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ABSTRACT

This document is an interim report summarizing Phase 1 of

a study designed to evaluate the feasibility of conducting
an epidemiologic investigation of the health effects of
exposure to low-level ionizing radiation. During Phase I

of the project, we identified 173 population groups worlde
wide with exposure to low-level radiation, Basic descrip-
tive information was collected on these candidate study
groups. Only a small percent (11%) of the groups identified
were rejected from further feasibility consideration in
Phase 1I. Groups were not suitable for study if either

they lacked personal identification information, or their
radiation exposure was outside of the limits of our opera~
tional definition of low-level. Also, if a candidate
populatisn was unique and composed of relatively few sub-
jectr, it was excluded from further evaluation because of
inadequate size, During Phase Il we will further investigate
the remaining 154 population groups to determine those

most likely to provide information on the health effects of
low~level radiation exposure from occupational, environe
mental, and medical sources,
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SUMMARY

This interim report summarizes Phase I of a study designed
to evaluate the feasibility of conducting an epidemiologic
investigation of the health effects of exposure to low-
level ionizing radiation. The two major aspects of

Phase I were: (1) evaluation of the strengths and limi~
tations of epidemiologic methods and (2) evaluation of
preblems specific to radiation health research, including
identification of potential population groups for study.

Five types of epidemiologic research designs were identi~

fied: cohort, case-control, nested, cross-sectional, and
ecological. The main emphasis in any study design for
non-experimental epidemiologic research is comparability

of subjects., The relative merits of different study

designs, therefore, depend largely on the nature of the

comparison groups and the quality of the data. Comparisons

are usually made between the health experience of two

groups (one group exposed to radiation and another group, }9)
not exposed), or between the exposure histories of two )
groups (cases and controls). The comparability of groups L °
can be affected by biases in selection and observation oY
of subjects, Furthermore, confounding (mixing of effects) Q° .
can bias the analysis of any epidemiologic study unless o ¢
proper precautions are taken both in study design and E ¥®

data analysis,

The guality of the data depends on adequate diagnostic
criteria, accurate and precise information on radiation
dose, dose rate and dose fractionation, a sufficient
interval between radiation exposure and potential develop-
ment of delayed health effects, and adequate measurement
of effect modifiers and confounding factc's  In addition
an epidemiologic study must include a large enovugn Lamber
of subjects to detect a health effect if there indeed is
one. This is especially important in the context of low-
level radiation because low levels of exposure generally
lead to a small increase in health effects. The study size
requirements for detecting such weak effects are extremely
large, Thus studies of insufficient size might not detect
a real health effect if it were small., Likewise, if a
strong health effect were detected in a small study it
would likely be incorrect, and might reflect errors in
study design rather than any specific health risk from
radiation.



For the purpose of cvaluating potential populations for study,
we adopted an cperational definition of low-level radiation
according to the guidelines for maximum permissible dose
equivalents for occupational exposure recommended by the
Hational Council on Rauiation Protection and Measurements in
1971, 1In fact, most occupational and environmental radiation
exposures fall far below the maximum pernissible limits.

We realize, however, that much can be learned from studying
populations that received as much as four or five times these
levels of exposure,

We assembled a list of 173 candidate study populations world=-
wide using three diffeorent approaches: survey of the litera-
ture, mail inquires to a vari~ty of individuals and groups
concerned with radiation protection, and review of on-going
federally supported research, Population groups with radi-
stion exposure from occupational, medical and environmental
sources were identified.

Four criteria were used in Phase I for preliminary evaluation
of the feasibility for epidemiologic study of each of the cand-
idate populations, The criteria concerned: (l) the existe-

ence or potential existence of personal data, (2) the like-
lihood that radiation exposure was within the operational
limits of low-level, yet also substantial enough to permit
detection by currently available methods of dosimetry, (3)

the estimated size of the population group, and (4) the

extent of potential confounding effects,

Candidate populations were excluded from further consider~
ation in Phase II if they failed to satisfy a most generous
interpretation of any one of these four criteria. Of the
173 candidate groups identified worldwide, 19 (1l%) were
excluded from follow=up duiiny the 60 days in Phase I,

During Phase II, we will conduct more intensive investigation
of several of the most promising candidate groups. For
occupational exposures, we will concentrate on medical radi-
ation workers (professional and para-professional) and work-
ers involved in all phases of the nuclear fuel cycle, in-
cluding miners and workers in fabrications and power plants,
with special attention to Three Mile Island. For environ-
mental exposures, we plan to investigate populations exposed
in areas with high natural radicactivity (sucn as the mon-
azite sands in Brazil where good dosimetry is available), 218
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well as areas with technologically-enhanced background, such
as residential areas near nuclear weapons and nuclear power
plants. Regular visitors to health spas such as Bad Gastein
in Austria alsc are recommended for follow=up in Phase 1I.

For medical exposures, the prenatal cffccts of maternal
irradiation and the possible health effects %o adults from
both diagnostic or therapeutic radiation merit further investe
igation. Those exposed tc fallout from nuclear testing

were considered for study: however, the methodologic problems
in dosimetry appeared to be overwhelming.

At the end of Phase Il we will recommend several options for
epidemiologic research., Study populations will be selected
to provide data to answer one or both of the following
gquestions:

(1) 1Is there any health effect from exposure to low-level
ionizing radiation?

(2) What is the shape of the dose~response curve for low-
level radiation?
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A STUDY TO DETERMINE THE FEASIBILITY OF CONDUCTING EPIDE-
MIOLOGIC INVESTIGATION OF THE HEALTH EFFECTS OF LOW-LEVEL

IONI2ING RADIATION

1. INTRODUCTION

This study was conducted under contract to the U.S.
Nuclear Regulatory Commission., The workscope was di~
vided into two phases: Phase I, a preliminary analysis,
and Phase 11, a detailed scientific consideration of
feasibility and cost based on field examination of rele-
vant population characteristics, Phase I was accomplished
in two months., Thirteen months remain for completion of

Phase 11,

Phase I was composed of four tasks: (1) identify various
methods of conducting epidemiologic research relevent to
the effects of low-level ionizing radiation, (2) provide

an evaluation of the strengths and limitations of epide-
miologic methods to estimate the risk of health effects
from exposure to low-level ionizing radiation in

excess of "normal" background levels, (3) assess the likeli~
hood that epidemiologic studies can distinguish incremental
radiation=induced health effects fiom conditions and
disorders normally occurring and identify population groups
that may be suitable for study (candidate study populations),
(4) determine which populations identified in Task J are
most suitable for epidemiologic studies of the health
affects of low-level ionizing radiation, Task 1l is
summarized in Chapter 2; Task 2 is summarized in Chapter 3.
rTask 3 is summarized in Chapters 4 and 5; Task ¢ can be
found in Chapter S, part C.

This docunent is an interim report summarizing Phase 1
research. A comprehensive list of cand.dai. poyu..ti 8
was developed. Furthermore, certain candidate populations
were excluded from Phase II follow-up if they failed to
meet any one of the basic feasibility criteria described

in Section V., A.,3,

11. THE NATURE OF EPIDEMIOLOGIC DATA

L3

Epidemiology is the discipline which studies the occurrence
of human illness; most epidemiologic inquiry calls for
fn,non-cxporimantal research designs. The main emphasis in
non-experimental epidemiologic research, as in experiments,
is on comparability of subjects. In an experimental study,
comparability is achieved without difficulty by selecting
homogeneous subjects and by randomly allocating subjects



to treatment groups. In non-experimental studies, .ompar-
ability is often more difficult to achieve. In an obser-
vational setting (non-experimental), randomization of
treatment or exposure is not possible., Epidemiologists,
therefore, must seek to exert as much control as possidle
over which data are collected and how the data are collected
and analyzed. Central to this control is making sure that
comparable methods were used in collecting data from the

two or more groups being compared,

STUDY DESIGN

Epidemiologic studies can be classified according to their
design and the timing of the initiation of the study., Five
types of study designs are reviewed: cohort, case-control,
nested, cross-sectional, and ecologic. The timing of the
ntudY can be either retrospective or prospective, However,
simply referring to a study as retrospective or prospec~
tive leads to confusion, especially in discusling retro-
spective cohort studies. Since retrospective and prospec-
tive are timing terms, they should not be used to designate

a basic type of study.

1. Cohort Studies

A cohort study begins with a group of people without
the disease under investigation. Its members are
classified according to their level of exposure;
then, after a certain period of time has elapsed,

the diseased people within each category are counted
and the rates of disease frequency are compared among
exposure categories, These are sometimes called
follow-up studies, The timing in a cohort astudy

can be retrospective, prospective, or mited ‘hyorid).

In a retrospective follow-up or reconstructed cohort
study, the members are identified from records made
sometime in the past, The period of follow-up has
already occurred and the resultant health experience
of the cohort can be evaluated at the time the study

is initiated., In a prospective follow-up study, the
study subjects do not have the disease under study at
the time the study is initiated., Their health exper~
ience is followed into the future., In a hybrid (mixed)
study, exposure occurred in the past and/or present and
health is monitored on into the future, Thus, the
total period of follow-up has not been completed when
a hybrid study is initiated.



There are several major differences between a oros-
pective cohort study and a retrospective cohort or
hybrid cohort study:

1. Retrospective and hybrid cohort gtudies tend to be
shorter in duration since all or part of the follow=
up period has already elapsed when the study begins.

2. in a retrospective cohort study, usually much less
detail on a subject's characteristics or exposures
is available. In a prospective cohort study, the
investigator can collect data on smoking, drinking,
diet, current health, etc., whereas in a
retrospective cohort study, the onl information
that is usually available is a rough idea of a
person's history (e.g., medical record) .,

3, In a frOlpocttvc cohort study, the investigator
usually compares disease rates between two Or
more groups (e.g., smoker versus non-smoker,
heavy drinker versus moderate drinker versus non-
drinker). 1In a retrospective cohort study, there
frequently is no formal comparison group. Instead,
mortality or marbidity rates for the exposed group
are compared to such rates for the general popu-
lation.

4. In prospective cohort studies, it is today's expo=
sures that are beinyg evaluated; in retrospective
cohort studies, the exposures of perhaps 130 to 50
years ago are being evaluated,

An important advantage of prospective follow=up studies
is that they afford the investigator more control over
+he data that is being cnllected. One can usually
closely evaluate the guality of the data as w~ell ay
specify the exact nature of the data being collected,
However, prospective studies are both more costly and
time=consuming than retrospective studies, They fre-
quently require many years for completion,

While there is no guestion that a prospective co-

hort study can provide more reliable data, the short-
comings of retrospective cohort studies do not render
them useless, Mortality rates for general populations
have been shown empirically to be useful bases of
comparison, Today's exposures frequently are similar
to yesterday's,



2. Case~Control Studies

Case-control studies are frequently called retro-
spective studies because one is Jooking backward from
disease to exposure, In fact, they are a type of
retrospective study., In a case-control study, the
investigator selects persons with the disease of
interect as "cases” and other persons as "controls."
Not infrequently more than one disease is of inter-
est 80 that there may be a number of different diseases
within the case group. The controls may be either
persons with other diseases or persons with no known
disease, 1In principle, cases are persons with a
specific disease and the controls are persons without
that disease, .

In general, case-control studies evaluate a number

of exposures in relation to one disease whereas cohort
studies evaluate a number »nf diseases in relation to
one exposure. A rule of thumb is that if the disease
has a long induction period and occurs infrequently,

a case~control study is more efficient because persons
with the disease can be sought out and selectively
enrolied., Likewise, if the exposure is rare, a cohort
study is more efficient because exposed persons can be
selectively identified. Case~-contro)l studies tend to
be done using hospital populations because that

is where persons with disexise are found,

™™o general types of control gjroups are used in
case~control studies: hospital controls and popu-
lation controls, As emphasized earlier, epidemiol~
ogists are always concerned wich comparability,
Hospital cases and controls are similar in that each
group consists of persons in the hospital. The type
of data available and tne niiieu the dsva gataeriug
process tend to be comparable for both groups. How=
ever, sometimes there is the concern that a disease
group is admitted to a hospital selectively, For
example, persons with cancer all tend to be hospital-
ized, while only certain persons with arthritis enter
the hospital. For a study of cancer patients, popula-
tion controls may be preferable since their demo-
graphic characteristics and day-to-day habits may be
more comparable to the cases, NeitheT type of control
group is inherently preferable to the other. The choice
of control group depends on the situation in a given
study.
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3, Nested Design

once a cohort has been identified and followed=-up,
either ret-ospectively or prospectively, it becomes
possible to conduct a case-control study within the
sohort, using information on all the cases that have
been assembled, Comparable controls are selected
from the pool of non-diseascd people in the cohort.
Controls may be selected by a representative sampling
procedure or they may be matched according to poten=
tial contounding factors., For example, if one wanted
to study the effect of low=level radiation on leukemia,
it might be desirable to select cases and controls
matched on age so that age differences would not
distort the case-controi cumparison.

The nested design can be a “ery cost-efficient means
of conducting an epidemiologic study because the sub-
jects have already been assembled for another study.
Thus, an investigator might conduct a cohort study of
nuclear power plant workers in order to evaluate the
occurrence of lung cancer, At the end of the follow=
up period, the investigator may find that he has
eollected information on an unusually large number of
cases of multiple myeloma., To determine whether
multiple myelomas are associated with radiation expo-
sure, the investigator might wish to conduct a special
case~control comparison (nested study).

. Cross-Sectional Studies

In a cross-sectional study, persons are selected
irrespective of their exposure or discase status,
exposure and disease are measured essentially at the
same point in time, Further, the time .eo¢g.x "€
between the onset of exposure and the onset of disease

cannot be inferred,

The data resulting from a cross-sectional study can be
treated in the same way as data from a cohort study or
case-control study., That is, disease rates can be compared
between exposed and non-exposed groups, or exposure
percentages can be compared between diseased and
non-diseased groups., In using data from a cross-
sectional study, however, it may be difficult to

determine whether the exposure led to the disease or

the discase led to the exposure.



The inability to cstablish the cxposure~disease time
sequence is the defining characteristic of a cross-
sectional study, This characteristic often makes

the interpretation of cross-sectional studies diffi-
cult. For example, suppose drug histories may be
obtained on all persons entering a hospital. Disease
is diagnosed at essentially the same time, In evale
vating the association between aspirin use and arthritis,
it should be straight-forward to establish that the
disease (arthritis) led to the exposure (aspirin),
However, consider diagnostic radiation and breast
cancer, It is thought by some that diagnostic x-rays
may lead to breast cancer., Persons with symptomatic
cancer may go for repeated diagnostic x-rays. Thus,
it would be difficult to establish the meaning of
cross-sectional data relating x-rays to the develop=-
ment of breast cancer, For this reason, crosse
sectional studies are relatively uncommon, In epide=
miology it is desirable to determine the time sequence
of the association being evaluated,

Althouah cross-sectional data contain no inherent
misinformation, data should be carefully evaluated to
dete.mine whether or not it is indeed cross-sectional.
I1f the time seguence between exposure and disease
cannot be determined, an extra degree of caution must
be maintained in interpreting any association or
non-association, The passage of time may be necessary
to enable the collection of data in a longitudinal
manner to supplement the results of a cross-sectional

study.

Feologic Studies

In cohort and case~control studies, tLis unit .
measurement is the individual. 7n ecologic studies,
the unit of measurement is the group. Groups are
classified according to their rate of exposure and
their rate of disease. An ecologic study is some-
times called a correlation study because the inves~
tigator usually correlates the exposure rates with
disease rates. For example, Frigerio (1) classified
the U,S. population according to altitude (as a proxy
measure for cosmic radiation) and corftelated these
exposure rates with general mortality rates and cancer-
specific mortality rates for various locations,



The major shortcoming of this type of retrospective
study is sometimes called the "ecologic fallacy,"
referring to the fact that a correlation of rates
does not ensure that the exposed people were actually
those who developed the disease., In the Frigerio
example, the mortality and morbidity experience that
was recorded might actually reflect the health exper-
ience of recent immigrants, Where these people were
diagnosed or where they died may have been different
from where they spent most of their lifetime,

Recause ecologic studies use the zroup as the unit of
measurement, they are not useful in instances where
confounding effects may be difficult to contral in

the analysis. When the effects are likely to be small,
as in the study of low-level radiaticn, substantial
confounding is more likely to be present, For regu=
latory purposes, it is essential to distinguish between
the effects of radiation and other carcincgenic

exposures,

MEASURES OF EFFECT

There are two types of effect measures: absolute measures
(differences in rates) and relative measures (ratios of
rates). Absolute measures are more revealing about the
public health consequences of a given characteristic or
exposure: relative risk estimates are more useful for
investigating the etiology of disease. For example,
consider smoking as a cause of disease., The relative
risk for lung cancer given smoking is approximately ten,
The reilative risk for coronary disease given smoking is
about two. However, the absolute effect is greater for
coronary disease than for lung cancer because the inci=
dence of coronary disease is greater, Thus nei. pevi .=
will die fror coronary disease due to smoking than from
lung cancer due to smoking.

Comparative rates used in absolute and relative measures
of effect are estimated according to the incidence or
prevalence of a disease or condition, Data on incidence
of disease and exposure come from cohort studies,
Exposure incidence rates also can be estimated from
case~-control studies,

Incidence measures the rate of development of new cases
of disease. Synonyms for incidence are incidence density
and the force of morbidity, Cases that were prevalent
(existing at the time the study began) would not be
included in determining incidence. 1In case-control com=

-7-



parisons exposure histories sihould not be compared
according to mean levels of exposure. This method was
nsed in early analyses of the Hanford data (2). The

uses of mean levels of exvosure distorted the information
bncause, while it appeared that excess disease occurred
among workers whose mean levels of exposure were low,

the excess cases actually occurred among a few workers
whose exposure levels were unusuvally high, Information
on the full range of exposures was lost by the use of

means.

Data from cross-sectional studies are used tu calculate
the prevalence rate of a disease or condition, The
prevalence rate is the number of cases divided by the
total size of the study population. Prevalence rates
reflect both incidence and duration of discase., Thus
the incidence rate may be low while the prevalence rate
is high if the disease is largely non-fatal and good
treatment is availavle,

THE ART OF COMPARISON

The choice of reference groups or comparison groups is
extremely important., The decision as to whether an
exposure or characteristic is a cause of Jdisease or a
correlate of disease depends on the comparison, Concep=
tually the comparison group should refer to the absence
of exposure, but this is not always meaningful, Consi-
der whether the Javanese diet leads to an increased rate
of stomach cancer, What should the comparison gqroup be ==
diet in the United States? Whereas dietary patterna in
the U.S8. may not lead to an increase in the rate of
stomach cancer, they may lead to an increased risk of
something else (coronary disease, for example).

The choice of a comparison group 18 especially important
in studying the health effects of radiation, One cannot
find a reference group that has zero exposure to ionizing
radiation because varying levels of background radiation
are present everywhere, 1\ reference group should be
selected to reflect levels of background radiation

that are similar to the study group.

Comparison groups can be selected from within a study
(internal controls), or the results can be standardized

to an external group, such as the U,S8, population in a
given year., The use of internal controls permits compar-
ison of disease rates according to different levels of
exposure, The utility of standardized rate ratios depends



111,

on the choice of the standard, When standard rates for
the U.S8. are compared with disease rates for occupational
cohorts, ine "healthy worker 2ffect" is usually evident,
That is, the werkers may appear to be experiencing less
disease than the standard population. This is due to the
fact that the reference group includes both sick and
healthy people whereas the study group (workers) includes
only pecple who are healthy enough to hold a job.

STRENGTHS AND LIMITATIONS OF EPIDEMIOLOGIC METHODS

The overwhelming limitation in any evaluation of the
health effects of low-level radiation on humans is the
possibility that the effect is weak. In order to detect
weak effects, very large numbers of persons must be
studied. Even then, it may be that weak effects simply
cannot be demonstrated.

There is the added problem in non-experimental studies
of disentangling any effect of low-level radiation from
those effects due to other factors. Even though an
association may be apparent between radiation exposure
and a given health effect, it is necessary to consider
alternative explanations, To the extent that data are
available, analyses can be done to assess the impact of
other factors. There are always additional factors that
may be associated with disease but on which ne information
is available. It becomes a matter of judgement whether
any association may be explained by these factors.

on the other hand, the basic streugth of epidemiologic
methods in the evaluation of the effects of low-level
radiation on humans is that information is being obtained
directly on people. There is no need to extraunlate

from animal models. Although this advantage canuot be
quantified, it is important,

The following section will describe some issues of compar-
ability which are central to the evaluation of epidemio=
logic research. The quality of the data will be considered
with special emphasis on dosimetry. Finally, the interpre-~
tation of epidemiologic data will be diicussed.

COMPARABILITY

1f non-comparable criteria are used to select entrants
into two groups of a study, the data cannot be used to
measure any postulated association between radiation expo=-



sure and disease because of selection bias, If data are
collected on two groups using non-comparable methods,

the data may contain incorrect information as to exposure
and disease because of observation bias. Selection bhias
and observation bias result because ¢f deficiencies in
study design and data collection, Although not always
preventable, these sources of bias should be considered
in the design of a study and efforts made to minimize
their effects.

1., Selection Bias

Selection vias occurs only in study design. For
it to occur, the discase must have taken place at the
time a person is enrolled into the study., Selection
bias cannot be controlled; it must be prevented.

Consider a study where a group of persons with disease
is identified and a second group of coOntrols is
selected (a case~control study)., Since at the time

of entrance into the study group the disease has
occurred, selection bias is possible. It results

from the selective admission of exposed persons into
the diseased group, It may also result from the
selective admission of exposed persons into the con=
trols, of non-exposed persons into the cases or of
non-exposed persons into the controls. The central
feratuvre is that different criteria relating to expo=
sure are used for entrance into each of the two groups,

An analogous situation exists when the initial study
groups are exposed and non-exposed persons (a cohort
study). Selection bias may occur only {n retrospective
cohort studies «- those whorc past records are ulod

to define the study group and ¢« sease .

occurred when individuals are entered into tho atudy.
Selection bias results if there is non-comparable
admission of diseased (or non-diseased) persons into
the exposed (or non-exposed) group. Note that there
must be a difference in the selection criteria between
the two groups in order for bias to result.

2. Observation Bias ¢

In cohort studies, observation bias results when
information or disease outcome is obtained in a non-
comparable manner from exposed and non-exposed groups.
In case~control studies, observation bias results
when information on exposure is obtainéd in a none
comparable manner from cases and controls,
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3.

An obvious way to prevent ohscrvation bias in a
cohort study is not to know the exposure status

of study individuals when information on disease .s
obtained, Any errors in measurement will be made
equally in members of the exposed and non-exposed
groups. Likewise, in a case-control study, no
observation bias is possible if neither the patient
nor the data collector know the diagnosis when infor~
mation on exposure is collected, This characteristic
of data collection is termed blindness,

Frequently, blindness is not possible in a case-
control study. The patient knows his diagnosis or

the interviewer knows which patients are cases and
which are controls. 7To minimize observation bias in
such a situatior, objectivity is sought in obtaining
information. Questions are asked which require
objective answers (closed-ended) rather than subjective
answers (open-ended). While this does not prevent
observation bias, it tends to minimize it,

Confounding

In contrast to selection and observation biases, con=-
founding is potentially present in all data, Usually
confounding can be removed by proper analytic teche
rigques,

In evaluating an association between one variable
(exposure) and a second (disease), confounding resulte
when there exists a third variable which is a cause

of the disease and also is associated with the expo-
sure, For example, cigarette smoking i{s a cause of
lung cancer. Alsc, many uranium miners smoke cicarettes.
Archer et al. (3) looked at the relationshiy he: '&€
uranium mining and lung cancer. An association was
seen in that the rate of lung cancer in miners was
higher than the rate in non=miners. However, the
relationship between mining and lung cancer was
confounded by cigarette smoking. When the subjects
were classified according to smoking, the association
between mining and development of lung cancer was
present in both groups, and the incidence of lung
cancer increased with increasing radiation exposure
among groups with similar smoking habits, Smokers,
however, appeared to have a shorter "induction=
latent® period for lung cancer than non-cigarette
smoking miners, Thus, in order for a third variable
to be confounding, it must be associated both with
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exporure and disease, 1f some variable is associated
with disease but not with exposure, or vice versa, it
cannot be confounding.

I1f there are characteristics of persons which are
associated with both radiation exposure and disease,
the data relatinyg exposure to disease may convey an
appearance of association because of confounding, or
a nixing of effects., Confounding is possible in all
studies. In experimental studies, such bias tends to
be minimized, but not necessarily controlled, because
of random assignment of vxposure., In non-experimental
studies, however it is never possible to know the
effects of confounding., All that is possible is to
collect information on knoewn or suspected confounding
factore in order to measure any bias introduced., Cone-
founding does not result from any error of the inves~
tigator.

In contrast to confounding, effect modification reflects
an inherent property of biology. A variable may be

an etfect modifier if the outcome (effect) varies
according to the variable (e.g., sex). A confounding
factor may or may not be an effect modifier. An
understanding of confounding and effect modification

is essential in the design and analysis of epidemiologic
studies,.

There are procedures designed to minimize confounding
both in the design of a study and during data analysis,
They include randomization, matching, and stratifi-
cation. When designing a =tudy, one can plan to
control for confounding by: (1) random allocation of
subjects to various mdes of intervention or to control
groups (applies primarily to experimental studies and
intervention triale), or (2) matcning subjecis
according to potential confounding variables, such as
age and sex. Matching can also be done during data
aralysis, although this method 1is generally less
efficient., One cannot be assured that suitable
matched controls will be available, post hoc; thus,
information may be lost by not using all the data in
the analysis, Stratification according to confounding
factors or standardization techniques can also be

used to contrel for confounding in thé analysis of
data.
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B. DATA QUALITY

In epidemiologic studies, the quality of data refers to
three types of data: measure of exposure (radiation),
measure of outcome (disease), and measure of confounding
factors. There is great va:tobilitx in the quality of
data on radiation. However, the value of all epidemio-
logic studies is limited by the power of a sample size
to test for an exposure effect and to precisely estimate
that effect.

In addition to adequaty sample size, the 1977 UNSCEAR
Report (4) lists several features that are important
in evaluating the quality of data in an epidemiologic
study. They are:

1) Adequate diagnostic criteria

2) Adegquate information on radiation dose,
dose rate, and dose fractionation *

3) Sufficient intervals between exposure and
potential cancer development

4) Suitable comparison groups

We would add to their list a fifth criterion:
§) Adequate measurement of effect modifiers
and potential confounding factors,

L Power and Study Size Estimation

The study sample size must be large enough to detect
an effect if there indeed is one. Power is the like=
lihood that the null hypothesis will be rejected if it
is false. The power of a given sample size should be
considered prior to boqinn?nq any epidemiolo~ic etndy.
Once the data have been collected, power is no 1. .y€C.
meaningful, Instead confidence limits should be
placed around the point estimate of effect to reflect
the precision of the estimate. As a general rule,
sample size is inversely proportional to the square

of the excess risk due to exposure., Thus, "if a
sample of 1,000 persons is necessary to determine the
effect of a 100 rad exposure, and if that effect is
proportional to dose, 100,000 persong are needed for a
10 rad exposure, and 10 million for 1 rad® (6). Tae
foilowing example presented by Dr. Charles Land
illustrates this point with reference to breast cancer:

* pose rate is the speed with which a given dose of radia-
rion is delivered., Dose fractionation is the process by
which a given dose is delivered in two or more fraction=-
ations (i.e., 10 rad delivered as 10 one-rad doses) (S).
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"Suppose tnat half of a sample of N women have received
a single mammographic examination resulting in one

rad average tissue dose to both breasts., Suppose the
exposed and non-exposed women are otherwise comparable
and suppose, for simplicity, that all were 35 years
old at the time of exposure, and that there are 20
years of follow-up information with respect to breast
cancer incidence for each womar, Ignoring the first
10 years as being too soon for any radiation-induced
breast cancers to appear, about 1,910 breast cancers
per million women per year would normally be expected
during the second 10 years, plus, in the exposed,
about 6 excess cancers per million per year, according
to t!: 1972 BEIR Report.

Figure 1 shows that a sample of nearly 100 million
women would be needed for statistical pover of even
50%, and that for a sample of 10 million women the
chances of obtaining a negative estimate are somewhat
higher (25%) than the 17% chance of obtaining a
statistically significant estimate at the 5% level,..

Obviously a sample of 10C million women would be
impractical. A case-control approach would require
about 2 million breast cancer cases and controls,
assuming egual proportions of exposed and non-exposed
wome  in the population, and this is also an imprac-
tical requirement. However, if the average breast
tissue doses were increased to 10 rad only 1 million
women would be required, or 20,000 cases and controls,
and at 100 rad only 10,000 women, or 200 cases and
controls, wnuld be needed."

There are ample statistical grounds for predicting

that the large sample size requirements of studies of
low=level radiaticn and breasgst cariler nay [ .iuue
definitive risk estimates from epidemiologic studies,
even if the risk of cancer preocves to be much greater

at low doses than current high dose extrapolations
predict. Examples of study size requirements and other
types of possible health risks are presented in

Section III. B. 1.

Although such studies cannot provide definitive results,
epidemiologic studies of the heaith effects of low=

level radiation in humans should be conducted. These
studies may be useful in describing the upper limits
for estimates of cancer risk at given doses. For

elde
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FI1GURE 1

10-Year Follow-uo of N/2 Nonexposed and N/2 Exposed Women
(1 Rad to Breast Tissue at Age 23, With l10-Year Latent Period)

Source: Land, Charles E.:"S5‘-ategies for Epidemiologic Research on the
Effects of Low-Leve:  Radiation," Presented at the Meeting
of the American Association for the Advancement of Science,
Houston, Texas, Jam >ry 3-8, 1979,



example, if one or more studies of adequate size
found no detectable risk of a carcinogenic effect
from exposure in the 30 to 50 rad range, then it
would be unlikely that a detectable risk exists at

lower doses.

Radiation Exposure and Absorbed Dose

The quality of data on the health effects of radiation
is limited by the accuracy of radiation exposure data
and absorbed dose., 7The unit associated with exposure

is the Roentgen (R). Absorbed dose refers to the
energy deposited per unit mass in some specific material
of interest. The absorhed dose, although harder to
measure, is probably a better indicator of the bio-
logical impact of radiation than exposure. The unit
used for absorbed dose is the rad,"

Exposure to internal emitters often is expressed by
the concentration of the radicactive material in the
source of the activity for some period of time. For
inhaled emitters this would be in units of cure
hours per liter of air. In the case of the airborne
emitter, radon, the unit of working level nth,
(WLM) is sometimes used, The working level is an
indication of the amount of alpha particle energy
available from radon and its radiocactive daughtzars
per liter of air. A working level month results from
being exposed to a working level for the period of a
working month (170 hours).

Since various radiations are differentially effective
(per rad) in causing biological effects, their equiva=~
lent doses, normalized to gamma rays, are given in

terms of dcse equivalent with the un.t rew. lhe

factor that describes the differential effectiveness

of various types of radiation is the relative biological
effectiveness (RBE)., As an example, for a particular
effect where the RBE for alpha particles is 10, an
absorbed dose of 1 rad of alpha particles is equivalent
to an absorbed dose of 10 rad of gamma rays.

As broadly used in radiation protection, the equiva=-
lent of RBE is called the quality facfor. Practical
quality factors are presented in Table 1.

* Defined in Glossary
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TABLE 1

Practical guality Factors

Radiation Type Rounded QF
X rays, gamma rays, electrons or 1
positrons, Energy >0.03 MeV

Electrons or positrons, Energy £0.03 MeV 1*
Neutrons, Energy 10 keV ; 3
Neutrons, Bnergy >10 keV 10
Protons 1=10%*
Alpha particles 1-20
Fission fragments, recoil nuclei 20

*In 1966 the ICRP recommended a value of 1.7 for the QF
of low energy electrcns or protons., We believe that a
rounded value of 1 is more commensurate with the accuracy
of our knowledge and the requirements of radiation pro-
tection. (In 1969 the ICRP amended its 1966 recommendations,
specifying that the QF should be taken as 1 for all g7 P"ej .4
and x radiations and for conversion electrons.) T

**Use the higher value for round-off or calculate by the
methods of ICRP Publication 4.

Source: National Council on Radiation Protection and Measure-
ments, Basic Radiation Protection Criteria, NCRP Rep=-
ort No. 39, 1971.
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Although the quality factor for any given raliation is
often considered to be constant for all tissues, all
dose rates, and all kinds of biological effects, the
RBE, in fact, may not be corstant (7,8,9,10). For

this reason, the use of dose equivalent must be treated
with caution since a particular quality factor may
underestimate or overestimat2 the true dose equivalent
by as much as an order of magnitude. The RBE for
cancer induction by neutrons can be estimated by
comparing cancer incidence from Hiroshima with that
from Nagasaki, since those irradiated at Hiroshima
received exposure from both neutrons and gamma rays
whereas those irradiated at Nagasaki primarily received
gawma rays., For both thyroid cancer and breast cancer,
the RBE values are one. In contrast, the RBE values
appear to be greater than unity by as much as orders

of magnitude for chronic granulocytic leukemia and

lung cancer (8),

It should be noted that the RBE may change with dose or
dose rate, owing to the diminished effectiveness of
gamma rays., Thus in going from a single dose of

10 rad to 1 rad of neutrons, the effect per unit dose
will remain constant, but the effect per unit dose of
gamma rays may fall, and the RBE will rise accordingly.
The higher RBE of neutrons at low dosage postulated by
some investigators, therefore, represents a diminished
hazard from gamma rays rather than a heightened one
from neutrons (9,10).

Measurements of radiation exposure and absorbed

dose are limited by the accuracy of current methods
of dosimetry in the low dose range, For measuring
external irradiation, film badges and thermolumin-
escent dosimeters (TLD) represent the state-of-the=-
art as currently used in occupat.ona: and medacal
settings. As packaged, the dosimeters measure expo-
sure to x-rays, gamma rays, and energetic beta part-
icles., These dosimeters do not accurately measure
total radiation dose because they do not measure dose
to any given organ, nor do they reflect what addi-
tional radiation dose might arise from inhaled or
ingested radicactivity. In the range below 0.2 rad
per year, readings from these dosimeters could differ
from the actual dose levels by 100%. Between 0.2 rad
to 1 rad per year, the uncertainty decreases to a
level of approximately 25% of the actual dose for
x~ray and gamma rays in an energy range from 15 to
660 keV (ll), If external exposure is complicated hy
the presence of beta radiation, then the uncertainty
increases.
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At doses above 1 rad per year, the uncertainty in dose
estimation is approximately 10%. These estimates
reflect the maximum accuracy of such exposure measure-
ments. In actual use, personnel dosimeters tend to

be directionally dependent and may be partially shielded
from the radiation source by the wearer, Further, they
measure the approximate dose to the surface of the skin,
rather than the dose to internal organs, For all of
these reasons, estimates of radiation dose from the
dosimeter readings will tend to be inaccurate.

For abscrbed dose due to internal exposures, film
badges and the like will not yield dose information.
Such data are obtained from either radio-analysis of
urine and fecal material (12) or whole body counting
(13,14). Such examinations are not routine, but
their potential importance should be evaluated.
whole body counters have been used to measure the
amount of an isotope in the body. The total dose

to the individual cin be estimated with this proce-
dure. Radio-analysis of waste material is more
difficult because of the large inter-person variation
in the rate that isotcopes are eliminated, There may
be some records of such bio-assays for individuals
with suspected internal exposure; estimating dose
from this information, however, is very difficult
because the accuracy of the estimate depends on what
is known about the retention and excretion of radio-
active material for the exposed individual.

Environmental measurements are often available for
airborne radiocactive concentrations and radiocactivity
in water. However, these measureflents by themselves
are not sufficient for describing population expo=
sure. To define radiation 4~se to populations from
these measurements would require knowledge of whese
individuals were in relation to measured radicactivity
and the amount of time they were exposed. These
considerations introduce & large uncertainty.

In the case of medical exposure, the dose per patient
can be estimated from the characteristics of the
machine, the exposure factors of a particular pro-
cedure, and the physical characteristics of the patients
(e.qg., distance from the skin to the organ of interest).
In general, radiologic practice complies with FDA
requlations, and hospitals have established procedures
for routine examinations. It is, therefore, possible

to estimate the radiologic dose for a given person
provided an accurate medical history can be obtained.
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An approximate dose can be cstimated based on the
assumption of a "typical procedure" carried out on
an "average patient.," However, doses from typical
procedures may vary by an order of magnitude from
one institution to another.

The sensitivity and accuracy of the dose measure-
ments in the low level range affect the fezsibility
of studying the health effects of low-level radia-
tion, 1If dosimetry is, in fact, a limiting factor in
the 0 to 1 rad range, then either more accurate
dosimeters should be incorporated in future studies
or efforts should be concentrated on the accurate
description of health effects in the 1 to 10 rad
range and even in the 10 to 50 rad range in order
to improve the accuracy of risk estimate extrapo=-
lation to the very low dose range.

Caution should be used in interpreting dosimet:iy.

The demonstration of a statistical) association between
radiation exposure and cancer or other disease does
not prove a causal relationship. The total environ-
ment must be examined in order to rule out the
presence of other noxious agents which may be asso-
ciated with radiation exposure.

INTERPRETATION OF EPIDEMIOLOGIC RESEARCH

The collection and analysis of epidemiologic data com=-
prise the science of epidemiology. Knowledge of these
metnods is necessary in order to conduct epidemiologic
research, Proficiency is gained primarily by practice.

The results of epidemiologic studies must be interpreted
by epidemiologists and non-epidemiologists alike.

It i necessary to view the results of 21y scainiafic
study, epidemiologic or otherwise, in the context of
other information. No one study is likely to provide a
definitive answer to some gquestion for all time. A
modicum of caution must always be maintained. In the
absence of a clear-cut interpretation of the data, action
should be prudent and err on the side of safety.

Perhaps the best way to evaluate whether an association
seen in an epidemicloygic study is spuridus is to replicate
the study in another group with a similar exposure.
Preferably, the replication should be done by another
investigator in a different setting. If the results

have general biologic plausibility and if similar asso-
ciations are seen in different studies of different

groups done by different investigators, then the belief
that the associations are causal is strengthened.
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Iv.

CAN CPIDEMIOLOGIC STUDIES DETECT THE HEALTH RISKS FROM
LO"=LEVEL IONIZING RADIATION?

mHE EPIDEMIOLOGY OF RADIATION=-INDUCED DISEASES IN THE
TOW-LEVEL RANGE

Probably the largest source of data on the health effects
of low-level radiation comes from the Life Span Study

of Japanese survivors of the atomic bombs (15)., Table

2 shows the observed and expected number of neoplasms by
site, listed separately for the two cities, Cxpected
numbers were derived from data on all deaths in Japan.
The sample of survivors froan Nagasaki, although smaller
in number, predominantly reflects the consequences of
exposure to gamma radiation. In Hiroshima, there was a
mixture of neutrons and gamma radiation, The estimates
presented in Table 2 differ dramatica.ly from health
risks evident from much higher doses of radiation, For
example, there was nc¢ detectable increase in leukemia or
cancer of the thyroid. Note that the low dose :isk
estimates for neoplasia presented here reflect direct
observation of low-dose radiation effects in humans.

More recently, Lyon et al, (16) reported an excess of
leukemia in children in Utah counties subjected to high
exposure from Nevada nuclear test fallout. However, it
has not heen possible to reconstruct the doses of radia-
tion, and the statistical validity of the conclusions
drawn has been guestioned (17).

The health effects observed among survivors of the atomic
homb and people exposed to fallout may not accurately
represent the extent of health effects that may occur to
Jecple exposed to ionizing radiation in a less dramatic
way. For occupational exposures, an excess of multiple
myeloma and cancer of the pancreas was noted in the study
population at the Hanford nuclear facility in Washington
State. However, no excess of leukemia was observed among
those workers. In an re-analysis of these data, Hutchison
et al. (18) noted in their review of Mancuso, Stewart, and
Kneale's work (2) that the statistically significant asso-
ciation for cases of pancreatic cancer hinged on 5 of the
32 exposed cases having accumulated dosés over 10 rad as
compared with 1.4 such cases expected; for multiple myeloma,
3 of 8 cases had accumulated doses over 10 rad as compared
with 0.4 expected. In neither case is there evidence of a
graded tumor response with increasing dose; instead, there
is simply an abrupt increase in the ratio of observed to
expected among those with doses exceeding 10 rad.
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TALLE 2
Observed and Expected Neoplasms by Site of Hiroshima and Nagasaki

Residents Exposed to 1-9 rad,

SITES

Leukemia

Thyroid

Female Breast

Trachea, Bronchus, Lung

Digestive Organe,
Peritonium

Stomach

Esophagus

Cervix Uteri, Uterus
Ovary, Tube, Ligament
Bladder, Urinary

Prostate

Reference: G.W, Beabe,

OBS.

1?7
22
49

318
197

66

1950-1974
HIROSHIMA
EXP. OIS/:x’
10.1 0.4
21.4 0.8
28.8 0.8
52.2 0.9
319.5 1.0
204.2 1.0
15.5 0.6
6C.9 1.1
6.9 0.4
16.2 0.6
1.1 0.6

H. Kato, and C.E. lLand:
of Atomic Bomb Survivors 1950-1974," Life Span Study Report
#8. Radiation Effects Research Foundation, Technical
Report RERF TR 1-77,
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OBS,
5
12
9
20

125

15

34
1

NAGASAK
EXP.
5.8
13.1
12.7
19.8

125.7

29.0
1.9
4.7

3!‘

oBs

"Mortality Experience

/EXP
0.9
0.9
0.7
1.0

1.0
1.0
0.6
1.2
0.7
0.6
0.9



Diagnostic medical x-rays of pregnant women have been
associated with increased incidence of childhood cancers
in the exposed offsoring (19,20,21), Also, exposure to
diagnostic radiation has been claimed to be the cause of
excess leukemia in adults, However, Dr. Bross' analysis
of the Tri-State Leukemia Study (22) has been strongly
criticized, Boice and Land (23) pointed out ‘hat the
nature of the case-control design makes it imposgible to
distinguish between past events that were causally related
to leukemia and events consequent to cthe disease, e.g.,
where x-ray exposures reported by subjects had been given
for early manifestation of diseare.

Low=level ionizing radiation also has been studied as a
possible cause of reproductive impairment, with decreased
birth weight, microencephaly, Down's syndrome and abnormal=-
itiea of the eye studied as possible consequences (24,25,
26,27). Temporary sterility in men has been noted

after single doses as low as 50 rem (28). However, no
studies to date show solid evidence for an association

of these types of health risks and low-level radiation.

The health effects of low=-level radiation exposure have
not been precisely determined, because of the difficulty
of identifying infrequent events that are not unique.
Detecting causal relationships is further complicated by
variation in background radiation. It has been estimated
that background radiation averages approximately 150 mrems

per year (29).

Most of what is known about the health effects of radiation
comes from studies of high levels of exposure. e

rclassical” studies in man have dealt with the survivors
of the atomic bomb explosicns in Japan. nopulations
exposed to fallcut from bomb (28..n¢g &l wi's “8FeL 4
Islands, and patients who have received diagnostic or
therapeutic radiation. Owing largely to the higher dose
ranges in these studies, reasonably consistent estimates
of increased risk have been obtained for leukemia and
cancers of thyroid, female breast, lung, and bone with
indications for increased risk of cancer in a variety of
other tissues as well.

In addition to cancer, ionizing radiation is known to
induce genetic 2ffects including specific locus mutations
and chromosomal abnormalities. From an operational

point of view, genetic effects fall into two categories:
germ line mutations that are induced in the parent and
whose phenotypic effects are seen in the progeny, and
somatic cell mutations that are induced ‘n an individual



and also observed in him, Specific locus mutations due
to irradiation have not been demonstrated in gerr cells
of man. Large doses, of course, induce chromosome break-
age and thus engender grossly abnormal germ cells that
lead to an increase in the abortion rate, especially
early in pregnancy. Accurate determination of the
abortion rate is so difficult that it would be imprac-
tical to use an increment in abortions as an indicator
of radiation damage at low level exposure. The bio-
chemical determination of specific locus mutations is a
possible line of study, owing to the development of
"production line" techniques for the separation of blocd
proteins,

Chromosomal abnormalities have been detected in the
lymphocytes of patients treated for cancer (30) and also
in groups who have been exposed to the atomic bomb and
examined more than 20 years later (31,32)., Most recently,
an increase has been reported in chromosomal aberrations
in the lymphocytes of nuclear shipyard workers exposed
almost exclusively to gamma rays in the range from below
1 rem to above 30 rems (33). These studies suggest that
such a cytogenetic indicator might provide new informa-
tion., The previous studies had indicated such a possi-
bility, but it was considered doubtful that the method
could be applied in the low level range of exposure at a
practical cost. The development of automated chromosome
counting and characterization methcds is under way,
however, and it is a possibility that in the near future
such methods might be available for use in epidemiologic

studies (34,35).

The traditional method used to estimate the risk to health
from low-level radiation is linear extrapolation from

human high dose range data. Some recent studies ¢laim to
have lirect effect estinates in the low-Jlose a. ge that

are much higher than those derived from extrapolation
(2,16,23,36). These recent claims, in turn, have been
seriously gquestioned (17,37). Public concern as to whether
the recent claims azre to be accepted or rejected may affect
the extent of what can be done in the future to study the
subject more definitively.

A detailed evaluation of the suitability of studying
various health consequences of low-levelrionizing radia-
tion will be conducted during Phase II of the project.
Both somatic and genetic effects will be considered.



QUESTIONS FOR EPIDEMIOLOGIC RESEARCIH

We recognize that the decision as to which populations
merit further study will be influenced by otlher factors
in addition to epidemiologic considerations. Therefore,
we intend to provide several study recommendations in our
final report. The populations selected for study should
provide suitable data to answer one or both of the
following gquestions:

(1) Is there any evidence of a health effect from
low=level radiation exposure?

(2) What is the shape of the dose-response curve
for low-level radiation?

It is of interest to note the diflerent requirements
necessary to answer these two questions. The first
question may be answered in the absence of specific
measurements of exposure. Even though data on health
effects could not be related to radiation dose, it is
important first to establish whether there is an increased
health risk from low-level radiation. This guestion,
although imprecise, is important in terms of public
health. Consider, for example, the regulatory agency

that must decide whether radiocactive waste disposal sites
pose a serious health risk to residents in the surrounding
areas. Although no data on population exposure may be
available, the guestion of possible risks to health still
must be evaluated.

Answers to the gquestion about the shape of the dose-~
response curve for low=level radiation depend largely
on dosimetry. If exposure to low=-level ionizing radia-
tion does pose a serious risk to health. **ap it would

be important to describe precisely the dose-response
relationship in order to help reguiatory agencies set
appropriate standards for permissible levels of exposure.

Both cohort and case-control studies might be appro-
priate research methods for the first research question.
The second question, however, would more likely be
addressed by case-control studies. Although the case-
control design has certain limitations, such studies are
relatively guick and inexpensive toO conduct.

EXAMPLES OF STUDY SIZE REQUIREMENTS

We have selected two examples to illustrate the study
size requirements to detect an incremental health effect
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due to low-level ionizing radiation., Study size require-~
ments for cohort studies of breast cancer were presented
in Section 11, B.,l. Below are estimates for study size
requirements for cohort studies and case-control studies
with different levels of power to detect a relatively
small excess risk for leukemia and for gross congenital
malformations. These computations were performed on a
programmable calcuiator according to the procedure des~
cribed in Rothman and Boice (38)., Relative risks (RR)

of 1.5 and 2 have been presented., Also note that an allo-
cation ratio of S5:1 was used in both examples. The
allocation ratio refers to the ratio of controls to

cases or unexposed subjects to exposed subjects, When caser
or exposed subjects are limited in number, the information
yield of a study can be improved by selecting multiple
controls for each case., The allocation ratio depends on
the cost and availabil.ty of controls or unexposed sub=-
jects, The allocation ratio of 5:1 presented in the
examples was an arbitrary selection.

The data presented in Figures 2 and 3 show power values
for a range of study sizes for cohort and case-control
studies of leukemia and diagnostic medical x-rays (both
dental and chest). The low power of even very large
cohort studies of such a rare disease makes this study
design undesirable, On the other hand, the study size
requirements for a case-control study are much more
within the realm of possibility.

Figures 4 and 5 show power and study size relationships
for cohort and case-control studies of gross congenital
malformation and maternal x-rays. The parameter, Py
(the proportion of unexposed children born with con-
genital malformations), was estimated from data recorded
»n birth and death certificates in New Ycr* ®furte,
exclusive of New York City (25). The term P; refers to
the proportion of exposed subjects who develop disease.
This estimate probably underestimated the prevalence of
congenital abnormalities by using only information on
gross abnormalities evident at birth,
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