionship was studied between the presence of obesity
and the answers to Questions 3 and 4 of the Self-Screening
Questionary. These questions asked about discomfort on exertion,
and about the need to stop to rest while walking. Although the
proportion of positive answers increased with increasing obesity,
the relatlonship was not & close or significant one.
Obesity and Presence of Albuminuria
Since obesity mightﬂaffect the cardiovascular-renal systen,
the relationship was studled between obesity and the test
results for albuminuria. There was little or no increase in the
proportion of positive tests with increasing obesity.
- : Summary
Much work must still be done to determine the value of a
screening test for obesity. Wnlle many screenees will be found
to be overweight, even when the screening level 1s quite far
from the "normal', itcseems:likely that many overwelght screenees

will not benefit from screening until weight reduction methods

are more effective.
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SCREENING FOR PROTEINURIA

Proteinuria may occur inca number of pathological condi-
tions, which involve the urinary tract or other parts of the
body. It can also be present, however, when no pathological
conditlions can be discovered.

Postural Proteinuria

Postural proteinuria or orthostatic albuminuria are terms
usuvally used when temporary proteinurila occurs with the subject
in the upright position, énd disappears on reclining. Miller
(1952) quotes the condition as ocecurring in 5-16 per cent of
young individuals. Fishberg (1954) gives the prevalence as around
5 per cent in young adults, with the majority of cases between
six.and thirty years.

According to Fishberg (1954) the urine is protein free before
the subject gets out of bed. The proteinuria quickly reaches a
maximum during the early morning hours, and diminishes during
the day. Hyaline and granuler cases, and occasional red blood
cells are often found. Fishberg (1954), Lyall (1953), and Cony-
beare and Mann (1952) all agree that postural protelnuria has
no influence on the subsequent state of the kildneys, and that
no treatment 1s required.

) However, intermittent proteinuria is not completely harm-
less. Daley (1942) has reviewed the Medico-Actuarial Committee
Report of 1938 on the mortality statistics of persons showing
vroteinuria. Fersong with protein in two-thirds of less of the
specimens examlned (which presunmebly included most of the cases

o Y madg e mortality that was 123 per cent

tH

postural protelnuria
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of the expected. Those showing proteinuria more often than two-
thirds of the time had mortalities ranging from 165 to 289 per
cent of the expected. The higher figure applied to persons with
the larger excretions of protein.

A recent Annotatlon (1955) confirms that the "immediate
prognosis in cases of orthostatic proteinuria is good, and it is
certaln that this anomaly does not indicate rapidly progressive
renal dlsease. Insurance statlistics suggest, however, that the
mortallty over many years is significantly greater than in
control 'good-life' cases."

- In summary, the early detection of cases of postural pro-
teiguria wlll not benefit these individuals. There 1s no treat-
ment for the conditlion, and there is no agreement that the
condition 1is harﬁful. In screening, the condition can be excluded
to a considerable extent by asking each positive screenees to
return with a svecimen of urine passed lmmedlately on rising
in the morning. No referral is necessary when this second specl-
men ls negative for proteln.

| Albuminuriea in Pathological Conditions

According to Miller (1952) heort failure is the most common
pathological condition resulting in proteinuria. This statement
maj—be more true, however, of patients seen by cliniclans than
of the healthier group of persons attending a screening clinic.

¥ason and Harrison (1954) emphasise that orthostatic and
febrile proteinuria must be eliminated before the conclusion 1is
drevmn that renal disease may be present. The presence of leuco-

cytes, erythrocytes and cellular and crenular casts, Mason and
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Harrlson suggest, is indicative of active renal diseasc. Cony-
beare and Mann (1952) also affirm that the presence of more than
a few red blood cells or-casts on several occasions is strong
evidence of an active renal lesion.

The amount of protein in the urine is not well correlated
with the activity of the dlsease process (ason and Harrison,
1954). The amount of protein lost in the urine in postural pro-
teinuria may occaslonally be as great ag in severe glomerulo-
nephritis (Annotation, 1955). Although most proteinurias of
slight degree are benign; there are a small number which repre-
sent renal damage and may have grave prognostic significance
(Bodansky; 1952). However, Diehl and MeKinlay (1935) have shown
tha§ a one plus albuminuria is much nmore likely to be transient
than a four vlus result.

Benefits of Early Detectlon

1

"It seems highly probable," states Fisaberg (1954), "that
proteinuria, itself due to renal damage, may in turn injure the
kidney." He gives the following reasons for this belief:

1. There is some evidence that feadsorption and storage of pro-
tein may damage the tubular cells.

2. The coagulation of proteins which have passed through damaged

gldmerular capillaries may be concerned in the production of
glomerular hyalinisation.

%, The tubules may become blocked by protein casts which are
precipitated as the water 1s recbsorbed in the distal segments

of the nephrons.

4. The incressed viecosity due to high proteiln content may hamper

ne urinary f£low down the tubule.
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Fishberg apparently does not believe that postural protein-
urla can produce this damage. --

In brief there is little convinecing evidence that the dis-
covery and treatment of cases of proteinuria will help the indi-
vidual or the community.

Results of Other Programs

Diehl and McKlnlay (1935) found that 5.3 per cent of 20,000
students at the University of Minnesota nad vositive tests for
albuminuria. 0.6 per cent;(11.8 per cent of the positives) were
foundido-have persistent proteinuria. 0.3 per cent of the total
students examined had evidence which vointed to renal dlsease.

. D'Alonzo and Rodgers (1955) described the findings of the
rout}ne pre-employment and annual physical examinations of
27,718 men between 18 and 65 years of age. Of 26,205 urine specl-
meng, 1,030 were positive for protein. Kidney conditions were
diagnosed as being present in 54 persons, of whom 18 had nephritis.
239 persons had other conditions of the genito-urinary tract
which might produce proteinurila.

The results of the San Jose multiple screening clinic
(American Medical Association, 1955) were almost as unsatlsfac-
tory. Of 945 persons screened, 21 gave positive tests for pro-

teiﬁuria. Renal disease was confirmed in 4, of whom 2 were
pfeviously unknown cases.

More satisfactory were the Indianapolls screening results
(Carroll, Kurlender and Nester, 1954) obtained from a negro
population. The 5,701 screenees produced 125 vositives. 57 per

reeneces were confirmed positive vhen

N
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proteinuria, ten of these belng previously unknown.

The screening of 3,988 doek workers in San Francisco
(Welnerman et al.,1952) produced 92 positive tests. 35 ﬁere
confirmed to have proteinuria on diagnostic examination, 16
belng previously unknown.

Procedure in the Baltimore Clinic

The sulfosalicylic acid test is not falsely positive in
the presence of urates and resins. The test has the advantage
that no heat or caustic sblutions are used. Kolmer, Spaulding
and Robinson (1951) state that it is "quite sensitive and highly
recommended for routine work."

. The test can be convenlently carried out using proprietary
tab%ets of sulfosalicylic acid#®*, and appears to be the most
useful in screening for albuminuria. This was the test used in
the Baltimore clinic.

The test was nobd carried out on menstruating women, on whom
it 1s usually positive. Pregnant women were included in the test,
however, since some women with positlive tests would have devel-
oped the proteinuria since their last medical examination.

A result of one plus or more was regarded as positive. Trace
results ﬁere ignored. Positive screenees were invited to return
forma repeat test. Few accepted this invitatlion, however. When
%he rétest was positive, or when the screening test was positlve
and no retest was cerried out, the screenee was referred to the
family physiclan.

The information obtained from the vhysiclans some weelks
loter wae of linmited value. Cften thwe physician had not com-

R A . N 4- 4 A -
nation, ond was otle to rerert only
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nleted the diagnostic exani :
¥Tumintest toblets, ames Co. (London) Inc.
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that protelnuria was present or absent when the screence visited

his surgery.
of new cases of renal disease discovered by the procedure.

Results of the Baltimore Clinic

Table 1 - Results of Screening for Proteinuria and of Follow-up

Information is therefore not complete on the number

with the Physiclan, by Age ¢

and by Sex of Persons Screened.

Screening and TOTAL MALES,EBY AGE IN YEA] FEhALES BV AGE IN YRS
follow-up o2/, 2/
results Total’po 304445 61L 65+’Tota1\30 30 4445 c4 65+
Number _ C_ ] | _
screened 1940 i 922 177 404 j 207 56 1021 1232 394 310 74
Negative 1058 | 895 169 398 274 5o s2le1s 370 ook g
Positive 8 ' 29, 4 6 13 6 591! 15 16 8
ldney disease § ; i ; é .
oreviously 79 27 4 6 12 5, 52.18 13 12 8
unknown ; ; : ) ; 2 a :
Follow-up with ; : g f g ; : ; ~
MD. completed | -7 5, ¢ 3, 7. 5 22/ 5 2 9 6
Protelnuria a f i : ) ! § L
confirmed - > 6 1 0 2i 51 1 0, 22
Previously 1 oL h ; |
unknown to 1D | 4 1.9 0o o 1 3 1 0 2 0O
é Rate per 1000 personsg screened
Tumber | 1000 | 1000 1000 5
lscreened élOOO ;lOOO;lOOOlOOO%lOOO 1000 QOOO lOOO?OOO ;00051000
 Tegative /955 | 969 97T 985 ' 955 893 | 942 918 962 948 892
Positive 45 1 310 23 15 45107, 58 82 33 52 108
Kidney dlsease | ; 5 ] 5 , ! _ o
previously o 41 . 29, 23 15 A2 89, 51 78§ 33 39108
unknown ' ; ? ? : ? : § § :
Follow-up ”1tq ] ; ; L ag g § : a
MD..completed | 19 § . 0 T 24 ] 0955 22 5 22y 5. 29 81
Protelinuria ; ; : i I i i P
confirmed s 3§ 0 e 5 0 18;; 5 | 4é 0. 6. 27
Previously é % ; ; f1e o= 4l o 6 ‘
unknown to D . 2 1, o 0 R ; .
1/ Includes unknown 2ge and Sex. 2/ Includes unknown age.

The rezultis

of

the screening procedure and follow-up pro-
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cedure for proteinuria are shown in Table 1 of this chapter.
In the discussion which follows, it will be assumed that a posi-
tive screening test indicated that proteinuria was present when
the screenee visited the clinic. The g8implicity and accuracy
of the test probably justified this assumption.
Age. Both sexes under 30 years had a greater prevalence of
proteinuria than those between 30 and 44 years. This greater
pretalence was much more marked in women. It seemsireasonable
to believe that much of ﬁhe Increase 1in women under 30 years
was due to postural protéinuria. The prevalence of proteinuria
in both sexes was found to be 4.5 per cent, closely correspond-
ing .to the figure of 5 per cent which Fishberg (1954) gives as
the‘prevalence of postural proteinuria in young adults.

In both sexes over the age of 44 years, the prevalence of
proteinuria increased with age.
Sex. The prevalence of proteinurie was significantly greater in
women under 45 than in men in the same age group. There was no
significant difference in the two sexes when over 44 years.
Success of Follow-up. The older the screenee, the more likely
he was to follow-up on the posgitive screening test. Thls finding

was apparent 1n both sexes.

Confirmation of Screening Result. 22 per cent of those screenees

who visited theilr physician were confirmed to have protelnuria.
In the group of persons who vislted thelr physician, the ratio
of about four false positives to every true positive must be
regerded ag unsatlsfactory.

Ppeviously unimown casges. All of the 79 relferrals were previously
iously v

1
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unaware of any kidney disease, according to their answers.to

the screening questionary. However; only four of the elght con-
Tirmed cases of proteinuria were previously unknown to the physi-
cilans' follow-up forms.

Raclial differences. Table 2 shows that there was a significantly

greater proportion of non-white screenees with positive screening

(]
results than of white screenees. The racial differences occurred
in both sexes.

Tavle 2 - Results of Screening for Proteinuria by Race and Sex
of Persons Screened.

Screening Total 1/ | WHITE § NON-WHITE
persons | Both . Both
result screened ;sexes Male Female ! sexes Male Female |

Total persons|

soreensd | 1946 1509 734 775 A7 177 240

Rate per 1000 persons screened i

Total persons;

coreonod 1000 ;1000 1000 100C . 1000 1000 1000 |
Negative | 955 | 964  9Th 955 918 944 900
Positive | 45 | 36 26 45 | 82 56 100

1/ Includes unknown race and sex.

Summary and Concluslons

1. When screening for protelnuria, a considerable proportion of
positive screenees 1n the young adult group, especlally wonen,
will have postural proteinuria. No treatment is needed for
thie condition.

2. The high prevalence groups are persons under 35 and those
65 years and over, women, and non-white persons.

3. The high false:true positive ratio, and the low yield of

1 3 B T~ T £ n . 2.
previously unlmown cases obtalned 1lu the Paltimore clinlc
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suggest that screening for proteinuria is of 1little benefit to

the community.

4, When screening for proteinuria is carried out as a research
project, the testing of a specimén taken immediately after

the positive screenee gets out of bed may heip to remove

most cases of postural protelnuria.
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SCREENING FOR TUBERCULCSIS

The literature on this subject is now vast. Intensive surveys
in Great Britain and the United States have involved much larger
numbers of persons than the Baltimore clinic. It would there-
fore be out of place here to discuss this subject in detall, or
to base the discussion on the small number of screences attending
the clinic.

The fact is now well established that most cases of early
pulmonary tuberculosis show radiological changes before the
physical examination 1s abnormal. It is also well accepted that
the miniature film is satisfactory in detecting these radiological
changes (Clayson et al.,1955).

- Since tuberculosis 1s an 1nfectlous disease there are several
priﬁciples involved in screening for tuberculosis which are not
so important in screening for non-infectlous condlitions. While
a program for diabetes detection might be regarded as success-
ful if half the total unknown cases were discovered, a tuber-
culosis screening program nust detect most unknown cases to be
successful. As long as hidden cases of tuberculosis continue
to spread the disease, the community has not benefitted com-
pletely from the screening program.

- The time element is important in mass minlature radio-
graphy. A slow-tempo program which discovers only a small
frection of infectious cases in a glven year makeg little or
no dent in the amount of infection in the community. Finding
ten per cent of the cases per year over a nine year period,

for examnle, is not as effective as finding ninety per cent of
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the cases in one year (Perkins, 1052).

kApart from rare dissenting articles, the fact has been
well accepted in the United Sgates‘that intensive; high tempo
programs involving the great bulk of the ropulation are necess-
ary for the rapld control of tubercﬁlosis. This opinion is less
widely held in Great Zritain. The Rhondde Fach Survey showed
that the amount of home visiting must be doubled to railse the
percentage x-rayed from 75 to 90 per cent (Cochrane, 1954).
Stein (1954) and others suggest that the money involved in
expensive surveys might be used to more effect by improving
housing conditions.

Benefits of Early Discovery

Chest x-ray surveys detect cases of tuberculosis, who are
placed under treatment and cease transmitiing thelr disease
to others, sooner than if;he surveys had not been conducted.
It does seem likely, therefore, that the community benefits
from such surveys. There has been frequent argument, however,
on when actlve cases found by surveys would be diagnosed 1n
the absence of a mass radlography program, and on whether such
cases benefit by the early discovery. Clearly a study would not
be morally acceptable which used as controls persons who attended
the- survey, were positive for tuberculosis, but who were allowed
to go untreated until discovered by some other method.

)

Anderson and obthers (1954) attenpt to overcome this difll-
culty. They compare a group of 135 active cases of pulmonary
tuberculosis discovered in a Hinneapolls survey 1n 1947 with
a group of actlve pulnonary cases reported to the city health

4

devartment just prior to the survey.
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The four year follow-up for the survey roughly covers the
vears 1948 to 1952, while for.the non survey cases is 1947 to -
1951. The difference in mortality between the two groups is
believed too great to be accounted for by the slightly improved
therapy given to the survey group.

Thirty-seven per cent of the survey cases were discovered
in the minimal stage, compared with 33 per cent of the non
survey cases. Slxteen per cent of the survey cases were far
adveanced, compared with 33 per cent of the non survey cases.
Using the 1life table method to study the survival of these two
groups of caseg over the four year period, the authors estimate
that the chance of a survey case dying within four years 1s onec

out of ten, whereas the chance of & non survey case'dying is

one out of three.

Anderson et al. (1954) conclude that the differences
observed 1n the outcome of tuberculosis in the two groups of
cases are to some extent a reflectlion of the value of early
case discovery through intensive tuberculosis case-finding

efforts.

This study is not likely to end the argument on this
subjeét.‘There ig no mention oftthe soclal status, income group
or.éttitude to the infection of the individuals in the two
groups. It is possible, therefore, that the 135 survey cases,
even if discovered at o later stage, night stlll have an im-

roved survival rate over the control group iln the study. Tae

very separation into wnersons who attended an x-ray survey and



those who would not necessarily attend mizht produce groups it
differing survival rates.
Hospltal Admission Chest X-Ray Progrems

Routine hospital admission chest x-ray prograﬁs produce a
greater yleld of active cases per 1,000 persoﬁs x-rayed than
mess surveys of the general population.

Siegel, Pluckett and Locke (1955) compare the results of
the hospltel admlssion survey and the mass survey programs in
ew York State during 1947 to 1953. Of previously unreported
cases initially classified as definite or suspected tuberculosis,
69 per cent were followed-up to produce 1.7 new active cases

1,000 persons x-rayed 1n the hospital program. If those
not followed-up had the same proportion of cased, 100 per cent
foliow-up would have produced 2.4 new active cases per 1,000
x-rayed. The corresponding figures for the mass radlography
program were 1.3 newly discovered active cases per 1,000
x-royed with 71 per cent follow-up, and 1.3 ner 1@9@0 with
100 per cent follow-up.

The increased yield of newly discovered active cases In
the hospital program does not tell the full story, however.
The following table shows the percentage distribution, accord-
ing” to apparent stage of disease, of persons classlfied on

screening as probably active tuberculosis.

MODERATELY FAR
PROGRALT MIMNIMAL ADVALNCEH ADVANCED
Hospital Admission 37.0 40.8 22.1
Fass Radiography 51.5 38.5 9.9



Froportlonately, twice as many hospltel admission cases
are far advanced than are the mass survey cases. Moreover, a.
larger proportlon of the hospital admission cases hascpresumably
spread the infection to other members of the community than
the proportlon of mass radiography cases.

Jacokson and Adler (1954) quote the costs of similar IO~
grams in Los Angeles County during 1951-52. Approximately $130
1s spent to find a previously unknovn active case in the |
hospital program. The eqﬁivalent cost in the mass survey progran
is $808. They suggest:"..it would appear that a widespread
hospltal admlssion chest rrogram should be the greatest and most
ecopomlcal means for finding tuberculosis, considering that
app€oximate1y 16,000,000 people are admitted each year to general
hospitals throughout the United States. These patlents consti-
tute a large segment of the population readily available for
exanination, rapid diagnosis and follow-up.

"A large proportion of those admitted to general hospitals
are in the older age groups, in which it has been shovn that
the highest prevalence of tuberculosis exists."

It is thus apparent that one program will frequently reach
persons ﬁot usually involved in the other. The cost figures
giv;n are not necessarily an argument in favour of concentrating
on one type of program alone, since discovering a far advanced
case is not as beneficial to the community as detecting an early

cagse.

In summary, the hospital adnlsecion and mass survey prograns



are complénentary procedures, and not programs by which con-
centration on one wbuld: justify the exclusion of the other.
Results with Different Economic Groups

Anderson, Enterline and Turner (1954) compare their find-
ings in the hlghest ahd lowest economic groups in a county in
Ohlo. The tuberculosis death rate was twenty times greater in
the lowest economic group, the prevalence of cases known to the
health department was three times greater, and the estimated
vrevalence of previously;unknown actlve cases was one and one-
half times greater than in the highest economic level.

These investigators suggest that tuberculosis may be more
chronlc 1n the hlgher economic groups, lese frequently termin-
ati?g in death and 1esé frequently appearing to be of suffi-
cient clinical significance to warrant a notification to the
health department. They therefore conclude that the higher econ-
omic groups should not be overlocked in mass miniature radio-
graphy programs.

Survey Needs of Different Racial Groups

An intensive community-wide tuberculosis survey in Georgia
in 1946 (Comstock and Burke, 1951) was followed by continuous
case-finaing and reporting activities, and by a second survey
in"i950 (Comstock and Sartwell, 1955). These studles show that

he incidence of new cases is much greater in negroes, and suggest
that more frequent and more intensive surveys are necessary for

this racial group.
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Error in Miniature Filnm Interpretation

Birkelo et al. (1947) showed & variation in interpreting
the same fllms by different observers, and a slightly smaller
variatlon when the seme films were interpreted by the sane
reader at different times. Their study hes been confirmed by
investigators in Great Britain and elsewhere (Groth-Petersen
et 2l.,1952). There is now fairly general acceptance that a gingle
observer, attempting to pick out cases of pulmonary tuberculosis
from a largely normal popul%t on, is likely to overlook about
25 to 30 per cent of thé abnormal Tilms (Zwerling et al.,l951;
Editorial, 1955).

"Boredom and the hypnotic effect of the repeated normal'
have been suggested as the major cause of this error. "Opinion
caﬁvoften become vlased in favour of the predominant; after
reading'many more or less uniform films the observer becomes
less inclined to remark on the slightly exceptional." (Editorial,
1955).

On the basig of these findings, Birkelo and others (1947)
have recommended that all filmes should be read independently
bﬁ at least two interpreters -- dual reading -- ond that any

individual read as positive by one of the readers should receive
further study.
Dugl Reading of HMiniature Films
Revresentotive of the studies of dual reading are thosc
of Yerushalmy et al. (1950) in the United States and by Groth-

Petersen ahd Moller (1955) in Denmerli. These studies show that
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dual reading can reduce the false negatives by one- to two-
thirds, increasing the sensitivity of the method from 70 per
cent (when one reading only isAcarfied out) to 80 or 90 per
cent. At the same time, however, the number of false vositive
results are usually doubled. |

This serious loss in specificity is important, since twice
the number of persons have to be recalled for furiher study to
produce the comparatively small increase in true posltives.
Hevertheless, the investigators conclude that "dual reading
offers an easy and inexpensive way of increasing the yleld of
radiographic case-finding." Indeed, a Lancet Editorial (1955)
suggests: "Whatever the purpose of the examination, and whatever
the size of the filn, it is now apparent that the radiograph
should preferably be read by two observers."

Although this recommencdation has been widely followed in
Denmark, 1t has not been followed in the United States or Great
Britein. The shortage of gqualified readers, aend the Increace
in false posgitives have probably been the main reasons.

The reading studies have shown the unusual abllity of
occasionalreaders to give results Just as satlsfactory as dual
reading, without the corresponding increase in false positives.
There appear to be certain sources of error which can be defined
50 that less efficient readers can learn to avoild them (Groth-
Petersen and lMoller, 1955).

Use of a Second Minilature Chest Film

Stradling and Johnston (1955) suggest & method of reducing

!
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the increase in false positives produced by dual reading. In
additlon to the usual vpostero-anterior film, they routinely
took an anteroposterior lordoéic view of the chest. This lattér
film may reveal lesions overlooked or concealed behind ribs or
clavicles in the former view. These investigators found ﬁhat
the combination of the two views reduced by almost one-half
the false positives, both in single reading and in dual reading.
They belleved that the initial increase in expense was more than
balanced by the reduced number of full size films necessary.
Thils method seems worthy of further investigation.
Procedure in the Baltlmore Clinic
A 70 mm. postero-anterior chest film was taken routinely.

A félatively large number of films were technically unsatis-
factory, partly because a trained radiographer was not avail-
able during the first few weeks of the clinic. The screenec wags
not asked to return when this occurred, but was merely told
that the film had been technlcally unsatlsfactory.

An experienced chest physician read the minlature fillms.
When the small film could not exclude tuberculosis, the screence
was requested to have a full-size film teken in the nearedt
nhealth department chest clinic. The screenee was referred waen
the- result was 8till doubtful or abnormal, or when the screence
failed to have the large film. When it was known that the screenece
had visited the doctor, the physician was contacted several
weeks later to determine the result of the referral.

Results of the Ialtimore Clinic

~ 9]
The results are shown on page 139.
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Table 1 - Results of 70 mm. chest x-ray in screcning Tor
- T 3 -
cuberculosis and of follow-un with the paysiclan,

by age and sex of persons screened.

iBereening and Total 1/ |BOTH BEXES,EBY AGE IN | ALL AGES |

ifollow-up persons |Under 2 YEARS ! 3/

ﬁesglts screened | <30 30-4% 45-G4 65+ | Male Female |

Mumber

screened 1767 403 750 496 106 ! 818 948

"\ s =

ge oy aenee L1733 308 20 ne L oaan azn

OI TDC ; o P 7.)/ T 102 ; UOL_ OV

Toec to Dbe - ’

ll'iuled out o4 5 11 14 4 15 13

Lb? previously 53 L " 1 - 14 14

uninown l ‘ 5

Follow-up with S |

12D completed e - 4 3 & 3 4 13

Tuberculosis

confirmed 2 ¢ 1 1 ¢ 1 1

Previously un-

known to 1D 2 0 1 1 0 1 1
Rate per 1000 rersons screened

Tumber i T

sereened 1000 1000 1000 1000 1000 ;1000 1000

Ho evidence a ,

of The R ol g 688 985 o712 972 | 983 Q85

Tobe to be : : ~ . -

ruled out 10 1l 15 28 387 17 15

Tbe previously ! - - -

unknown ; 16 10 13 22 38 17 15

Follow-up with | ; ~

"D completed 9 10 A 12 28 4 14

Tuberculoesis ! ! "

conflrmed : L ; O 1 - O ! 1 1

Previously un- 1 0 1 o 0 % 1 1

known to D :
1/ Includes unknown age and sex. 2/ Includes unknown sex.
3/ Includes unknown age.

Age” The proportion of positive results increased with age.

Sex. There was no significant difference in the results of the
two sexes.

Success of follow-up. Women with positive results were much

more faithful in attending for follow-up than men.

Talee positivestrue positive ratio. This was 1%:1, bosed on




total referrals, and S:1 based on those who completed the
follow-un.

Previously unknown cases. Both conflrmed cases were previously

unknown to the physician.

Race. Table 2 shows that there is a‘smaller proportion of
abnormal screening findings in the non-white group. The differ-
ence 1s not significant, however.

Table 2 - Results of 70 mm. chest x-ray in screening for
tuberculosis, by race and sex of persons screened.

Screening |Total 1/ WHITE NON-WHITE {
versons |Both Poth

result gereened| sexes Male Female | sexes Male Female

TTumber - N — oo

screened 1767 1369 652 L7 383 157 226

; ) Rate per 1000 persons screened

s M t

Mumber |

scrbened 1000 1000 1000 1000 100C 1000 1000 |

p7 vidence " \

of Tho. o1 981 930 980 979 | 984 931 987

The to be : | -

1/ Includes unlmown race and sexX.
Yield. The yield was approximetely one previously unknown case
per thousand screeneeg, similar to that found in much larger
surveys in the United States.
Summary

_ 'While the false positive:true positive ratio is higher
and the yleld is lower than those of some other screening tests,
the importance of the condition detected justifies the use of

the 70 mm. chest x-ray in screening for tuberculosis.



Postscript on Screening for Lung Cercinoma

The possibllity thet mase ministure radlography mignt be
helpful in detecting early cafcinoma of the lung has been under
study for some years. In many surveys the films are now read
routinely for possible neoplasms ih addlition to tuberculosls,
heart disease and other chest conditions.

The findings of the Baltlmore clinic are not helpful with
respect to lung carcinoma and other chest‘conditions, because
of the relatively small number of percons involved, and will
not be presented here. It mlght be useful, however, to summarize
a few of the latest pavers on this subject.

The average yield of proved cases of bronchogenic cancer
ié"t,en per 100,000 adults examined (Garland, 1955). This figure
wildl vary with the age distribution of those attending thne survey,
and is greatest in males over 45 years of age (Guiss, 1955).

With present technlques, however, less than ten per cent
of survey-detected lung cancer appears to be curable (Boucot
and Sokoloff, 1955). This voor result ig partly due to the
progress of the cancer during the frequently protracted delay
between the survey and the operation (Guiés, 1952).

The. failure of 70 mm. films to show up bronchogenic

ancihomata at an early stege 1s the other major reason for the
lack of success (Boucot and Sokoloff, 1954). MeNulty (1954)

suggests that surveys must be repeated indeflnltely at inter-
vals of not more than four to six months in order to detect

nalignent lesions as they arise. He recormends two exposures,
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one in inspiration arnd one in explration, with at least two
competent radiologists to interpret the films and to check
themselves on cases where there is disagreement (Pendergrass,
1952).

The preliminary results of a study which incorporates most
of these suggestions have recently been published (Boucot et al.,
1955). The Philadelphia Pulmonary Neoplasm Research Project
involves the following of 6,000 men, 45 years of age and older,
by 70 mm. x-rays, both iﬁspiratory and explratory, taken every
six months for a period'of ten years.

Thirty-seven proven cases of luang cancer have been detected
in the initial stage of this study. Eleven have been resected
and‘have remained alive wlthin the short period of follow-up.
Since this study 1s belng carried out by experienced and en-
thusiastic workers with a cooperative group of patients, it is
‘1ikely to nave better results than eny mass radlography program
in which carcinoma is only one of the conditions being screened.
Unless these early results are not representative of those to
be obtained later in the study, "the sultability of single
photoflucrograms for finding curable lung cancer must be
questidnéd" (Boucot et al.,l955); Indeed, the long-hoped-for
seéglogical test for malignancy may be the only screenling method

likely to help in the early detection of lung carcinoma.
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SCREENING FOR SYPHILIS

Bince large scale screening programs for syphilis have been
carried out elsewhere, this éﬁbject will only be discussed
briefly here.

Serological Tésts

The serological tests for syphilis use two types of anti-

gen (Editorial, 1954):

1. The purified phospholipid antigens, such as cardiolipin.

2. The crude ox-heart alcoholic-extract antigens -- the "lipoi-
dal antigens."

In general, cardiolipin antigen is more sensitive than
crude ox-heart antigen (Editorial, 1954; Isdoe et al.,1954).
Itﬂdetects reagin earlier in the disease, and the test remains
vofitive longer in the declining phase of the serological pattern
in cases under treatment (Editorial, 1954). Although opinions
differ, most serologists regard cardlolipin antigen as being
more specific (Editorial, 1954; Isdoe et al.,1954).

While the cardiolipin tests seem to be slightly more effi-
cient, it would appear that any of the well recognised sero-
logical tests carried out by an efficient laboratory will be
satisfactory in screening for syphilis.

- Screening in Syphilis Control

"The syphilis casefinding program,' state Smith, Donohye
and Stuart (1955), "is an intesrated machine with serologlc
sereening as & basic component and with presurvey educatlon
and postsurvey contact investipgatlon as necessary partners."

The Daltimore clinic did not nave personnel to carry out
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t%ethe recoumended contact investigation of positive screeneecs.

e [0 VOR TRETEIONS resrlegt het tie gerglogion, besting slone
would have little effect in tﬁe control of syphilis in this
population. However, i1t was felt that a knowledge of the pre-
valence of positive serologlcal tests would be helpful to the
Commission's study.
Treponema FPallidum Immobilization Test

The TPI test reacts to a treponemal immobilizing antibody
whlch is separate from the reagin which causes the positive
serological test (Expert Committee, 1954). The TPI test can there-
fore be positive when the seroclogical test is negative, and
vice versa. However, the test is complicated, time consuming,
expensive, and can only be carried out in a limited number of
laboratories (Ixpert Committee, 1954). It i1s therefore not
sultable for routine adminlstration in a screening progran
(MacPherson, Ledbetter and Martens, 1955), but may be helpful
if carried out on screemees with positive serological tests.

In the early stages of syphllis, the TPI test takes longer
than the standard tests to become positive (Editorial, 1954).
During treatment of the disease, the TFI results run parallel
with those of the standard tests, but the standard test
results become negative more quickly (Editorial, 1954).

Occasionally the immobllization antibody will persist 1n
the adequately treated case of early sypihllis. The immobtilizing
antibody will usuelly persist in the case of late sypnilis,
whether treated or untreated, although the serologilcal test

may become negative (Isdoe et 21.,1954).
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The TPI test is, therefore, not a gulde to the need for
treatment, since it is usually present in the adequately treated
case of late syphilis and may.freqﬁently be absent in the case
of primary or early syphilis. The latter is rarely encountered
in screening in the United States.bThe screenee with a negative
TPI test and a positive gerological test is usually a "biological
Talse positive" (BFP) with a non treponemal condition.

Leprosy, disseminated lupus erythematosus, and a large
number of acute infections produce EFP reactlons (Moore and
Mohr, 1952). Moore and Lutz (1955) comment that "..these labor-
atory changes may persist for meny years in the absence of any
clinical disease at all. Nevertheless, clinical disease usgually
doéé develop in many chronic BFP reactors; and the phenomenon
is far from innocuous.

"Indeed, the physician is no longer justified, when he has
identified a chronic BFP reactor, in dismissing hie patient
with congratulations on the absence of gyphilis. Instead, he 1is
faced with a lengthy and detailed c¢linical investigatlon to
attempt to identify the cause of the BFP reaction; and this
may and usually does mean prolonged perlodic observatlon and
re-examination.”

- Procedure in the Baltimore Clinic

The VDRL Slide test and Eagle Slide test were carried out
on all blood swcecimens during the first four weeks. In the last
six weeke ofthe clinic the VDRL 3lide test and TPI test were
carried out routinely. The result of the TPI test was reported

only when the serocloglcal test was pogitive. It was known that



a number of persons would have positive TPI tests with negative
serologles. It was felt, however, that this finding would not
be helpful to the family physiclan, since the significance of

& positive TPI test alone has not yet been clarified.

Screenees with both a positivé STS and TPI test were referred
for clinical evaluation, unless the serological result was of
low titre (1l:1 or below) orithe TPI result doubtful. Those indi-
viduals wlth positive STS and negative TPI resulis were not
feferred for further exemination. Whether this decision woc
wisge or not is difficult to say, in view of the comments of
Moore and Iutz (1955). It was difficult to require those persons,
at a time when much more has to be learned of such conditions,
toﬁundergo the expensive study necessary to exclude the con-
ditions which give biological false positive results. The
screening cllinlc should perhaps provide speclal diagnostic fao-
cilitles for such cases.

Results of the Baltimore Clinic
The results are shown in Teble 1 of this chapter.

. In general, the proportion of positive tests increasec with

3
®

age.
Sex. There were no consistent differences in the proportion
- of positive results between the two sexes.

Completion of follow-up procedure. Less than half of the 34

referrals were Inown to have gone for diognostic examination.

Falge posiiivestrue nositive ratio. This was 7.5:1 when all the

referrals were included, and 2.5:1 when only those who completed

the follow-up were included.
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€ =t Of Syrhilis Test:s ond of Follow-up with
shysiclan, by Lse and Sex of Persons Screened.
Sereening and TCTAL HALES, BY AGE 1T VARG || PERALES, 57 AGE T ViE
follow~-uD Y Y ’ ' . 1 Lg/ R
ol | Toall<30 [30-4lks J—34 65+ | Totall <30 [50-4445-64 G5+
Humber j :
sereened 1049 1 912 | 171 403 230? 56 ;1034 250 L12 | 292 59
llegative 1896 | 384 | 170 395 | 262 55 11009 | 249 400 | 283 | 66
Doubtful or | ;ﬁ " i : ﬁ
ositive 551231 1 & 18 1 L 25 1 12, 9 3
Follow-up with p ] T T ; 1
1iD. completed |+ | c 1 41 8 0 3 3 2
Syphilis : : § % _ : :
confirmed A 2, g o0, 2 0 2. 0 1° 1 0
Previously : | : ; f ; : :
unknown to yp, - 1. 0 O 1 0 C c o ¢ o0
i Rate per 1000 persons screened
Humber 1000 iooo 10001000 1000 1000 i
sereened 10001000 1000|1000 110001000 [10C0 1000
@ 1 o : ; ! :
Negative - 973 969 £ 904 9801 936 { 982} 976§ 896 971 | 970 | 957
H i ! i H i
Doubtful or ! : i i ; f o b f :

. s : i 3 . i Pe i (- i } H X 2Q A { s
vositive 2r | 31, 6 18, 46 18 24, 4 29 30 43
Follow-up with ' J ' % : : % ’

. 5 T : 2 18 G ‘ L28
D, completed | (, 1. O R Bt T T R Dt
Syphilis 4 ; P ¥ § ; r
confirmed 2, 2, 0 0 5 0y 2 0 25 5. 0
Previously : ! f é f : N : ; %

5 11 : ; AN i » ‘ ; :
Uﬁl’:l"own UO *-D C. oo .:.ol ! O 0 ', e | O i ) { Of ] : O . 0 ‘

1/ Includes un

known woe

znd sex.

2/ Includes unknown age.

# Approximately 34 referred for dizsnostic examination.

Table 2 - Results of Screening for Syphlillis, by Race and Sex

of Persons Screened.

Screening Total 1/ WHITE ‘ NON WHITE ‘
persons Both I Loth

result screened | sexes lale Female! sexes lMale Female
Total persons - = oa Ly

Total Do 1940 1513 725 788 § 17 176 241

Rate per 1000 persons screened
otel PErSons 1000 1000 1000 1000 1000 1000 1000
Negative | 973 983 992 985 016 875 946 |
Sosltive 27 . 12 8 15 84 125 54
it et i H
1/ Includes unlmpown race and seX.
1938.



Previously unknown cases. The screening questionary did not

esk the individuel if he already knew he had syphills, since

|

t appeared likely that few answers would be affirmative. Of
the four confirmed cases of sypnllis, three were previously
known to their physicilans. |
Race. Table 2 shows that the proportion of positiﬁe results
was markedly greater in both sexes of the non white race.
Discussion of Results 4

The yield of 0.5 previously unknown cases perrlobo
screenees 1s unsatisfactory, and suggests that screening the
géneral public for syphilis is not a valid précedure in the
United States. However, the reliability of the follow-up findings
fof syphillis is probably even lower than that for other diseasecs.
Special diagnostic facilities for the referrals would have been

necessary to improve the follow-up.

Table 3 - TPI results of Screeneces with Doubtful or Abnormal

Serologles.
! TPTI RESULT
STS RESULT) Total | yop reactive Reactive
T 5 s
Doubtful | 15 | 2 13
Positive 30 4 E:

The TPI test gave some help in declding whether or not a
screenee chould be regarded as a possible syvhillitlic. Table

shows that six sereenees with doubtful or abnormal gerological

ol B g - - - [l - -~ el "
regults hed non reactive TPI tests, ond were not referred Tor
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diagnostlc examinatlon. Factors mentioned earlier, however,
make thls test unsultable for routine administration in a
screening program.
Conclusion

The incluslon of a serological test for syphilis in a
multiple screening program for the general public produces too
small a yleld of previously unknown cases to be worth while.
However, this yleld may be fiore productive if the testing is
confined to high prevalehce grouvs -- for instance, the negro
population in Baltimore‘—— and 1f the diagnostic examination

is cafried out by facilitles with & specilal interest in syphilis.
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SCREENTING FOR INPAIRED VISUAL ACUITY

A number of screening clinics have included tests for
impalired visual aculty. The simplicity of the tests used and
the hlgh prevalence of the condition detected appear to be the
main reasons for their inclusion ih screening.

>Sunderman and Boerner (1950) quote the normal range of
visual acuity as 20/15 to 20/40. "From the age of 14 to about
25 there is probably a gradual increase of visual aculty; = very
graduval decline then begins which is not attributable to disease."
(Kel1l,1949). There is also a gradual loss of accommodative power

as age advances (Luedde, 1949)2 Visual aculty measurenents are

J

Talrly constant and change very little in the same individual

0

from day to day without pathological cause.
* In the emmetroric eye of the young individual, parallel
rays of light from a distant object are Tocused on the retina
when the eye is unaccommodated. Thus the test for distant visual
aculty i1s mainly a test of the ability of the retinal elements
to distingulsh the form of the object. The rays of light from

a near object, however, will not be focused on the retina unless
adequate accommodation occurs. The so-called test for near
visual acuity, therefore, is actually a combined test of accommo-
dative power and ofithe ability of the retinal elements to dis-
tinguish the shape of the object. Zoth visual aculty and
accommodative nower diminish with ege (Kell, 1949;Luedde, 1249).

Tt would be expected, therefore, that conslderable numbers

of elderly persons will folil in & test Tor near vislon



winen no corrective glasses are used.

Newell and Zinn (1955) emphasize certain points which are
frequently forgotten in screening for impaired visual acuity.
"The eye with 20/20 vision may be described as normal, only if,
in addition to the clear central vision, reading vision is ade-
Quate, with or wlthout correcting lenses; color vision is normal;
the peripheral field of vision is normal; there are no defects
in that area of central vislon within 30 degrees of the fixation
point; and the two eyes can be used simultaneously and move
normally. Lastly, 1f careful ophthalmoscopic examination of the
disk indicates no abnormalities, the blood vessels are good,
the macula is normal, and peripheral fundus shows no dlsease,
thén it is Justifiable after refraction tc conclude that the
20/20 vision is associated with & normal pair of eyes."

-+

"TMhe finding of 20/20 vision .. does not .. imply that the
eyes are without disease and may not require correcting glasses"
(Newell and Zinn, 1955). This fact may explain the not infre-
quent finding of screenees who have been requlred to wear glasses
although the visual acuity appears to be satisfactory. Moreover,
"visual acuity is no clue to the magnltude of refractive error.
It is entirely rossible for one individual to have 20/20 vision
with a given refractive error while another can read only 20440
vision with the same refractive error." (llewell and Zinn, 195%5).
A pumber of individuals with impaired accommodative powers will

be missed, therefore, even 1f the screenling level used 1s the

normal value of 20/20. Raising the screening level will tend
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to detect the more severe refractive errors, but will not in-
variably do so.

Caccamise (1954) stresses that no actual damage is ever
done by not wearing corrective glasses, although symptoms of
eyestrain may oceur. Finding adults w1th impaired visual aculty
does not usually result in the detection and treatment of pro-
gressive condltlons. However, there ic more definite evidence
that the similar screenlng of children will detect progressive
conditions which will bénefit by their early discovery.

Procedure in the Baltimore Clinic

Probably the most widely used tests for visual aculty in

o)

n

i}

ﬁhe United States are the Snellen chart for distant vision
Jagger type for near vision. Both of the test cards muétvbe
neld at a definite distance from the eves, and must be adecuatcly
and uniformly illuminated.

In order to economise in space, and to overcome the diffi-
cultyvin standardlising the illuminatlion of the test cards, the
Baltimore clinic uced the American Cotical Company Sight Screener
This instrument is simple to use, tests both near and distant

vision, and will test each eye individually without requiring

the screenee to close his eyes ot any time

The test was Tirst carried out without corrective glasses
to obtain prevalence figures. If the screenee normally wore
corrective glasses, the test was repeated while e was wearlnl

these glasses. Dach eye was tested individually Tor near &nd

24 atant vision, the test Tor binocular visuel sculty belng
mitited.

DOVT
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The results while the screenes was wearing his usual rlogsses,

v

.

1f any, were used to determine the need for further exanination.
Where distant or near vision was 20/40 in each eye with correc-
tive glasses, or below 20/40 in one eye, the screenee was told
that he might benefit by 2 more thorough examination. (This was
nofnadvised, however, when his glasses had been prescribed within
the previous year.) The screence was informed of the actual
result before he left the clinic.

No follow-up results were obtained. The experience of other
screening clinics has suggested that only a small proportion of
the positives seek a more thorough examination. It was also
felt that the follow-up efforts should concentrate on individuals
whgse positive tests suggested that & progressive condition
was present.

Results of the Baltimore Clinic v

The results are summarized in Tables 1 and 2 of this chapter.
Age. A marked increase in the peréentage of persons failing in
the test occurred with each succeeding age group. In those perscns
45 yeafs of age or older, more than 90 per cent were unable to
pass the test without glasses.

§g§; Nb‘significant differences occurred between the tﬁo sexes.
Race. A smaller proportion of non-white persons failed 1ln the
test without glasses.
Summary end Conclusions
hen a test for visual acuity, with a screening level about
20/40 or 20/50, is included in the screening procedure, con-
ciderable numbers of screences will fall to nass the tegt. The

. U R 5 T et g T i
~ovortion of Taillures depends malnly on Lac alie dipul'l. ut.oln
D07 ior I g



Teble 1 - Results

. of Sereening for Impaired Visual Aculty
Ly Age and Sex of Persons Screened.
Screening Total 1/ BOTH SEXELS,BY AGE 1N | SEX-ALL AGES |
persons |Unden 2 YEARS 3/ {
orocedure screened| «30 30-4445-64 65+ | Male Fenale
Total screened ! |
i thout mlmgses | 2006 | 4371531 508 124 | 919 1084
Per cent : a
s bnormal 52.8 19.0 33.0 95.0 98.4 | 52.2 53.2 |
Mumber screcned ;
with rlasces 293 104 | 293 472 0 116 | 440 552
Fer cent - ; ;
obnormal 30.8 | 5.8 20.1 36.9'55.2 | 30.7 31.0
Tumber screcned. ; | ‘ é
without glasszes, ; ' ;
not subsequently ! 1013 - | 333 538 126 8 419 532
screened vwith i T %
classes ? ; |
Per cent § :
bnormal 22.1 7.2 15.; 84.9 87.5 1 21.9 22.0
1/ Includes age and sex not stated. 2/ Includes sex not stated.

Includes age not stated.

Teble 2 - Resulte of Screening for Impaired Visual Acuilty, by

Race and Sex of Persons Screened.

Screening Total 1/ WHITE NON WHITE g
persons = 3Both Hoth i
procedure screened | sexes Male Female | sexes Male Fenale
Total screened e ;
writhout glasses 2006 1556 1732 826 428 176 252 %
% abnormal 52.8 54.6 53.6 54.8 | 47.2 46.6 47.6
Tumber screened i
rth elanses 993 so4 375 49 | 159 60 99
¢ abnormal 30,8 28.8 29.6 28.1 42.1 40.0 25.0
Number screened E

without glasses, i
nod subsequently: 1013 734 357 377 269 116 153
screened with é
plasses . ;
9 abnormal .1 19.8 19.6 19.9 27.5 27.6 50.0 |

d sex not stated.

1/ Includes race



of the screenees. .

It 1= 1likely thot only a small proportion of the positive
screenees will be sufficiently interested to seek further examin-
ation. Moreover, the conditions detected are usually not cured
nor ls their progress delayed by theilr early discovery. However,
the test is simple, inexpensive, and may result in those per-
sons who do follow-up on the positive result getting more pleasure
out of life. The value of including such a test in the multiple

screening procedure lg therefore a matter of opinion.
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SCREZNTEG FOR HEARING INPAIRLENT

In recent years in the United States, many schools have
routinely tested children for hearing difficulties. The provor-
tion of correctible defects has apparently been sufficlent to
justify continuing these programs. Probably encouraged by this,
and perhaps also by the availabllity of a simple, raplidly ad-
ministered test, screening clinic administratérs have sometimes
included suchua procedure in their adult screening programs.

Hearing loss in the higher frequencies 1is conparatively
common in middle and later life (Houssay et al.,1955), and has
been termed presbycusis. This gradually progressive, physlologic
lqss of hearing for the high-vitched tones develops as the result
bf arteriosclerotic wnd degenerative changes within the inner
ear. This loss results in diminished understanding of the con-
sonants. It 1s not a noticeable handicap in all elderly people,
however, and even after the age of seventy years many persons
are found to retain remarkably acute hearing (Eest and Taylor,
1955).

The National Health Survey (U.S.Public Health Service)
included a study of the hearing threshold aculty measurements
of bothiears of 2,002 men and 2,660 women. All had a clinical
hiétory of normal hearing for speech in both ears. The loss
with agé of hearing in the higher frequencies was more marked
in men than in women. The mean hearing threshold aculty In the
20-39 year apge group, Ior instance, was 21.6 decibels for izen

and 10.5 decibels for women. The corresponding figures for the



slxty years and over age group was 39.7 decibels for men and
22.2 declbels for women.

These results suggest th;t, when multiple screening includes
a test for hearing impairment, one of two alternatives Seems
advisable: |
a. The screening level should change with differences in‘age

end sex, or
N
b. The screening test should not include the higher frequencies.
This method was used 1in the Baltimore clinlec.
Procedure in the Baltimore Clinic

The screening test was used, not only to determine the
need for more thorough examination of the hearing, but also
toibbtain additional information on the prevalence Qf mild
hearing loss which was not necessarily disabling. The test was
therefore more elaborate then usual.

A sweep check frequency test was carried out onca pure
tone audiometer. A "sound proof" booth was used which was not,
however, able to keep out all noise in the hall. Each ear was
tested at frequenciles of 125,250, 500,1000,2000,4000 and 80CO
cyeles per second, using an intensity of 20 decibels. An
individual was"positive" who failed to hear two or more fre-
quencies in one ear. The positive screeneecs were not Infrequently
found to have the hearing loss in both ears, especlally when
pregbycuslis was present.

r left the clinlc the pogitive screenecs had a

Eefore they
more thorough rescreening test. This test was edministered in

an adjacent room whlch was only occasionally affected by outside

nolse.
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The rescreening test was = hearing threshold test carried
out at the same frequencies, again using a pure tone asudiometer.
The result was recorded as "abnormal" when the better ear had
an average hearing threshold of 30 decibels or more'at the
frequencles of 500, 1000 and 2000 cycles per second. Persons
with this result had 2 handicap which might be severe enough
to need a hearing aid. These individuals were told of this result
during their interview at the clinic. However, almost all were
already aware of thelr hearing loseg, and nmost appeared disin-
clined to seck the help of a hearing ald.

The result was recorded as "doubtful" when not in the
abgormal category, but when a threshold of 25 decibels or nore
at two or more frequencies was found in at least one ear. Indi-
viduals with thié result were classified as "potentially handi-
capped persons", although they would not:necéSS§rilydprogréss
into a handicapping stage of deafness. Many elderly screenees
fell into this category.

Neither "abnormzl" nor "doubtful" screenees were urged
to visit theif personal vhysiclans. Most general practitioners
in the United States do not have audiometers to confirm or deny
the scréening findings. To obtaln adequate follow-up of the
féferfals, it would probably have been necessary to refer them
to otologlists, or to set up special diagnostic facilitles.

Results of the Baltimore Clinic

The resulte of the tests for hearing impairment are given

in Tablez 3 and 4 of this chapter.
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Table 3 -

Results of

Scereening for Deafness, by Ase ond Sex
of Persong Screencd. -

Sereening T0§§L MAE?S,BY AGE TN YEARS Fungvs TY AGE 10 Y05
§$§%i§ B Total<30§30-4445—64 65+ Tof<1<)o 20~ 44 4 65+
sereened 2016 | 920 17§ 403 | 286 56‘1093 265 4321 313 72
Normal 1485 | 600 15@ 503 | 137 | 8] 883 258 304 200 21
Potentially g ! ; ; ;
handiocapood 509 2481 23 75 119 | 310150 10 23 77 z2
| Hendicepred | 132 | 720 0 251 30| 17! S0 fﬁ 10 27 10
ey o™ 509 | 246 20 87 109 | 3o 132 @ 28 1. =1
igggig;gi;g 523 | 206 20 66 96 ok 136 6 21 65 3
' Handicapved 51 40 o 22 13 6/ 36 4 7 13 5
% Rate per 1000 nercons screened
pumber 1000 11000 1100011000 12000 1000 1000 10001000 1000 1000
? Normal 737 § 652 | 867 752 479 flazf 808 951 012 668 292
ﬁjgggglalgg 198 | 270 133 186 416 | 554|137 38 65 246 44l
jHandlcapped E 65 % 78 @ 62! 103 i304% 55 | lﬁ 23 86 égi
pooTness DIOVITi 108 ! 267 116 216 351 536 139 30 65 259 47
g;ggﬁg;;%ig 160 | 224 116 164 336 429% 106 | 23 4o 201 320
‘Hendicayped | 30 | 43 0 52 46 107 33 7 16 50 111
1/ Includes unimoun age and sex. g/’Inoluaes unlknown age

Table 4 - Results of Screening for Deafness, by Race and Sex
Persons Screened.

Screening Total 1/ WHITE ‘ NON WHITE

persons Doth [ Both ’
result screened | sexes lale Female | sexes Male Female |
Total 0016 1564 732 832 | 432 177 255
screened | Fe - p 2

Rate per 1000 persone screened

T j j
411 results | 1000 1 1000 1000 1000 | 1000 1000 1000

i' ‘ 2 ~ E [ Y
lormal Y ;721 632 7986 . L06 7B1 G4Z
Fotentl 1 ‘ "y - e’ .
Fotentlaliy 440 so0 2% 144 L 145 193 114
.L-L nadl C"?"”ﬁx’\Qv = = - :‘
rendicapped S5 7e o5 53 5 o1 a7
I/ includes uninow roce oid =

@]
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nere were usuelly more "handicapped" men in each age
grour than women. The "potentially handicapped" persons, into
which most of those with presﬁycusis belong, had a higher pre-
valence in men of all age groups. Of those men 45 years and
over, more than 40 per cent were in this category.

Race. The non white groups had a lower proportion of “handi-
capped" and "potentially handicapped" persons than did the

white groups.

Deafness previously known. 42 per cent of the "potentlally
handicapped" and 20 per cent of the "handicapped" persons were
aware of their condition. In general, the older screences were
more aware of their deafness than the younger subjects.
Sunmary

A screening test for deafness will result in the discovery
of a considerable number of previously unknown cases. However,
speclal facilitles seem necessary in order that the positilve

screences may follow-up on the screening result.
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SCREENING FOR DENTAL COUDITICHS

The Beltimore cliric included a five minute dental
examlination. This procedure héd been staendardised so that
different dentists would have comparable findings.

The primary purpose of this eiamination was to provide
Information on the prevalence of dental 2nd related conditions
in the population. The screence was 1nformed of the findings,
however, and was likely to seek dental tfeatment when a
correctible abnormality was present.

This procedure cannot be regarded as a typlical screening
test, since 1t must be carried out by profescional personnel.
Moreover, since dental conditions are highly prevalent, the
prébedure does not sort out a small proportion of persons needing
treatment, but really directs the majority of persons attending
the screening clinic to go on to thelr dentist for advice and
treatment. |

The procedure is probably effective 1in persuading many
persons to seek treatment earlier than usual. However, it does
not seem to be an economical way to use professlional personnel.
Dental hygienists may possibly be trained to carry out such
examinations. If so, they are likely to detect at an earlier
stage a comsiderable number of dental conditlons, often of a
progressive nature. The success of the procedure will again
depend on the hygieniste' ability to persuade screenees to seek
correction of the defects. Further information 1s needed to
determine the value of including a dental exomination in a

multivle screening procedure.
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ISCUSSICN AND COHCLUSIONS

This study hes discovered a number of problems in multiple
screening, some of which havernot been previously mentioned in
the published litersture. There 1s now sufficilent information
to answer some of these problems. However; this study has inade-
quacies which leave unanswered many important questions on
multiple screening.

The Baltimore clinic results give some idea of the yield
of previously unknown confirmed cases which will result from
the use of various tests. However, the figures available are
based on the diagnostic findings and repiiesiof the personal
physicians of the referrals. These replies may have had a con-
siderable degree of inaccuracy. Thils defect could have been
corrected by referring all positive screenees to a faclility
which ensured adequate dilagnostic examination. Since future
programs in the United States will send positive screenees to
general practitioners, however, it was felt that this study
should use the same method of referral.

A further defect of the figures representing the yleld of
the teste is the lack of information on the proportion of con-
firmed ceses likely to benefit by thelr early discovery. The
figures may suggest, for instance, that a test carried out on
screenees forty-five years and over will result in a consilder-
able number of confirmed new cases. It 1s possible, however,
thaet the caces discovered in this age group recelve little help
from treatment, ond thet the much smaller number of cases

discovered by screening a younger groubn obtain more benefit



by their early discovery. Teste which seem edequate at present
may later be shown to be worthless because the confirmed caces
receive no benefit by thelir discovery.
Screening Tests Worthy of Future Use
The results of the Baltimore élinic and of other screening
Programs suggest that a number of tests are of value in future
screening prograns. These tests are:

Blood sugar tests for diabetes mellitus, rreferably after the

recent ingestion of glucose or food. The results of this pro-
cedure in the Baltimore clinic were unsatisfactory, and the
reasons for this have been discugsed. However, there 1s now
considerable evidence that blood sugar tests give a satisfactory
yiéid wifh a smaller proportion of false positives than do
urihe sugar tests.

Blood pressure measurement for hypertension, using higher

screening levels for older age groups. The yield of previously
unknown casesg is duite high, although 1t 1s doubtful that many
cases beneflt by their early discovery.

Chest x-ray for heart disease 1s a useful screening test for

persons 45 years of age and over. The yileld below that age 1s

quite low.

8ix lead electrocardiogram for heart dlsease. As used 1n Baltl-

more, thisc test is the most sensitive of the screening procedures

in Zaltinmore were

o)

for heart conditions. The resulis obtalne

[N
Hh

tetter then might be expected from the findings of other studliec.

o}

The procedure is superior to the lead 1 tracing elone, tut is

of value malnly in those persons aged 45 years and over.
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Haemoglobln level for anaenia, preferably using a fairly ccourate

rhotoelectric colourimetric

=3
&5

lgthod. The Baltimore and other
studies suggest that the yield is mainly confined to women.
However, the yleld in men could be increased by ralsing the

screening level to 13 or 14 gm. per cent.

Chest x-ray for tubercutosis. While the yileld of previously
unknown cases 1is relatively low, the importance and infectiviiy
of the disease make thls procedure worth while.

Screening Tests of Doubtful or No Value

Helght and welght for obesity. While this test yields many pre-

viously unknown cases, the number who successfully lose welght

and maintaln the reduced weight 1s likely to be small.

Urine albumin for proteinuria. This test results in a large pro-

portion of positive screenees who are not in need of treatment.
The early detection of persistent proteinuria is of doubtiful
value.

Urine sugar. This test usually produces & conslderable propor-

tion of false positives, and is unnecessary when a blood sugar

test is carried out.

Serological test for syrhilis. This test has a very low yield

of previously unknown cases in the gencral population of the
United States. The test results in the referral of a considerable
proportion of versons who do not require additional treatment.

Visval aculty test. This test produces o large yleld of previ-

ously unknown cases. However, since early discovery nelither
he

delays the progress of nor cures the condition detected, thzrc

thile procsdure.

te some doubt es to the value of
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Hearing Aculty test. This test also vields meny previously
unknown cases. However, speciglxdiagnostic and treatment facili-
tles may be necessary to ensure adequate follow-up of the
positive screences.
Multiple Screening and the Aﬁerican General Practitioner

Perhaps the greatest administrative difficulty in mﬁltiple
gcreening in the United States, especially when the health
department originates the program, is the maintenance of good
relations with prac?icing physiclians. American general prac-
titloners view with some apprehension the entry of heélth depart-
ments into the field of early detection of non-infections con-
ditions.

‘ Many strong and, at times, emotlonally charged criticisms
nave been published in American medical journals. So far, the
American Medical Associlation has taken no official stand on this
subject. Moreover, the Association has prepared and distributed
a booklet (American Medical Association, 1955) giving infor-
mation on screening surveys which have been held up to the
present time. This booklet has helped 2 number of local medical
societies in the United States to play an active part in the
design and administration of screening programs.

- Most screening organizatlions take much trouble to consult
with and get the actlve cooperatlion of practlcing physicians.
Nevertheless, there have apparently been difficulties, often
glossedrover or unmentioned in published articles, which might
have a detrimental effect on other programs of the health

department.



Public healta administrators should therefore move slowly
in suggesting such programs in. the United States. In the future,
1f multiple screening 1s showh“to be an effective and economical
method of case finding, it may even be wise for the bffi;ial
?ublic health administrator to take a back seat, allowing
voluntary organizations or the private physicians themselves
to administer such programs.

v Other Administrative Problems

A large part of thié thesis has been devoted to developing
adcurate and specific scfeening tests, which is one of the main
administrative problems. When rescreening is necessary, a number
of positive screenees will fail to take the rescreening test
unl?ss it can be administered at the time of the first visit.

In the‘Baltimore clinic, the rescreening was done successfully

in the case of the hearing and blood sugar tests. MNo solution

was found, however, to permit the ECG and chest x-ray rescreening
tests to be carried out during the first visit.

Methods must be developed to encourage positive screenees
to go on for diagnostlc examination, and to provide adequate
medical facilities for the follow-up and treatment of these
vscréeneeé. In the Baltimore clinic, a final interview with a
pubiic heélth nurse on the completion of the screening tests
Seémed to have some success in encouraging screenees to follow-

itive results.

i

up on their po
Fncourasing the attendance of those groups which most

need screening is o2lso a large adminlstrative problem. A number

of screening tests are sultable malnly for the older age groung,
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who Beem to be less interested in attending screening programs.

"

leduclng the cost of multiple screening sesms essential

S )

pad]

before this procedure is suiféble for large scale use. The
Baltimore clinic does not provide useful cost flgures because
of its atypical nature, and no such figures are given in this
thesls. However, excluding the research costs, about 57 shillings
were spent in testing each screenee. Even if the clinic began
continuous operation, it is unlikely that the cost could be
reduced by more than 50 per cent. This cost would still be a
great burden to any community which wished to initlate a large
scale program.
Conclusion

Multiple screening is a sufficlently promising procedure
to deserve much further development and study. However, multi-
Ple screening has not sufflciently developed to be suitable
for application to large groups of the population. Programs
which are held in the near futuré should concentrate mainly on
clearing up the many problems which have not been satisfactorily
solved. Foremost among these problems is a need for adeguate
diagnostic examinations to be performed on the negative as well
as the positive screenees, in order to determine the proportion
of missed cases. The other vast problen 1s the need to show

whether or not positive screenees benefit by thelr early detec-
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