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KEEWHAN CHOI, Ph.D.'; JOSEPH L. BELSKY, M.D.?; TOSHIRO WAKABAYASHI, M.D. ( # kg )

INTRODUCTION i

Department of Statistics, ! and Medicine?
HERED ! b5k OFEEER &5 2

SUMMARY. Approximately 12,000 ABCC self-administered medical history questionnaires were
analyzed for their effectiveness in identifying, pridr to the examination by a physician, persons
who will be diagnosed as having selected major diseases,

The questionnaire was found to be useful as an initial screening device in identifying persons
suspected of having stomach ulcer-cancer, hypertension, and heart disease but was less effective
in detection of diabetes. Using 15 questions for each of the four diseases, we were able to identi-

fy correctly more than 75% of the subjects who were later diagnosed as having such diseases,
except for diabetes.

EH., ABCCIIH 11 AHCRARBEMEMNLZ, 00081220 THRFL, BED LERELELEMOBZEL
R STRET AN, ChHEFNEILFAHTHI 2R

COEMEmE, BB, SESFLIVLEEROEVWSIEEL R TR TAESOE—RAY ) —
Sy OFEELTRESTH A, BREBRHRIZETAHREERELZZLFBHENL. 20 4BOIE
BlowTFAFNISEAOEMEHAZBE, HEREEVT, ZhS0KRLFSH LI L FETHHE
ENEEOT%BL L2 EMHICHRT 2 2 AT /2.

[l

Since 1947 ABCC has been investigating the long-
term effects of radiation on the survivors of the
Hiroshima and Nagasaki bombs. The ABCC-JNIH
Adult Health Study provides biennial medical
examinations on a cohort which originally included
20,000 survivors and nonexposed subjects in the two
cities. ! During the 2-year period 1963-65 each
Adult Health Study subject was sent a self-
administered medical history questionnaire and was

ABCC Tix, 19478 LIk, RS L CEEO R ERE
ZE A RORMMEELEEL T 5. ABCC—
THREARERECE, BRERESREHLE LTHIIC
BALMAOEBRE S LU IEMMBEE,00AM %2 xR 12
PHITEIIBRETA->TWwWA. 1 1963—65/F 0 2 40
12, MAFEREDEMREICACDCAFERMEZ %

*Hiroshima Branch Laboratory, Japanese National Institute of Health
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asked to complete it before his scheduled examina-
tion at ABCC. The majority of subjects completed
these at home or in the clinic just prior to examina-
tion. A small portion usually the elderly, required
the assistance of clinic nurses, mainly for the
purpose of explaining the meaning of questions.
This assistance is not considered to have provided
any bias in terms of the current analysis.

The questionnaire, consisted of 118 questions
requiring yes or no answers, and its main purpose
was to help doctors obtain general medical histories
of their patients; 11,950 people, 90% of the Adult
Health Study subjects who were examined during
this period, brought the completed questionnaires or
completed them on arrival at ABCC. The question
we wish to answer is, can the questionnaire be
used to identify persons who are especially likely
to have major diseases such as stomach ulcer or
cancer, hypertension, or heart disease? If the
answer to this question is affirmative, the urility
of the questionnaire in helping to structure the
actual examination would be obvious. In the
following section, we obtain answers to this
question by analyzing the 11,950 completgd
questionnaires. That is, the data were studied
recrospectively to develop detection rules and to
see how well the rules would have done in the past.
The questionnaire was found to be useful as an
initial screening device in identifying persons
suspected of having stomach ulcer-cancer, hyper-
tension, and heart disease but was less effective
in detection of diabetes. Using 15 presumably
relevant questions for each of the four diseases we
were able to identify correctly more than 75% of the
subjects who were later diagnosed as having such
diseases, except for diabetes.

EVALUATION OF THE SELF-ADMINISTERED
QUESTIONNAIRE

Detection Rules.
construction of a detection rule. Firstly, only
questions relevant to the diseases under study
were selected.

There were two stages in the

Secondly, the answers to the
questions chosen were combined into a single
score. Such a score, ideally, would be small for
persons without disease and large for persons with
disease. A description of the criterion used for
selection of questions for each disease and the

scoring systems are given in Appendix 1.

Obviously the questions chosen for each disease
must be those to which persons with disease
respond differently from those without. Also,
since some questions will, individually, do berter
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than others, more weight was given to such ques-
tions in constructing a scoring system.

In the retrospective study, the 11,950 subjects
were initially divided into two groups of equal
size, a data group and a test group. We used the
responses to the questionnaire in the data group to
construct detection rules and then applied the
rules to each subject in the test group to classify
him into one of the two categories, disease-suspect
or not. We then consulted the medical records
(1958-68) to see which persons had been diagnosed
as having one of the diseases of interest by a
physician at the examination.

To be specific, consider the problem of construct-
ing a detection rule for stomach ulcer-cancer. The
rules for the other diseases were constructed in
exactly the same way.

We srudied the responses of the data group to each
question by those who were diagnosed as stomach
ulcer or cancer by a physician and those who were
not, and selected the 15 questions for which the
diagnosed and not diagnosed persons showed the
largest differences (See Appendix 2 for the list of
15 questions used for each disease).

In compiling the questions to be used for the test
group, an arbitrary decision to use 15 was made.
This was based on the clinical relevance of the
questions in the questionnaire, and an effort to
dilute specific organ or system questions. In
addition, possible future use of these might prove
more acceptable to subjects if the number of
questions was small. Thus, a question might be
selected if it was clinically relevant even if the
proportion of ‘'‘yes’’ answers shown by the data
group was not supremely high. Conversely, even if
a large proportion responded '‘yes” to a particular
question, this might not be used, if, in the judgment
of the authors it might not be relevant.

Stomach ulcer and stomach cancer are combined
because no differences were found between the
proportion of ‘‘yes’ answers in each. The pro-
portions of ''yes’' answers to each question by the
diagnosed and not diagnosed persons in the data
group were used in constructing the detection rule,
which will be referred to as the '‘odds rule’’ (See
Appendix 1 for the technical details). For each
subject in the test group, the odds in favor of his
being diagnosed as having stomach ulcer-cancer
were computed and he was called suspect if the
odds were large. Such a rule has the nice property
of minimizing the proportions misclassified, in the
long run.

ik, FOMOBEBIZ, 2 kEL2NEEES RS LI 12

WA TIE, WREIL,G0AE [ERBEE K
HIBro_orEFESsLA. [HEY BB -HM
EoEE ATV CEMBRSEELEEL, KRIZ, N
IR I MoEBL TEHEEE2, BE0EVHD, £
=i, Eﬁb‘iﬁttff)l"ﬂ'ﬂﬁ‘ﬂ_ﬁﬁLt. KT, BER
ﬁ;ﬁ(1958—68£|3)%2‘<”3[, Lo H N, ,,,,\uéf-"B%fum

kb, BIEOMR:EATVE FEOELOBEE
BTwhraelr.

Bk e LT, BilE— 8w T OEGAHRTE
WA AEELAELL Y. MOBEBIIHT oL R
CR—FHHETHREL 2.

| Ho&EMIzET 3REIZ>VT, By s E
HEAEEEORHEZHAE LR b E LIS
FTHIL, MEOMTRAODELRL LEMISEE £
M LA (BERIIOVWTEE LMo ERIIF62
5

[Hear | B M 2 HMIE, (TECBMEsRET AL
T, Zhid, BMEics T 5 EHOEREMBERE L
BEORERMIMET2EMERBETIZ L2 EEL
TipEashZb0THS, b, BRIBVWTZIRGD
TMA AT 22 LA 588, ZOHSDE TR
FEOHAFESRAPT AL LAZ V. LAF T,
FEs | BOHA2TMIZET S (13w ] oEEoE S04
ELRVWEETH, BEMICHEISEVADIEEL L
TGt ba., —FH, SAFEQHEMIZHT S [Tw |00
EOHEEFEVHATYL, FE50BRTEKRMIME
FLwThAH)EEZL *pilf:%@)\éix_lEL’?fJ"Df;;c
HH5

ERELEEOMTIE, FhFEAo V] oEEDE S
ZEFRVIEFRDENLZDOT, ZOMEIHEGLLE.
Fak B2 E L ERH A0, SHRMIIHTS
v | oSO G & B v, EFHEHREEE (ER L &
A, Zh R [ERMEE| sz Lo 5 (£ OHEfimz
M+ 2R L 2 2. M Bogdi#izo
WTERBE—BR BT h 2 HELHA L, HENY
WIS RBEWSEY LA, coMoBREHERIL, EMW
Byl & 223G, Mo Tats n A ERMOEE % fh BRI
FAMBEAEE-T A,



After the scores were obtained for the persons in
the *‘test’’ group the results were compared with the
acrual diagnoses recorded in the charrs.

Comparison of the Detection Rules with Physicians’
Diagnoses. An ideal rule would agree perfectly
with the physicians’ diagnoses (if these, in tumn,
were perfect). However, in reality, any rule we
may use will be subject to two kinds of misclassi-
fication: suspect” a person who
was diagnosed as having disease,

calling "‘not

actually and
conversely labelling **
diagnosed.

the

suspect’”” these not actually
We shall discuss the effectiveness of
questionnaire of
Sensitivity and Specificity.

in terms two proportions,

Sensitivity is defined to be the proportion of
diagnosed persons who are also called suspect and
specificity
who are also called not suspect by the derection
rule. That is, semsitivity measures the ability of a
test to identify correctly people who are ill, while
specificity measures the test’s ability to identify
people who are not ill. If semsitivity is very high,
almost all who have the disease will be caught in
the netr; while if specificity is high, almost all who
are really well will be passed through its openings.

the proportion of not diagnosed persons

There is no single rule which simultaneously
maximizes the proportions, sensitivity and
specificity. We can increase one proportion only
the expense of the other.

relative

two
at Depending on the
importance of sensitivity or specificity for
a given disease, we may choose the level at which
we wish to operate.

Presented in Figure 1, is the curve of sensitivity

and specificity of the odds rule (for stomach
ulcer-cancer) for various values of C, where C is
the critical wvalue of the odds, above which a

person is called suspect.

In Table 1,
are given for several values of C for detection of

values of sensitivity and specificity

stomach ulcer-cancer.
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TABLE 1 STOMACH ULCER-CANCER

#1 BHRE—HE
G Sensitivity Specificity

g3 PR

0.01 95 .35
0.1 .90 .61
1.0 B2 e
4.0 53 -87
10 -45 .91
100 .20 .98
1000 0.07 1.00




Note that for one particular value of C, 1, the sum CHHEEDME, T4bb, 1THh3BEIRZNLER
of the sensitivity and specificity is the greatest. HoMFRRIZASZEFNFERHENE. 202 LI,
This means that if we use the rule corresponding to C=liIzfiY+aMedHTE (T2hs, HEL
C = 1 (that is, calling a person suspect if the AR ()AL ETHaNE, SEndh Lot A
computed odds are greater than 1), then we will, in B, BRI A3 51E, Mo SEHID ARG RS E
the long run, make the smallest total number of Fr RS 1t P s G- SO S i RN ¥4 10 i o1 O o 1 O el =
misclassifications. Such a rule might be used if EltifEaos2BE810, 2ok s HlEBAERIAT
false positives and false negatives were equally fudsbLhazun, Lal, BESBELAZTZ 21
obj ectionable. However, if false negatives were B2 BRTHII T EL 0N, BEsEELraa+2
considered serious blunders, but false positives FREARTBOITHIILVLIIEBALEETHAES. 2
only minor errors, as may be the case, by using the DG, C= .01 CHS T 2MuE42 Mg, #iz2
rule corresponding to C = .01, we could detect 95% WA Fana 20 nEDS%sIEEL LIRSS
of the persons who will be diagnosed, at the cost of BUuELSKEIEHE LN, BIBHA FxhaTh53
investigating 65% of those who will not be. EDBYE LT E S,

Short tables of the sensitivity and specificity of F2ALA41ZE, FOMOKEBIIHLT, WioH»NDC
the odds rule for several values of C are given for ORIz ob A HEEE (L) B s Je— ¢ RS & kO A
the other diseases in Tables 2 through 4. AEIITEL .

TABLE 2 HYPERTENSION

#2 mME
Sensitivity Specificity G
5 TR
L.o 0" 0.1
] .83 1
.56 .93 4
9 .98 10

TABLE 3 HEART DISEASE
#3 OLEER

Sensitivity Specificity G
ke 3 HAE
.79 33 0.1
T2 e 1
.50 .88 4
.42 B2 10
<33 .98 100
14 1.00 1000

TABLE 4 DIABETES

# 4 HERA
Sensitivity Specificity C
e R
.99 .02 0.1
70 .68
.20 .96 4
.08 .99 10




Similar graphs of sensitivity vs specificity are
given for hypertension, Heart Disease, and
Diabetes in Figures 2 through 4.

We may summarily judge the rules by those values
of € which minimize the total probabilities of
misclassification. Table 5 gives the resulrs.

F2a6 4T, SME, DEELRS S FBREBIZOV
TREORZESFREEORME TR L 7.
Mo IT LN ABEESNRNEEACOEER
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TABLES SENSITIVITY AND SPECIFICITY OF THE ODDS RULE
#5 FEE(H)RECETIBRES LURREE

Disease Sensitivity Specificity C

i O R
Stomach ulcer-cancer it — B .82 79 1
Hypertension & 1 1E .75 .83 1
Heart Disease o B A B e i 1
Diabetes I A .70 .68 1

It should be noted that the true values of sensi-
tivities and specificities are somewhart greater than
those given in the Tables 1 through 5. When a
subject with a disease is called suspect by the
detection rule but diagnosed incorrectly by" a
physician, the subject is treated as if he were
without the disease, therefore decreasing the
sensitivity. Specificity of the rule is also decreas-
ed by those who are without disease but diagnosed
incorrectly by a physician and called not suspect
by the rule.

From Table 5 it is evident that the questionnaire is
reasonably effective in the detection of three
diseases, but poor for diabetes. If the sensirivity
and specificity are considered to be equally
important, then Table 5 gives the results of the
best odds rule. If the relative importances of
sensitivity and specificity are different, then from
Figures 1 through 4 a suitable value of C for the
odds rule can be selected, if one exists.

DISCUSSION AND CONCLUSIONS

The uses of questionnaires in large scale screen-
But it would be naive to
employ any set of questions, however reasonable

ings are well known.

clinically, without an assessment of their useful-
ness in separating ill from healthy individuals. In
addition, interviews about symptoms which may be
conducted  between  different physicians and
individual patients, cannot be analyzed in similar
fashion.

The  self-administered  questionnaire  gathered
information about specific conditions, but in a

setting entirely apart from the clinic examination.
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The results of the present analysis show that, on
the basis of disease actually found in the same
group, consideration should be given to use of the
questionnaire to alert physicians to certain
abnormalities.

The problem arises as to what value of C is to be
employed. In the clinic setting a physician might
more efficiently pass onto further screening (viz.,
a GI series) all those who are diagnosed as having
stomach disease by the questionnaire. For such
cases, a value of C with the highest sensitivity
and rhe lowest allowable specificity might be
selected. Thus he could spend more time with
further detailed interview among those called not
suspect by the results of questionnaire before

subjecting them to the further screening.

If the results of questionnaires are to be used for
further screening tests without detailed physician
interview (or examination), another critical value of
C with a higher specificity and a lower allowable
That is to avoid
subjecting healthy people to the further screening.

sensitivity might be selected.

In all cases, of paramount importance is the
subject’s health and his risk of being selected as
nondiseased when actual disease is possible or
probable has to be minimized (i.e., a high sensitivi-

ty has to be maintained).

Actually, efforts should be made to combine the
ABCC surveillance mission for delayed radiation
effects with attention to the individual’s health.
In order to maximize the use of questionnaires a
further project is under discussion. In this, self-
administered questions of the stomach ulcer-cancer
group will be given to members of the clinic sample
when they are contacted for examination. The
yes-no answers will be seen by the clinic physician
who will cempare them with a score card for each
Based on a critical value of 0.1, the
ideal expectation is that about 90% of suspects and
60% of nonsuspects will be correctly identified by
the physician using the questionnaire results. In
all cases, reasons for further follow-up (whether
based on questionnaire result or other clinical
findings) can be recorded. Subsequent prospective
results of screening can be compared with diagnostic
findings, and other aspects of the current stomach
cancer program. 2

question.

The critical judgement of the physician should be
recognized. At the same time, any clues to
diagnosis of potentially fatal illness such as
stomach cancer, should be sought. The use of
screening other conditions by similar questionnaires

is still under discussion.
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In this report, psychological factors affecting the
responses to the questionnaire were not discussed
at all, since they could not be investigated retro-
spectively.
the effects of psychological factors such as order
and grouping of the questions, and the format of
the questionnaire should be investigated.

For future use of the questionnaire,

APPENDIX 1:
E- R

We will only give the odds rule for stomach ulcer-
cancer. The rules for the other diseases are
constructed in exactly the same way.

Selection of Questions 1o be Used in the Detection
Rules. The questions we use for a detection rule
should be those for which the diagnosed and the
not diagnosed people responded most differently.
We used the X2 statistic for a numerical measure of
the difference.

For each question we constructed the Y2 statistic
from the following 2 x 2 table. Then we chose the
first fifteen questions with the largest Xz values.

Proportion of yes
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R it e e T R R e

HMEOHE I IHELRFT OENETIZ20 TR, &
EMRESNFAHETHE 20T, FHRECHEVTIEEL
Ao 15k, BMEEZMHET 20121, W
DEFECHEEb I UEMEOBAIC X5 LHEEN
HFOEFEIow TR ETNIES S &,

DETECTION RULES
e 1% HH 35 24
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Proportion of no
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“diagnosed’

s TwvaAH

"'not diagnosed’’
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The Odds Rule. Let P_ be the true proportion of
people with stomach ulcer or cancer, and P, the
proportion without disease in our population. Let
Pi(Q, be the probability thac a diagnosed (not
diagnosed) person will answer yes to the question
i, fori=1, » 15. Let X; =1 or 0 depending on
whether a pcr:wn answers yes or no to the
question i.

Then the odds (likelihood ratio) rule is of the
following form: When a subject answers (xI’
Xgeeny Xs) O the fifteen questions, the subject is

called suspect.
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Where C is a preassigned constant. Otherwise he
is called not suspect.

P
P

1f we take C = then the rule is called a

E
H
Bayes rule with respect to (P, Ppg) and minimizes
the probability of misclassification.

However, the probabilities P, P, Py Q; (=1,
2, ..., 13) are unknown. Therefore, we estimated
the aforementioned probabilities from the data
group and applied the resulting rule to the test
group. Such a procedure will minimize asympto-
tically the probability of misclassification, if
each question is independent.

It is noteworthy that the odds rule performs so well
even under the unrealistic assumption of indepen-
dence of the questions used. OQur next step is to
estimate P _ and Py without the independence assum-
ption. Then the odds rule should perform even
better.

THEBEIHRELFEVSY LSETE. F3TH L
BEHIZEEWELETS.
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APPENDIX 2: QUESTIONS USED IN THE DETECTION RULES *
143 2 : EFIRUREICAVALHM*

Stomach Ulcer or Cancer Bi#E — BiE

1. Have you lost more than 2 kg. of body weight in the past 6 months?
BEEAHMIZEEN 2kegll BRD F L 22d.

49, Has your appetite become poorer recently?

A RGAM T EEL 2.

s0. Do you suffer from stomach trouble?

BEREF &N ET 4.

51. Do you frequently suffer from nausea?

AULUMRERIHD T .

52. Do you have frequent indigestion?

EULEUEETRIZEAD T 2.

53, Do you have pain or pressure in the stomach region?
HWOMAIZmAEPEART S D E 4 b,
54. Does stomach trouble run in your family?

FHRIIHEOBRESNH D £ 4 5.
55. Have you ever had a stomach ulcer?

BRBIZ Az dbDE T H.

56. Do you suffer from frequent loose bowel movements?

EULUFRL E T b

57. Have you ever vomited blood?

il LAz BN T .

58. Have you ever had bloody diarrhea or tarry stools?

MOB-2FHAFH20,

toRa@EFb Lz ESFBYETH

# Question numbers are those used in the Self-Administered Medical History Questionnaire (MED 61).
HHESIL, FEAME(MEDG) tllwEbDERLETHS.



62. Have you had any recent change in bowel habits?
BEIGESA L P ERAHNDE LA,

67. Has there been any recent change in your sexual activity?
MTAMEFRCRIZLELNHD E L LA

75. Have you begun to drink a lot of water lately?
EZARELLSARDEIIZREDEL AP

111. Have you ever had a blood transfusion?
iMmARH L EHED T H.

Hypertension &ME

9. Do you need glasses to see things at a distance?
HLOMERSDICIRWABETT H.
10. Do you have blurring of vision?
RAS+2EAH.

16. Do you take headache medicines more often than once a week?
1Mz 2m 0 REfREEO & E S o

20. Do you have constant noises in your ears?
WO L ERD AL T H.

35. Have you ever been teold you kave high blood pressure?

BILETHE EEMASwhhEZLAE0ET 4.
47. Have you ever been told you have heart trouble?

LRATED LEMA S VAR NS 2T .
77. Has there been any recent loss of vigor?

BEZARAFHEATEL LA,

79. Do you suffer from fréqaem or severe headaches?
AUACEBALALY, DEVEBEFNLEDLET .

83. Do you havelnumbness or tingling in any part of your body?
BEOYoPFLERED, FUFIVTEZLHED T+ 5.

88. Do you usually get up tired and exhausted in the morning?
WMiEEZLE, DL EIhoRY, DELELEBLEAEN 2+ H,

103. Do you lose your balance easily?
ESLSAE R bt MRSl i

104. po you have difficulty with your speech?

MEVIOHFOCIALVWIESF BN EFT b

10s. Do you have any real trouble in remembering old or recent events?
HVMIERHETADTEIEALEILTBnBEEwZ EME D =4+,

110. Has anyone in your family had high blood pressure?
ERICEMED=HEN L AH.

116. Have you ever been told you have kidney trouble or nephritis?
HREESTRLB LA EFBD 24 5.

Heart Disease /[ ZEE

20. Do you have constant noises in your ears?

BOLEBY AL TH,

28. Do you suffer from asthma?
HEAHEDE T A,
32. Do you have pain in your chest of any type?

BEER Iz Bz iEA AT H D £ 4.

35. Have you ever been told you have high blood pressure?
SMETHEEEMMShhEZ AN T T A,

37. Do you ever have pain or pressure in the chest after exercise?
HEMECHESEALD, EHBLETFEI AN ETH,

38.  Are you bothered by thumping of the heart?
MESTEIIEHFESCHDET .

39. Does your heart often beat very rapidly?
CEOBE#MAERICR 26 RHEDET L.

40. Do you ger out of breath easily?
BN LRFTTTH,
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41. Do you ever awaken at night because of shortness of breath?

FWHIZEFEL 22 THREET ZLEFHDET .

42.  Are you ever out of breath while sitting scill?
LobThoTRTLBFELLEZZEFENE T .

47. Have you ever been told you have heart trouble?
LA ELEEMIrS bR AZENED E T 4.

74. Do you sweat a great deal even in cold weather?

EnLzllbFer &0,
89. Are you always in poor health?
WO LBESATRTT 2.
103. Do you lose your balance easily?
HEALEDELT LT T .
112. Do you have to get up more than once every night to pass urine?
HEROLHICEH 2@ LR 2T IEE D F 4 A H.

Diabetes FERA

1. Have you lost more than 2 kg of body weight in the past 6 months?
BESHMICHRES 2kgl) B0 £ L 2.

6. Has there been a recent change in the consistency or color of your hair?
EZAMEOWE PR E b L BunE T h.

7. Do you need glasses to read?
HEOFERE S LETT A

8.  Has anyone in your family had diabetes?
FHRIIBEROEHNEDE L 2.

10. Do you have blurrting of vision?
BAPTHEFTH.

11.  Are you hard of hearing? - "
EFXEVTT .

51. Do you frequently suffer from nausea?
UL ERHD T H,

75. Have you begun to drink a lot of water lately?
WMZARELELZARODEIIZEDE LS,

79. Do you suffer from frequent or severe headaches?

AULAUTEBALED, CEVIAMAFLAOLE T A
a81. Do you often have spells of dizzine ss?
RUEUCBETBMNLET L.

83. Do you have numbness or tingling in any part of your body?
Gk zhHFLUENEY, FUFUTEZILFENETH.

93. Do you drink more than six cups of coffee or tea a day?
1Bl —b— sk 6L EOAEZE TH.

103. Do you lose your balance easily?

BHEAFLE D ERT VT T H,
112. Do you have to get up more than once every night to pass urine?
RO AH BB oELL PR R A RIS A .
117. Do you have any difficulty starting or stopping urination?

HEFE O G & o R4k AR T T A
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