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INTRODUCTION

srinciples even {11, 1o say nothing about the difliculties of research practice itself.

As an illustration. consider the hypothetical example of testing the hypothesis that a
cavse of travelier's diarrhea is the consumption of tequila (a Mexican drink), with cases
derived from 2 hospital in Acapulco., Mexico. over a definec period of time. What might
be the proper “control™ group? .

Lilienfeld, in his textbook on epidemiology [2]. expresses the commonly held view that
the “control™ group should be representative of “the general population™ (as to the
ezposure rate). But the meaning of this is very obscurc in the example at hand.

This general corcept is made somewhat more restrictive in the recent textbook by
S Schlesseliman, specific to “case—control™ studies [3). He refers to a need, in general, to
' sample “the target population,” defined as *'a subset of ihe general population that is both
at risk of the study exposure(s) and the development of the study disease.”™ While, as was
noted, the meaning of even “the general population™ is already quite unclear in the
example at hand, totally mysterious is the concept of its subset that is “at risk” for both
tequila use and the development of traveller’s diarrhea.

Whatever may be the meanings of those concepts in this example, it is clear that the
common practice of using neighbors (who might reside in Boston, Montreal, eclc.) as
“population cpntrols™ would be very inappropriate—grossly exaggerating the causal
relation of the incidence of traveller's diarrhea to the consumption of tequila.

It is the purpose here to propose basic principles of valid sclection of subjects in
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*case-control” study.

THE ESSENCE OF THE “CASE-CONTROL' STUDY

A commonly held concept of the “case-control™ study is that it is the alternative to the
cohort study. The distinction is taken to be one of “sampling™ in the sense thatin a cohort
study onc “samples” people free of the illness, representing diffesent categories of the
raneal factor (sotertial or known) under study, and follows them forward in time (o learn

L . . . . “ . . . :
o VaLID selection of subjects in “'case~control™ studies remains problemaltic on the level of
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sscasa—control” studics. They derive from a reasscssment of the presumed nature of the

tac TN

N F RSP TR W T e e o

[ RO S G

AN R o v

(A
;|

5

T

&

A

A

ey
wiay B h 1\.‘:‘&5

Wil

ik

]

(RN
,

;?‘:{ mbl: TG’. w

W

)
o

LT sy PO
b a2 eviedeY

o

5

e i)

TRl Py s = P
N .".z;..;“”f‘ o
ya Tadl 82 aa e Y

EXAR



TN L et

w e oy,

L

I - 8 - O S Metnivges

regarding the causal factor. In other words, so goes the thinking. in a cohort study the
investigative movement is “from cause to effect™ and in a "cusc-control"‘ study “from
effect 1o cause™ [3]. ‘

This concept of the essence “case~control™ studics as representing the reverse of cohort
studies [ believe 1o be in error. | term it “the “trohoc” fallacy,™ using Feinstein's [4] highly
descriptive term for the commonly espoused reverse-of-cohort notion. "

Almost as erroncous. and misleading. | consider the component notion that in
"case~control™ studics the concern is to compare cases with non-cases.

Any study—*"case-control" or whatever—on the incidence of illness must be based on
the incidence experience of a particular population as it moves over time. The study
population may be defined by an event experienced by its members, with the membership
lasting forever thereafter: or it may be defined by a state, lasting for the duration of that
state. The two types of membership critetion dehne cokoris (i.e. adynamic, or closed
populations) and dynamic (open) populations, respectively. They are exemplified, re-

spectively, by the patients in a clinical trial—a cohort defined by the event of enrollment
into it—and the catchment population (for a given jllness) of a particular hospital—a
dynamic population defined by the state that if the illness were to develop, one would go
to the hospital. As anothar illustration of the duality, consider the Framingham Heart
Study. The swdy population is a cohort, defined by theevent of enroliment into it, in 1948,
once and for all. An alternative to this would have been 1o follow the population of
Framingham residents from 1948 onward—the catchment population for a case registry
there—with peaple entering and exiting the resident status in the course of the study. Thus
the term “cohort™ refers to one of the two possible types of dyncmics for the study
population, and the alternative 10 a cohort study is a dynamic population study—rather
- than a “‘case—control" study. =~
Given a study population’s experience over time, or a study base, it is necessary to
ascertain the ielevant facts aboul the occurrence of the illness in this experience. One
approach to this is to employ a simple census, that is, to aszertain all of the relevant facts
on all members of the study population, as is commonplace with populations (cohorts)
involved in clinical trials. An alternative to this appreach is one of combining census and
sampling. First one uses 2 census of the base population as to outcome—to identify all

cases. Then @ sicond census is conducted on the cases to ascertain other facts (concerning

the determinants, modifiers and confounders) on them,. Finally, a sample of the base is

used to obtain information of the latter type about it. This alternative to the census
approach may be considered the census~sample or case~-bdase approach [5]. It may also be
termed the case-referent approach [6), since the study base, which the sample represents,
is the direct referent of the empirical pattern of occurrence in the study. On the other hand,
the term *“case-control” approach is a misnomer, as the base sample is no more a control
series than a census of the base (referent) is, ‘

The “case—control” term is, | believe, a reilection of the “trohoce™ fallacy of the essence
of this type of study. It reflects the misguided notion and practice of comparing cases with
noncases in “case-contirol™ studies. If 3 census of the base were used, then, in a simple
situation the concein would be to compare the index rate r, = ¢,/ B, with the reference rate
7o = €o/ By, ¢, and B, denoting the number of cases and the size of base segment representing
theith category of the determinant, By no means would the natural comparison be between
the case series and the base as to their distributions by the determinant. If a sample of
size b = b, + b is drawn from the base B = 8, + B, so as to estimate the relative sizes of
£, and By, then r{ = ¢,/b, and o= Co/b, ate stochastically proportional to r,and r,, so that
the empirical rate ratio is estimable as (e1/b))/(co/by). The point is that the contrast is
between the index and reference categories of the determinant regardless of whether a
census or a sample of the base is used. And the utility of appreciating this'lies in its accent
on the study base—the population cxperience of which the reference series is to be a
representative sample (as to the distribution of the determinant). ' .

Summarizing, the “case-control™ study is not the alternative, or even an alternative, to .
the cohort study. A cohort study involves a cohort as its basc population, and its
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aliernative is the use of a dynamic population. A “case-control” study involves a
census-sample—case-base or case-referent—strategy of ascertaining the facts about the

study base. and its alternative is a simple census.

DEFINITION OF THE STUDY BASE

With the *‘case—control™ study viewed as a matter of census-sample approach to
fact-finding about the study base, valid selection of subjects (case census and base sample)
presupposes understanding of the definition of the study base, notably a duality in it. This
duality corresponds, roughly. to the common distinction between “population-based™
case-referent studics on the side and “hospital-based™ ones on the other {3), but it needs
clarification. Fer, in terms of the conceptualization of the essence case-referent studics
proposed here, all of them are population-based—having to do with the experience of the
base population over the time-frame of the study.

The base mzy be demarcated a priori—as, for example, the population (dynamic) of a
particular meiropolitan area over a particular period of calendar time (7). With such a
[ the base, the cases of interest are defined, secondarily,

definition—a primary definition—o0
defined. The challenges are to ascertain

as the entirety of cases arising from the base so

- those cases on a census basis and to obtain a proper sample of the base itsell.

Alternatively, the cases may be defined a priori—as, for cxample, those appearingin a
particular hospital over a particular span of calendar time. Such a case series is, I propose.
1o Ls thought of as a census of cases in the corresponding base by definition—with the
definition of the base thus secondary to the case selection. The justification for this
proposition is the imperative that the case series and the base sample be representative of
the same population experience, that is, that they be coherent. With a census ascertainment
of cases achieved by definition, the challenge is proper definition of the secondary base
inherent in the case enroliment—and, thereupon, its proper sampling.

Given that the case serics is the totality of cases in a secondary base, such a base must
be the population experience (the entirety of i) in which each potential case, had it
occurred, would have been included in the case series. The introductory example serves as
an jllustration of this. For the cases of traveller’s diarrhza identified in an Acapulco
hospital over a particular spdn of time the correspanding base is the experience, over that
time span, of the population in which each potential case of traveller's diarrhea, had it
occurred, would liave appeared in the hospital and vould have been enroiled in the case
series. In other words. it is the experience of the hospital's catchment population for
traveller’s diarrhea over the period of case accrual. This definition of the base makes it
obvious that neighbors and siblings are unlikely to be even members of the study base
(seccondary), let zlone representative of it (as to tequila use). :

Among actual studies, exceptionally illustrative is the International Agranulocytosis and
Aplastic Anemia Study [8). Enrolled are two types of case—the one that is admitted to
hospital because of the discase, and that which develops during hospitalization. For the
cases of the:former type the corresponding population experience (study base) is that of
the catchment population (for agranulocytosis and aplastic anemia) of the participating
hospitals over the period of case enroliment—an out-of-hospital population experience. By
contrast, for the cases developing during hospitalization the base is the in-hospital
experience of ail patients in whom such development would have been diagnosed in the
participating hospitals over the study period, regardless of the admission diagnosis. Thus,
for the two types of case, the respective base samples must be representative of the
hospitals’ catchment populations and their monitored paticnts, respectively. These state-
ments imply that in that study the primary commitment was to hospital-identificd cases,
and that the challenges were to properly define, and then to properly sample. the
.corresponding base experiences, with those definitions secondary to the means ol case
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Primary definitions for

the population of West Berlin over the as of the )3
study period, for example. Thus the challenge was (o identify all relevant cases of the two the use o,l :p¢
illnesscs arising from those population experiences, and monitoring of all hospitals in the in the t0%3
areas involved was Judged 1o afford a reasonable approxim
ascertainment of such ¢

available 3t a"-
ases. |t deserves particular note that
is of the primary type, it

a-
cven if the base population ume. or--.t::in
by no means needs to be “the general population™ (whatever may dc"dog‘%‘.om
be the meaning of this phrase). This principle is wel] ingrained in the clinjcal trial paradigm. ' “lf’cwhqr.p cc
In these trials one studies the incidence of health outcomes in relation to {reatment—not —in “of 2
in the “general population® nor the “general patient Population™ but in the particular type wauslfas bct
of patient enrolled in the trial. It accords, as well, with the outlook in laboratory science: : Aédc of tt
nobody demands that the study population be fepresentative of “the general rag outs! ians. T
population” or its counterpart in some other speeies; what matters is that one is clear on ‘C,.(dusw:;c e
what pariicular tvpe of population it js. ?‘3.5;25.'3‘ cc
It is werthy of further note that the definition of the study base, be it primary or : mc_\hc‘;:.ml;:
secondary, does not restrict the population to people “at risk™ for the “exposure” (index - fc?x © .'.;c c
category of the determinant under study) nor to those “at risk" for the illness at jssye. S&x‘agnotmd:
If everyone in the study population were predestined to their status of “exposure™ or  iliness wclus
“nonexposure,” this would be N0 worse than “seif-selection™ in the context of being “at (no:n—c-r;pm
nsk,” especially if predestination were based on randomization (by the Lord). As for the Sc;r;gsu.c cz
risk of the Ulness, there 15 no imperative to have the study population consjst of individuals _. b'cc':S mL
of nonzero risk. The point is, instead, that the inclusion of reople of known zero risk is . st:. }ios“iial ’
a matter of waste and/or obfuscation. . ° ﬂ,: cas
Finally, the concept and definition of the study base arc critical 1o the understanding y for &alion
of whether the case series should be fepresentative of all cases {2, 4], or whether instead 'pop' .
this demand js “misplaced” [9]. As long as “all cases™ means ali cases arising from the = - ?033: s
study base, this quality is inherent in the census of cases—censys ascertainment in the ' m‘} } L
context of a primary base, and census-by-definition with a stcondary one. ', v E;Zhus {2+
' " geference
VALID SELECTION oOF SUBJECTS ) . 10 nolc.'h
e
As was noted above, the overriding principle of subject selection in case-referent studies ‘ ‘ cz;;:-:,n_ f
is that the c1ce serjes and referent sample be representative of the same base experience. . ‘ ;f the n-
When the base s defined in primary terms, the challenges are, as was noted, to obtain ‘experient
a census of cases in it together with a sample of the base itself, with the latter representative : In parlic
of the base as 1o its distribution by the dctcnninanl(s) of interest. The particulars of . adraissit
complete case ascertainment are matters of procedural technics etc. and the attainment of ' vicinity -
valid sample of such a base is a matter of sampling theory in general. Both of these topics o referenc:
are outside the scope of the presentation here, . . themsel
When the base definition is secondary to case selection, and the case series thus valid - populat
by definition, the challenge s valid sampling of the base, This sampling s guided by the ' . of thet .
definition of the secondary basa, Thus, as a first example, for the population experience - Wha'
(population time) formed by people who would have come 1o the Acapulco hospital had determ
traveller's diarrhea occurred in the time period of case accrual, an appropriate sample is Thus. }
constituted by people who did come there due to a condition which is known to be distnib.
interchangeable with traveller’s diarrhea as a reason for ending up in the Acapulco of mat
hospital, and whose oteurrence is known to belunrelated 1o the use of lcquil;:[ Similarly, detert
as a second example, for cases of agranulocytosis appearing in the study hospitals because in the
of this disease, a suitable sample of the base (in fespect to recent drug use) js patients who : analo;
did come to those hospitals for some other acute condition which is known 1o be referred ‘ ol
to the hospitals in the same circumstances (of geographic location etc.) as agranulocytosis : «
is, and whosci'occurrcncc is known (o be unrelited to the use of the drugs at issue. : '“jl
Neighbors, when not travelling, are likely to be members of this buse population during : N
the study period, but their histories of recent drug use are not fepresentative of those in impe’
Ihe study base if the neighbors® histories are taken under circumstances that tend to be repre
alypical in.terms of recent drug use. In particular, il the history of recent exposure is tuken
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as of the time of home interview, arranged at the ncighbor’s convenicnce, the history of
the use of analgesics hours or days carlicr is unlikely to be typical of such time scgments

. in the total period of the neighbor's membership in the study population: he/she may be

available at 2 particular time because a condition leading 1o analgesic use is present at that
time. or because it is absent. As a third and final example, for cases of agranulocytosis
developing in the participating hospitals (afier admission).the_reference series must be
sclcclcd fror the in-hospital population, without regard for the reason for hospitalization
—1in sharp contrast to the reference serics for the cases who were hospitalized with, and
because of, agranulocytosis.

As has been implied, in the selection of a hospital reference series for cases incident
outside of the registry, the need is 1o be able 1o defend the diagnostic inclusions, not
exclusions. The criteria for admissible diagnostic entities, given above, have to do with
diagnostic eutities as they represent the reason for eniry into the hospilal rather than
incidental conditions [9]. In order that such a condition (primary diagnosis) be, as a reason
for hospilalization, similar to the illness under study, it is commonly important to choose
diagnostic eatitics for which hospitalization is equally elective, or obligatory, as for the
illness under study. In respect to incidental (secondary) diagnoses, the admissibility

" (non-exclusion) criteria for the reference subjects and the cases must be the same, as these

series renresent, respectively, the study base itself and the cases that develop in it.

If the coses are identified from a registry of deaths, then the selection of reference
subjects must be guided by principles completely analogous to those guiding the sclection
of hospital reference subjects for cases identified from a hospital. The main principle is that
for the cascs (of death) so identified the corresponding secondary base is the catchment
population of the registry for those deaths—the experience of an out-of-registry, living
population. Thus, a proper sample of it is not, gensrally, deaths from all other causes
indiscriminately but, insofar as a registry series is to be used at all, deaths from causes
whose occursence is unrelated to the determinant under study {11).

Thus far, in the context of a secondary base, the focus has been on the selection of the
reference serics—on the prcmlsc that the case series is valid by definition. Tt is lmponani"“
1o note, houc\cr, “(RaT the feasibility of finding a proper base sample depends on how the
case series is defined, because the definition of the secondary base is inherent in case
selection. Consequently, the attainment of the cardinal condition of validity—coherence
of the numerator {case) and denominator (reference) series in terms of the population
Capvrenees Jup st anay e enltaneed By caren Gle ceilinuen ol e case series itselil
In particular, it is cornmonly helpful to restrict case (and, secondarily, reference subject)

“admissibility according to area of residence. The more the admissibility is restricted to the

vicinity of the source of cases (hospital, say), the more likely it is that the corresponding

“reference subjects, had they developed the illness under study, would have presented

themselves to the source, thus ensuring. at least, that they are members of the base
population. This, in turn, enhances the likelihood that the reference series is representative
of the base.

Whatever has been said here about representativeness refers to the distribution of the
determinant(s) conditional on subject characteristics controlled in the analysis of the study.
Thus, if the reference series is unrepresentative of the age—and xhcrcby determinan{—
distribution of the base at large (mercly by virtue of being a hospital series or as a result
of maiching by age), the imperatives of representativeness (concerning distribution of the
determinant in the base) may still be satisfied codditionally on age; and with age controlled
in the analysis, validity is maintained. The requirement of conditional validity here is
analogous to that of conditional snmplc random sampling in the context of stratificd
sampling.

The issue of validity in the sclection of subjects inlo a case-referent study is not simply
a matter of cohercrce between the numerator (casc) and denominator (reference) series as
to what they represent—as census and sample. respectively. To be coupled with the
imnerative of renrecentativenese of the came base i< that of comnarahilits: wneslated 14
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