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Slx years ago Bradford Hill, in his Cutter Lecture
on the role of observation and experiment in
preventive medicine, pointed out that although the
experimental method clearly is preferable whenever
it can be used, many, if not most, of the problems
arising in the investigation of the etiolory of disease
in human populations, for ethical or other reasons,
must be studied by the observation of naturally oc-
curring events, Therefore he did not “repudiate or
even . ., underrate the claims of aceurate and de-
signed observations.” But, he cmphasized, in using
the method of observation, one should not be content
with the examination of readily available observa-
tions but “must go seek more facts, paying less at-
lention to technics of handling the data and far more
0 the development and perfection of methods of
obtaining them. In so doing, one must have the
experimental approach firmly in mind. These
words are as relevant today as they werce in 1953.
. Why is it that at any given time some fields of
imvestigation seem to be developing rapidly while
thers appear to be standing still? Two of the most
‘Wportant factors are the available methods of meas-
yrement and the general metheds of investigation.
The history of advances in science could be written
M terms of the discovery or development of new
technics and methods of measurement. As illustra-
tons, one has only to call to mind the research pos-
sbilitics opened up by the invention of the tlectron
Microscope, the discovery of blood groups and the
E:iﬂl.iun of methods of tissue culture and serological

Tht !Ell:hni:s. ways of mensurement, and methods
Investigation used in the epidemiologic study of
the etislogy of infectious diseases, in contrast to those
'-Iltd_m the study of diseases such as cancer, arthritis,
“ardiovascular disenses, congenital defects and mental
des, are an apt illustration of this point. It is
here to enumerate the chemical, bacterio-

logic, serologic, viral and other technies and methods
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of measurement in daily use in the study of the
epidemiology of infectious diseases or to describe the
greatly increased knowledge of viruses, to mention
only one example, that has flowed from the usc of
these technics and methods during the past two
decades,

The contrast with the technics and methods of in-
vestigation used in epidemiologic studies of what are
usually called the chronic or degenerative diseases
is striking. Here, the source of data is frequently
the memory of the subject, the recording instrument
Is a questionnaire or an interviewer, and the unit of
datn is a word, Moreover, there seems to be o wide-
spread belief that it no Jonger is necessary to deter-
mine as precisely as possible the incidence of a disease
among persons with different characteristics, Ap-
proximate methods that are less expensive, require
less time and hence permit the completion of more
studies within a specified period are thought by many
to be as satisfactory for this purpose as the more pro-
tracted and expensive onme of determining the in-
cidence of a disease in a defined population. In view
of the important role of technics of measurement and
general methods of investigation in the study of the
etiology of human diseases, T thought it would be
useful to devote this lecture to a discussion of the
present status of these in epidemiologic studies of
chronic disense, with particular reference to cancer.

It is unnecessary so soon after Bradford Hill's lee-
ture to discuss again the relative merits of the ex-
perimental and observational methods of investiga-
tion. My remarks will be concerned solely with
ways of carrying out observational studies and with
somne lessons that may be drawn from recent investi-
gations.

Tue Case Histony

The most ancient and still the most widely used
method of investigating the etiolopy of human dis-
ease is the case history — that is, the study of the
characteristics of persons with a disease, The dis-
cussion of etiology in medical articles and textbooks
is based largely on this method, In addition, it has
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been and still is one of the principal ways of investi-
gating the cause of an outbreak of an infectious dis-
CAse.

There are many achievements to the credit of this
method. But almost without exception, these have
involved diseases with a specific eticlogic agent such
as Rocky Mountain spotted lever, Q fever and others
caused by micro-organisms. The attempt to recon-
struct the causal chain of events preceding the onset
of diseases of unknown etiology such as cancer by study
of the characteristics and past history of persons with
these diseases so far has not been very successful
The most notable discoveries have been the identi-
fication of several types of occupational cancer,

One of the earliest illustrations is the description by
Percival Pott* of chimney sweep’s cancer about 1775.
A more recent example is Martland's® investipation
of the subsequent development of cancer and allied
diseases among workers in a New Jersey radium-dial-
manufacturing plant during World War 1. Several
other specific types of cancer have been linked by
this method to specific occupational exposures,

These illustrations have a common characteristic

— they include forms of cancer due to a specific fac-
tor encountered by workers in a well defined oceupa-
tion among whom the number of new cases of
disease was sufficiently large to attract attention.
In this respect, these forms of cancer resemble out-
breaks of infectious disease that are usually investi-
gated by the study of the history of individual cases.

Except for the limited list of malignant neoplasms
associated with specific occupational hazards, the
study of the characieristics of diseased persons has
not contributed much to knowledge of the etiology
of cancer. In part, this is due to the long latent
period that apparently exists between exposure to
a suspected agent and the appearance of clinical
symptoms. In addition, the combined effect of mul-
tiple factors, no one of which is clearly predominant,
may be necessary for the disease to become manifest.

The most serious delect of the case-history method
i1s that it provides no basis for judging the validity of
the observations obtained by its use. If the histories
of 100 persons with cancer of the liver reveal that
30 have drunk large quantities of alcoholic bever-
ages for many years, should one conclude that al-
cohol is a precursor of cancer of the liver? Clearly,
without a knowledge of the proportion of persons
without cancer of the liver who alse have drunk
large quantities of aleoholic beverages, there is no
way of deciding whether the proportion observed
among persons with cancer is unusually high or low.
In other words, a standard of comparison, usually
called a control group, is required.

Tue Coxrron Guour

A standard of comparison is always implicitly, if

sept. 17, 19

not explicitly, required for the evaluation of
history data used in the study of the etiology
chronic diseases. In Martland’s study of radium
dial painters the standard of comparison was
judgment of the frequency with which the di
observed among the dial painters would appear in
usual clinical experience. Ordinarily, a more definj
standard of comparison than usual clinical
ence is desirable. Recognition of this has led to 3
modification of the case-history method —— namely,
the comparison of the characteristics of a group of
persons having a specific disease with those of a group
of persons not having this disease.

"The primary function of this comparisén or contrel
group is to provide a basis for evaluating both the
assumed explanation of the observed condition and
other alternative explanations, For this purpose; the
control group should be representative of the popu-
lation from which the diseased persons came By
this populatien is usually undefined.

Persons with a disease at a given time are the
survivors of an unknown population, some of whese
members developed the discase and some of whom
did not. Information is lacking about those who did
not develop the disease as well as of part of those
who did develop the disease,

In most studies the diseased persons included are
the first N patients admitted to a hospital or group
of hospitals after a given date. The characteristics
of these persons in facts such as age, sex, race and
occupation that might influence the development of
the disease studied are not known until after the in.
terview is completed. The population from which
the patients came cannot be clearly defined, nor is
the process of selection resulting in the choice of the
particular patients included well understood. Con-
sequently, the population of which the control group
should be representative cannot be defined in ad-
vance. The usual procedure is to select the control
group from the same source as the diseased persons,
in the hope that thercby the two groups will be
comparable in all respects except the presence of the
disease being studied.

ProspecTive Stupies

These two methods of investigation — the case-
history analysis, and the comparison of diseased per-
sons with a control group — are retrospective in the
sense that the subjects are selected after the disease
has developed. An attempt is then made to define
the population from which the subjects have come
and to discover the chain of events antecedent to the
development of the discase. The difficulty of doing
this, the lack of knowledge concerning possible selec-
tive processes that might bias the observations and
the consequent uncertainty concerning the validity
ol the conclusions gave rise to the use of a third
method of investization, prospective studies.

/
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This method starts with a defined population that
is kept under observation to determine the risk that
a particular disease will develop in persons with
specified characteristics. The characteristies that are
thought to influence the occurrence of the dispase
can be defined and described before the period of
ohservation beging, This ensures that the same in-
formation will be available for those in whem the
discase develops as for those in whom it does not.
A known population at risk is available so that meas-
ures of the probability of the occurrence of the dis-
ease can be computed.

Such studies need be prospective only in the sense
that it is possible to define and identify the exposed
population before observations are made. If the
necessary records are available, a population eould
be defined as of some past date, and a study made of
its_experience with respect to the occurrence of a
disease after that date. Investigations of the mortality
of insured persons with various medical impairments
have been done in this way,

Covpamison oF ProspecTiVE AND RETROSPECTIVE
Mrruons

These attributes of the prospective method of
study have given rise to a widespread belief that it
is superior to either of the retrospective methods n
the sense that greater confidence can be placed in the
results, Recently, however, several investigators have
cxpressed the opinion that the retrospective method,
in particular the comparison of diseased persons with
A control group, can yield data of equal validity to
those obtained by prospective studies. In addition,
retrospective studies are less expensive, can be com-
pleted more quickly and are mare easily done so that
presumably more scientific knowledge can be ob-
tained per dollar per day. This opinion is apparently
shared by a majority of investigators since the nume-
ber of retrospective studies of the etiology of chronic
disease reported in recent years in the United States
far exceeds the number of prospective studies.

- The primary basis for this opinion seems to be a
comparison of the results of retrospective and prospec-
Wve studies of the relation of smoking to cancer of
lung. During the past two decades the results of
three large-scale prospective studies and more than
Wenty retrospective studies have been reported,  All
the retrospective studies have shown a larger per-
Centage of heavy smokers and a smaller percentage
of nonsmokers among male patients with cancer of
the lung than among control patients. Each of the
Prospective studies has shown that the death rate
cancer of the lung is higher among cigarette
smokers than among nonsmokers and that the rela-
tive difference in the death rates increases with an

Micrease, in the average daily number of cigarettes
smoked, X

The following conclusion based on a comparison of
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the results of a retrospective study of smoking and
lung cancer conducted at Roswell Park Hospital with
those obtained in the prospective study carried out
by Hammond and Horn of the American Cancer
Society typifies the opinion apparently shared by
many investigators:

It is also evident that, apart from the closeness of the
potual rates in the two studics, beth methods of study
have led to the same conclusions with respect to the
relative  incidence of lung cancer among nonsmakers,
other than cigarette smokers, and cigarette smokers. £
The similarity of resulls obtained by the whole-population
study of Hammond and Horn, in which smoking  his-
tories were obtained from more than 200,000 PLrRoHS,
with the hospita] samples, in which 2E53 paticnts were
studied, 5 of added interest because of the obvious fact
that cpidemiological studies of hospital populations can
e done much more readily, more frequently, and with
more careflul attention to a large number of varinbles,
than can whole-population prospective studics. . . . Pros
vided each is well designed, thers would appear 1o be
no important theoretical reasons for preferring one type
of study 1o the other.?

It is important to know whether this statement is
generally true. I it is, the belief, held by many, that
prospective studies give a more reliable measure of
the risk of the development of a disease is not valid,
and the simpler, less expensive and quicker retrospec-
tive method of study should be the preferred method
of investigation, I am not convinced that the state-
ment is generally true, and I shall illustrate the
reasons for my disbelief by some data obtained in a
study of cancer of the cervix in Jewish and non-
Jewish females conducted by the National Cancer
Institute.

Clinical literature contains much speculation con-
cerning the etiology of cancer of the uterine cervix
derived from a review of the history of paticnts.
Several investigators have checked these suggestions
by retrespective studies of the characteristics in cases
of cervical cancer and a corresponding control group.
Three of the most comprehensive studies are those
by Lombard and Potter,” Wynder and his associates?
and Jones, Macdonald and Breslow.®

Lombard and Potter® interviewed patients with
cancer of the cervix in twe Massachusetts State Can-
cer Hospitals and six different groups of persons
without cancer of the cervix, including hospital pa-
tients, friends of the patients with cancer and persons
selected by a household community survey. After re-
viewing the data collected concerning 29 factors, the
authors concluded, “The strong correlations that
exist between cancer of the cervix and marriage be-
fore the age of 20, individuals divorced or separated
at any time, unrepaired lacerations, last child born
to woman before age 25, and syphilis indicate that
these variables are of etiological significance,

Wynder et al.” interviewed Jewish, non-Jewish and
Negro females in hospitals in New York City and St.
Louis. They reported a strong positive association
of the following factors with cancer of the cervix:
carly age at first marriage; early age at first coitus;
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multiple marriages; and lack of cireumeision of sex-
ual partners.

Jones and his co-workers® studied patients in the
Los Angeles County Hospital and from private prae-
tice. Control cases were selected from the same
sources. No significant difference between patients
and controls was found in dietary deficiency, estrogen
excretion levels, menstrual patterns, hygicnic prac-
tices, use of contraceptives and frequency and dura-
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Fuoure 1. Imcidence of Cancer of the Utarine Cervix and

Uterine Corpus in Selected Population Grouwps — Number

of New Cates per 100,000 Jewish Femaler in lrracl, 1952-

53, and per 100,000 Puerto Rican, qu,ﬁfwi;h aind Non-

Jewish White Females Respectively in New York City,
19352 (Rates Are Age Adjuried).
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tion of coitus, Contrary to Wynder, Jones did not
find that a higher proportion of women with cancer
of the cervix than of the control cases reported un-
circumeised sexual partners. -Lombard apparently
did not include circumcision status among the factors
investigated in his study., Early age at first marriage
was [ound Lo be positively associated with the develop-
ment of cervical cancer in each of the three studies.

Many persons have reported that cancer of the
cervix occurs much less frequently among Jewish
than among non-Jewish females, Although this find-
ing is based almost entirely on a review of hospital
case records and autopsy statistics, it has been reported
from several countries and has been widely accepred
as true,

A few years ago the National Cancer Institute
began a series of studies to determine the validity of
the reporied association between various factors and
cancer of the cervix. Each study had three aspects:
the determination of the incidence of cancer of the
cervix in defined populations; the collection of case
histories of patients with cancer of the cervix and of
a control group of persons without cancer of the
cervix; and the verification of the diagnosis of each
case of cancer by an independent review of the avail-

able pathologic tissue.
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The objective of the first study was the collection
of these data for Jewish and non-Jewish Population
since available information suggested the largest gif,
ference in the incidence of cervical cancer mighe e
found in these two groups. Subsequent studies iy,
cluded the Negro population of New York City and
Washington, D.C,

In each study an effort was made to obtain a
on every case of cervical cancer first diagnosed during
the study period in the population studied., o compute
the incidence rate and to determine the proportioy
of new cases that were interviewed. An an
was made to interview every new patient with cange
in the Jewish population of Israel and New Yorl
City. The number of new cases of cancer of the
uterus in the non-Jewish white population of New
York City was considerably larger than that in the
Jewish population; consequently, only a sample of
these patdents were interviewed. In both areas the
study included cases of cancer of the uterine ﬁwpn
and, in Israel, cases of cancer of the ovary and hreas
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Fwure 2. Incidence of Breast and Genital Cancer among

dihkennzic and Sephardie-Oriental Jews in Israel, 1952-31

— Number of New Cases per 100,000 Females, Adjusted foe
Ape.

This method of investigation — namely, the colle-
tion of data concerning every newly diagnosed case of
cancer in a defined population — permitted a com-
parison of the conclusions drawn from an analysis of
factors associated with cancer of the cervix based
on a retrospective study with incidence rates for the
same population,

The incidence rates shown in Figure 1 reveal a wide
range in the incidence of cancer of the cervix in the
various population groups identified, a small van-
ation in the incidence rate of cancer of the corpus.
a lack of correlation between variation in the ino-
dence of cancer of the cervix and cancer of the corpw
{a fact suggesting that different etiologic agents exist
for each type of cancer) and very low and essentiall
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identical incidence rates for cervical cancer among
Jewish females in Israel and New York City. The
incidence of cervical cancer was twenty times greater
among Puertc Ricans than amonz Jews, with the
rates for Negro and non-Jewish white females lving
between these two extremes,

The resettlement of Jews in Israel has brought
together persons of widely varying cultural back-
grounds. Three principal subgroups can be identified
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the same population during the same period, both
the retrospective and the prospective methods of
studying the association between various factors and
a disease should theoretically lead to the same con-
clusions.

The studies conducted by Lombard and Potter,”
Wynder et al.” Jones and his associates® and the
Natonal Cancer Institute investizated some of the
same factors thought to influence the development

Tanry 1. Arsoeiation betiween the Percentage Marvied Befare '.f'n'ml" Yearr o,‘ Age and Cancer n-f [ﬁg.z_ﬁ'rr:[.lf_;.
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N .
i | o | 5 s 7 sl 2,38
Tnatitute | Newn Fork Oiry |
Non. Jewith white i - 400 6.7 1.1%
| Tewish | #5 i 22 =4 0.93
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| Ashkerzic | 52 966 .4 170 25
| ERCR Sephardie-Oriental | 15 b 876 46 7.
| Loy Anpeler
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—the Ashkenazic, literally German Jews but rather
loosely referring to those coming from Northern and
Central Europe, the Sephardic or Spanish and Portu-
guese Jews, coming principally from the countries
bordering the Mediterranean, and the Oriental Jews,
coming from Asia Minor. The number of cases of
‘ancer among Sephardic and Oriental Jews during
the two-year period of study was not large enough
10 warrant the computation of incidence rates for
cach group separately. Rates for both groups com-
bined and for Ashkenazic Jews are shown in Figure 2.
Lo Most remarkable feature of these data is the
:::.l;n:: 1;:1 the incidence rates for cancer of the
: [0 the two groups, in eontrast to the dispari

n the incidence rates IE: cancer of the hrm:,l?:‘puti
and ovary, No significant variation was found in the
of cancer of the cervix in any of the sepa-
;:::rf‘““w of Jews identified in New York City and
: If both the cancer and control cases are respec-
tively representative samples of the newly diagnosed
cases of cancer in a defined population during a
specified Period and of the persons without eancer in

far enneer of eorvix among females married belore age 20 10 rate for females married sfier age 20,

of cancer of the cervix, A higher percentage of cervi-
cal cancer than of control patients married earlier
than twenty years of age was found in each study,
Data showing the association of the percentage mar-
ried before age twenty and the development of cervis
cal cancer are presented in Table 1.

In cach of the nine population groups, except
Jewish females in New York City, as reported by the
National Cancer Institute, a larger percentage of
women with cancer of the cervix than of women
without cancer of the cervis were first marvied under
twenty years of age. However, it is virtually impossi-
ble from an inspection of these percentages to deter-
mine the closeness of the association between the!
percentage  marricd  before age  twenty  and  the
development of cervical cancer or whether this
assoiation is stronger in one group than in another.
For this purpose a measure of the risk of the develop-
ment of cancer of the cervix among females married
before age twenty and among females married after
age twenty 18 necessary,

Such a measure can be estimaved from the dat in
Tahle 1 if it can he assumed that the cancer and con-
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trol cases are representative of the corresponding
groups in the population frem which cach is a sample.
In the absence of a knowledge of the incidence rate in
the population studied, the only measure that can
be computed is the relative risk that cancer of the
cervix will develop.” This is shown in the last column
on the right in Table 1.

The number, 3.68, for the Jewish population of
Israel means that the risk thar cancer of the eervix
will develop in females who marry before age twenty
is 5,68 times the corresponding risk {or females who
marry after age twenty. The variation in the esti-
mated risk of cancer of the cervix among the several
population groups—a variation not directly related
to the size of the percentage marrying before age
twenty—emphasizes the difficulty in the interpreta-
tion of retrospective studies pointed out above (name-
ly, that the persons included are usually selected by
an unknown method of sampling [rom an unspecified
population ).

Lombard and Potter' used six different control
groups. The data for each show that women who
marry before age twenty have a greater risk of
cervical cancer than women who marry after this age,
but the estimate of the relative risk varies from 2.6
to 4.1, The highest estimate, 7.78, is for the Sephar-
dic-Oriental Jews in Israel and is three times that for
Ashlienazie Jews. The lowest estimates were found
by the National Cancer Institute for Jewish and non-
Jewish white females in New York City and by Jones
et al" in Los Angeles.

As mentioned above, in the study by the National
Cancer Institute, an effort was made to interview
every patient with a new ecancer diagnosed during
the study period in the Jewish populations of Tsrael
and New York City. However, some patients died
before arrangements could be made for an interview,
others were too sick to be interviewed, a few refused
to co-operate, and in Israel some could not be in-
terviswed owing to language difficulties. As a result,
23 per cent of the new patients with cancer of the
cervix in the Jewish population of New York City
and 83 per cent of those in Tsracl were interviewed.
No information is available concerning the proportion
interviewed in the studies by Lombard and Potter,!
Wynder et al® and Jones, Macdonald and Breslow.®

The six control groups used by Lombard and Potter
were selected from hospital patients and by a com-
munity houschold survey, In the other three studies
the controls were selected from the same source as
the patients with cancer. In all studies they were a
very small percentage of the total number of females
without cancer.

Much more serious than the variation in the esti-
mates of relative risk obtained from the nine groups
is the fact that these estimates are not related con-
sstently to incidence rates. Incidence rates are not
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available for females classified by age at first i
However if therc is a strong positive association be.
tween carly age at first marriage and the
ment of cervical cancer, as the data in Table 1 sug-
gest, the incidence rate for cancer of the cerviy
should be higher for populations in which a high per.
centage of females marry before twenty years of age
But this obviously is not consistently true,

The percentage of females marrying before age
twenty is more than twice as great for Sephardic.
Oriental Jews as for Ashkenazic Jews for both cancer
and control cases; yet the incidence of cervical eap.
cer does not differ. Neither do the incidence rae
differ for New York Jews and for Isracli Jews al.
though the percentages marrying before age
differ widely. The incidence rate for cancer of the
corvix among Negroes in New York City is higher
than that for any group except Pucrto Ricans, The
percentage marrying before age twenty is also higher
than that for each group except the Sephardie.
Oriental Jews in Israel, but the latter has a lower
incidence rate.

The lack of agreement betwecn the measure of
relative risk of eervieal cancer obtained from the
retrospective interviews and incidence rates as well
as the variation in the estimates of relative rsk among
the retrospective studies is due largely to the fact that
the cancer and control cases were not representative
samples of the unknown population from which they
came. But how can it be determined in any specific
group that the cases studied are not representative so
long as the population from which the cases origi-
nated as well as the selective process that resulted in
their choice is unknown?

The inconsisteney is probably due in part to the
fact that the percentage marrying hefore age twenty
is not a primary ctiologic factor for cervical cancer.
There is no reason to believe that the performance of
a marriage ceremony in itself has any direct effect
upon the risk that cancer of the cervix will develop.
Age at marriage varies widely among  different
population groups and also may vary over time within
a given group. Early age at marriage for females has
been a prominent characteristic of the culture of the
Sephardic-Oriental Jews now living in Tsrael where-
as the cultural background of the Ashkenazic Jews has
favored a later age at first marriage.

During the past two decades the percentage of
females marrying before the age of twenty in the
United States has increased sharply, In 1940 the
Bureau of the Census reported that 22 per cent of
females eighteen or nineteen years old were married;
in March 1958 this had increased to 34 per cent.’ If
females who marry before twenty years of age are
more likely to develop cancer of the cervix, the inci-
dence rate soon should begin to increase since women
who married before that age during the early 1940's
are now between thirty and forty years of age, the age
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period  during which  incidence rates first  become

numerically large.

The one trait, marriage before age twenty, found
by each of the four studies 1o be positively associated
with cervical eancer is not consistently related o vari-
ation in the incidence rate. The studics yvielded con-
tradictory results in several other respects.

Wynder et al.” concluded that lack of circumcision
of sexual partners appreciably increases the risk that
cancer of the cervix will develop. The studies by
Jones and his co-workers® and the National Cancer
Institute reported no association between lack of
circumcision and cancer of the cervix. Jones, Mae-
donald and Breslow lound no association between the
number of sexval partners and cervical cancer,
Wynder et al, and the National Cancer Institute
found an association, but the relative increase in risk
lor the non-Jewish pepulation of New York City esti-
mated from the data of the latter study was only 16
per cent, A higher proportion of patients with cervical
cancer than of control patients were divorced or
separated in the studies of Lombard and Potter,
Jomes amel his associates and the National Cancer
Institute,  However, the death rate of divorced or
separated women is higher than that of married
women both for all cavses combined and for a num-
ber of specific diseases so that this finding probably
reflects only the general health status of such women.

It is difficult 10 see how age at marringe per se, as
well as other factors such as the fact of divorce or
separation and low economic status thit have been
idlentified in retrospective studies, can directly in-
fluence the development of cancer of the cervis, Early
age at marriage may be related to some presently
unknown factor that dees directly influence the de-
velopment of cancer of the cerviz. I so, an cffort wo
identily this unknown factor would be preferable to
a repetition of studies showing that a higher propor-
tion of women with ecervical cancer than of women
without cervical cancer are married before wwenty
vears of age,

Discuission

I do not wish to give the impression that [ reject
retrospective studies as a method of investigating the
etiolopy of chronic diseases, The retrospective method,
in theory, can provide data of reliability and validity
comparable 1o that obtained from prospective studies.
But, as usually applied, it does not do this. The
fundamental defect of many retrospective studies is
that they are based on an unspecified sample of per-
sons chosen by an unknown method of sampling from
an unidentified population.

The fact that retrospective studies conducted in
this manner sometimes lead to the same conclusions
as miore expensive and prolonged prospective studies
s not a sound basis for assuming that this generally
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will be true. A purposive or haphazardly chosen
sample may sometimes lead to the same conclusions
as a representative Sample selected by probability
methods, but experience has demonstrated that this
is generally not true and that there is no way of
identifying in advance the occasional instance when
it will be true.

The retrospective method can be particularly use-
ful in the study of diseases of a very low incidence
and in the tentative exploration of hypotheses when
not much is known about etiology of a disease. But
if it is to be useful it must provide a valid basis for
generalizing from the observations obtained.

The primary purpose of epidemiologic studies of
the cdology of disease is to discover generalizations
that will hold true for a population larger than that
on which the study is based. This is equally true
for retrospective and prospective studies. In this
sense all studies are based on samples,

If valid inferences are to be drawn from a sample.
two requirements must be fulfilled: the sample must
be representative of the population to which infer.
ences are o be drawn; and the data collected must
be of sufficient reliability and validity to answer the
hypotheses to be tested. Tt is essential to fulfill both
requirements. Neither requirement should be relaxed
without a careful weighing of the consequences,
since confidence in the results of the study will thereby
be weakened, Too frequently there is a wemptation
o relax both requirements because it is cheaper, more
convenient or quicker to use readily available data
even though these may be of doubtful validity ane
cannot be referred to any known population.

There is no way of ensuring that a single specific
sample selected by any method will be representative
of a given population in the sense that the same con-
clusions would be drawn from a study of the sample
as from a study of the entire population from which
it 1s taken. Nevertheless, experience has demonstrated
that some methods are meore likely than others to
accomplish this ohjective.

The first essential is that the sample of persons
chosen for study should be selected by a known
method from a defined population. This is the re-
quirement most commonly vielated by retrospective
studies. Tt is true that every group of persons may be
thought of as a sample of some population. A study
of the characteristics of the sample may result in
a general conception of the poepulation from which
it could have come. But this deduction s of uncer-
tain validity and usually cannot be demonstrated ob-
jectively. Hence, the results of studies based on
samnples [rom undefined populations cannot be re-
garded with the same confidence as the results of
studies based on samples drawn by probability
methods from a defined population. Before anv
study iz undertaken, careful consideration should be
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given to the question of whether the objectives can
be fullfilled by observations based on the sample of
persons selected.

The only method of sampling that is known to
produce a representative sample in most studies is
that of probability sampling. This method has two
principal advantages: it permits the computation of
a valid error of sampling: and, more important, it
rliminates the bias in the selection of the persons to
be studied that may occur from purposive selection
or from accepting the first N patients that are admit-
ledd to a single hospital.

An alternative to selecting a sample of cases for
interview is to include all new cases developing in
a specified population during a defined period. This
leaves unresolved the problem of whether the popu-
lation chosen has been subject to some sclective fac-
tors in the past that may bias or limit the generality
of any conclusions, but it does eliminate the uncertain-
tv about the method of selection of the cases with
disease although not necessarily about the selection
of the control cases.

A number of steps can be taken to improve the
methodology of retrospective studies so that they will
provide a more valid basis for gencralization:

A defined population should be chosen for study.
Otherwise, there is no way of determining how the

—awmielective factors that have produced the population

may affect the validity of the observations to be
made. The most easily defined populations are
persons living in a delimited geographic area such
as a city, village or township, members of a specific
occupation or profession such as bus drivers or
physicians, employees of a company, members of
a labor union and so forth.

All mewly diagnosed cases of disease or deaths
occurring in the defined population during a speci-
fied period should be included.

Whenever possible, one should use objective
measures of the disease studied and of the factors
or traits thought to be associated with the disease,
The wverification by physical examination of state-
ments concerning circumcision has thrown doubt
upon the validity of conclusions concerning the
relation of lack of circumeision to the development
of cancer of the cervix based on data obtained
by interviewing wives."! It has also shown that
the dichotomous classification of males as cireum-
cised or not circumeised is an oversimplification of
the condition as it, in fact, exists.**

More than one type of control group should be
used. Unless the same association between the fac-
tor or trait in question and the existence of the
disease studied is found for each control group,
the validity of the association is questionable.

The study should be repeated in several different
populations in which the suppesed etiologic factors
vary widely in intensity or degree. The investiga-

Sept, 17, 19499

tion of cancer of the cervix in populations with
wide variation in age at marriage is an illustration
of this point, Until an observed association is veri-
fied by replication, it is merely a single observation
and should not be accepted as established.

Primary etiologic factors should be sought. A
review of published retrospective studies of cancer
shows that the usual pattern is to make one stucy
of a particular type, — for example, cancer of the
cervix, — publish a paper and then study another
type of cancer, Most of the sugmested associations
— early age at marriage, divorce or separation and
low economic status—clearly are not primary
etiologic factors. It is very unlikely that a sinple
study of a disease will uncover primary etiologic
factors. These are found by repeated investigations
of the same disease, building upon and extending
existing knowledge.

One should search for populations known to be
exposed to a condition suspected of causing a dis-
case. Attempts to discover possible occupational or
industrial hazards that influence the development
of specific forms of cancer by a retrospective study
of patients with the disease from the general popu-
lation have shown that this method of study is tao
diffuse to be likely to reveal specific carcinogenic
hazards.”* Most knowledge of occupational hazards
that cause cancer has been obtained by observation
of workers in a specific occupation or performing
a clearly defined operation. Usually, the number
of workers exposed to a hazard is not large so that
retrospective studies of workers with a history of
having worked in many rather vaguely defined
occupations and having only a sketchy knowledge
of possible exposures are unlikely to yield definitive
results. A prospective study of workers who are
performing a specific job and for whom exposure

to the suspected hazard can be verified is clearly
the preferred method.

One should verify the strength of an ohserved
association between an etiologic factor and a dis-
ease by a prespective study yielding either incidence
rates or mortality rates for the disease. Retrospec-
tive studies do not pive a direet measure of the
risk thar a disease will develop in persons with or
without a specified trait. A measure of relative risk
can be computed subject to certain assumptions
concerning the representativeness of the persons
included in the study, but an analysis of compu-
tations from a large number of retrospective studies
shows that little confidence ean be placed in the
vstimate of relative risk obtained [rom the data
of & single rvetrospective study., It s true that
examples, such as that cited by Levin et al.? can
be found for which the relative risk of a disease
computed Trom a retrospective study agrees closely
with that computed from a prospective study, but
there is no way of being sure of this without a
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prospective study. There 1s no substitute for meas-
uring as precisely as possible the risk of a disease
among members of a defined population,

Many believe that only trained investigators can
plan and conduct controlled experiments whereas
even the man on the streel can record and interpret
observations of naturally occurring events, But, in
fact, it is equally difficult, if not more so, to make
accurate, reliable observations of maturally eceurring
events than it is to carry out planned experiments.
To unravel the tangled skein of causation of disease
by the observation of man in his environment re-
quires the utmost persistence, a profound skepticism
af the ohvious, an alertness for the selective factors
that have produced the most readily available sub-
jects for study, the ability to penetrate beneath the
surface of the ohservations, a strong distrust of what
is said or seen since the unchecked human memory
is probably the mest unreliable research instrument
in exislence and a willingness to spend leng hours
upon the development and perfection of methods of
making observations coupled with the patience to
await the occurrence of the succession of events most
relevant to the hypotheses to be tested. The more
ineflicient the method of investigation, the greater
tha necessity for a critical attitude toward the selee-
tive factors that may have produced the subjeets
studied and toward the reliability and validity of the
nbservations,

How else but by observation upon man himself
can one hope to find clues to the etiology of his dis-
vases? But these observations should he accurate and
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-
well desipned, obtained by a persistent search rather
than by a guick walk 1hmugh a hospital ward as if
one were picking up flotsam by casually strolling along
the beach, Nature guards her secrets well and throws
up deceptive camouflages. The method of ohserva-
tion can be very useful in penetrating this camou-
flage and in finding the concealed secrets but only
f it 15 well directed and controlled,
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LATEX-FIXATION TEST IN RHEUMATOID ARTHRITIS*

II. Characterization of the Thermolabile Inhibitor by a

Serologic Study

ApaLeert F. SBcrumarr, MDD

BOSTON

THE latex-fixation test of Singer and Plots' was

designed as a diagnostic tool for the detection of
rheumnatoid arthritis, The positive reaction in this
test depends upon the interaction of human gamma
slobulin with, presumably, various serum components,
among which the rheumatoid [actor is outstanding,
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The polystyrene latex particles act only as carriers for
the gamma globulin and as indicators for the precip-
itin reaction that occurs on the surface of the bio-
logically inert particle,

The interaction of the rheumatoid factor and
gamma globulin may be inhibited naturally in a given
serum to the extent that aggregation of the particles
no lenger occurs. This inhibition was mainly present
in low serum dilutions resulting in a so-called “pro-
zone inhibition.”*" Previous observations™® have in-
dicated that this natural inhibitor is relatively thermo-
labile and that it possesses some of the properties of
serum complement.

It is the purpose of this paper to present the results
of serologic studies performed to characterize further
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