Chapter 8

Incidence or
Co,hort Studies

Of the various types of observational epidemiologic studies, inci-
dence or cohort studies are generally thought to provide the most
definitive information about disease etiology. They do provide the

‘most direct measurement.of the risk of disease development. How-

ever, if ‘carried out prospectively, they can be expensive and time-
consuming, requiring a long-term commitment of funds and dedi-
cated personnel. Furthermore, as will be discussed, they are not free
of potential biases and other scientific problems.

How Incidence Studies Are Carried Out

Defining the Study Population Initially, a study population or
cohort .is identified. This population is to be followed up over a
period of time for the development of the disease(s) under investiga-
tion. The cohort chosen may be a rather general population group,
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such as the residents of a community, or a more specialized
population that can readily be studied such as an occupational
group or group of insured persons. Or, the cohort may be selected
because of a known exposure to a suspected etiologic factor such as
a source of ionizing radiation or a drug or pesticide. if exposure to
the suspected factor characterizes all or virtually all cohort mem-
bers, then a similar but unexposed cohort or some other standard of
comparison is required to evaluate the experience of the exposed
group.

The incidence study focuses on disease development. In order
for a disease to develop, it must, of course, be absent initially. Thus
the study population must be shown, in some way, to be free of the
disease, that is, to be a population at risk for disease development.
For a rare, rapidly fatal disease such as acute leukemia, a few cases
initially present in the population will probably be self-evident. Fora
more common disease such as coronary heart disease in middle-
aged men, an initial examination of the potential study population
may be required to find and exclude existing cases of disease. As
illustrated by the Evans County study (Chap. 6), this initial examina-
tion may be part of a prevalence study.

An initial examination may serve another important purpose. In
it, some or all of the potential etiologic factors and other pertinent
study variables may be measured. Nevertheless, some cohort studies
with certain specific objectives do not require an initial examination
since the data necessary to characterize the study subjects are
available from other sources.

Follow-up Once the population is initially defined and the
appropriate characteristics of its members have been assessed, the
population must be followed up for the development of the disease.
Follow-up procedures vary from study to study both in intensity and
completeness, depending on the disease manifestations to be mea-
sured.

Simple, relatively complete follow-up is available for life-
insurance-company investigations of factors affecting mortality. For
their purposes, death is the only end-point of importance, and it
must be reported to the company in order for the policy benefits to
be paid.
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On the other hand, follow-up to detect all new cases of coronary
heart disease or stroke may require several different procedures,

including periodic reexaminations, surveillance of deaths, hospital-

izations, and physicians’ office visits, and correspondence with
subjects who have moved from the area. However, limitations on
available resources may .dictate that only a portion of all possible
follow-up procedures be used, perhaps just hospitalizations and
deaths, for example. Even though incomplete, such partial follow-up
may be perfectly adequate for the purposes of the study.

' The duration of follow-up required is determined primarily by
the number of disease cases needed to provide reliable, statistically
significant answers to the specific questions under study. This can
usually be determined in advance, once the study population size
and the disease incidence rate is known. For example, if the study
population contains 1,000 persons and the incidence rate is 1
percent per year, about 10 new cases may be expected during each
year of follow-up. If 100 cases are needed to provide answers with a
certain degree of reliability, then the study may be expected to last
about 10 years. :

This example is somewhat oversimplified and does not take
into account such factors as a possible reduction over the years in
the number of new cases per year, due to losses of subjects to
follow-up,. or a possible increase in new cases per year as the
population ages, if the incidence increases with-age. Although it is
often most practical to keep follow-up as short as possible, a study
may be designed specifically with a long follow-up period in mind to
assess factors which cause or predict disease in the distant future.

During the follow-up period it may be possible to repeat the
initial measurements of population characteristics. In this way dis-
ease development may be studied in relation both to initial charac-

‘teristics and to changes in these characteristics. For example, it is
not only of interest to know whether serum cholesterol level is
related to subsequent coronary heart disease, but also whether a
rising level or a falling level adds additional predictive information.

There are other reasons for reassessing population characteris-
tics in the follow-up period. During a long-term study there may be
technological improvements in the measuring devices that were
used initially. Also, new scientific information about the disease may
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indicate the importance of measuring additional variables that were
not included at first.

Data Analysis As in a prevalence study, the population is
subdivided or classified according to the variables that are to be
related to the disease. The disease incidence rate is determined for
each subgroup, and the rates are compared to see whether the
presence or absence (or differences in level, if quantitative) of the
variable is related to subsequent disease development. If the study
population is a special cohort exposed to a suspected etiologic
factor, then its disease incidence is compared to that in a similar
nonexposed cohort or to that in the general population.

If all or virtually all study population members are followed up
for the same period of time, then a simple overall incidence rate can
be used. For example, if the period is uniformly 3 years, then the
3-year incidence rate may be computed for each subgroup. If there
are substantial differences among study subjects in length of fol-
low-up, these will have to be taken into account in the data analysis.
Follow-up durations may differ markedly when subjects are lost to
follow-up before the study is complete—if, for example, they move
out of the area or die. Also, some investigations require that new
subjects be added to the study population over a relatively long
period of time. As a result, if disease incidence is determined uptoa
specific point in time, subjects will have been followed up for
different durations from their time of entry into the study.

The standard method of handling variable follow-up periods
involves the use of ‘“person-years” of observation in the de-
nominator of the incidence rate (or person-months or person-days,
etc., if more appropriate or convenient). With this approach, each
subject contributes only as many years of observation to the popula-
tion at risk as he is actually observed; if he leaves after 1 year, he
contributes 1 person-year; if after 10, 10 person-years.

The assumption involved in adding all subjects’ person-years
into one denominator is that the disease risk remains relatively
constant over time. That is, the third year of observation, for
example, is not appreciably different as to disease risk from the first;
or, stated in another way, following up three persons for 1 year is
equivalent to following up one person for 3 years. The validity of this
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assumption for any particular study should be considered in evaluat-
ing the person-years approach. '

Another feature of the person-year method is that one person.

may contribute person years of observation to more than one
subgroup. Suppose, for example, that in a 5-year study, disease
incidence is determined for age-decade subgroups. A person enter-
ing the study population at age 48 will contribute two person-years
of observation to the 40-49-year-old subgroup and three person-
years of observation to the 50-59-year-old subgroup. This may aiso
happen with other measurements if they change over time. A person
may spend a few years in a particular quartile of serum cholesterol
and then shift to a higher or lower quartile.

Interpretation and Evaluation of Incidence Studies

The emphasis in incidence studies is on the prediction of disease
development. This type of investigation clearly demonstrates the
time sequence between the presence or absence of a factor and the
subsequent occurrence of the disease. However, even the prediction
of disease does not necessarily imply a cause and effect relationship,
as will be discussed in Chap. 11. Furthermore, as has been pointed
out, factors associated with a disease can be shown to precede and
thus predict the disease in prevalence and case-control studies as
well.

‘A problem that has been emphasized with prevalence and’

case-control studies is the likelihood of overrepresentation of cases
of long duration. This will not be a problem with incidence studies
having complete and comprehensive follow-up; the full spectrum of
the disease should be available for study.

Despite their good reputation, incidence studies can be subject
to important biases. We have mentioned how, in a prevalence or
case-control study, the presence or absence of disease may affect
the factor under investigation or the measurement of that factor,
using the example of cancer and its effects on one’s emotional state.
In a somewhat analogous fashion, the converse problem may be
present in an incidence study. That is, the presence or absence of a
study factor may affect the subsequent assessment of disease. This
may be especially prone to occur if the decision as to the presence
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or absence of disease is made by persons who.are aware of the
subject’s status with regard to the study factor.

In a stroke study, for example, it is clearly possible for knowl-
edge of a subject’s prior blood pressure to influence, consciously or
unconsciously, the decision as to whether or not a stroke has
occurred. If this happens, the study will have a built-in correlation
between blood pressure and stroke incidence. Similarly, if in astudy
of cancer, disease detection depends partly upon the initiative or
cooperation of the subjects in seeking an examination, those with a
family history of cancer or those who smoke might be especially

" motivated to have a checkup. This can resuit in bias or in a built-in

correlation of the disease with a family history of cancer or with
smoking. Thus, every effort should be made to ensure that disease
development is detected or decided upon independently of the
possible etiologic factors under investigation.

Incidence studies are also subject to possible biases due to loss
of study subjects. Such iosses may occur initially, if a portion of the
target study population does not participate, or later on as members
of the study population are lost to follow-up. Marked losses of either
type do not necessarily invalidate the study. However, the investi-
gators should consider whether the reasons for loss of subjects
might reasonably have affected the study outcome. Sometimes it is
possible to gather outside information concerning lost subjects,
particularly whether they left due to iliness or death or for any reason
that might be related to the variables and the disease under investi-
gation.

Example 1: The Framingham Study

Considering the barrage of information about ‘“coronary risk fac-
tors” to which. the public has been subjected, it may come as a
surprise to health-care personnel now in training that only a few
decades ago, atherosclerosis and its clinical consequences were
generally viewed by the medical profession as degenerative c_hanges
that were an inevitable consequence of aging. However, by the late
1940’s, descriptive epidemiologic findings and clinical observations
were beginning to convince public health authorities that environ-
mental factors might be playing an important role in the disease and
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tha_t, a.s a result, prevention was a rea possibility. Because of the
major importance of coronary heart disease as a causé of disability
and death in this country, the U.S. Public Health Service decided to
undertake a major long-term incidence study to better define the
factors producing this disease. '

When the Framingham Study began, around 1950, Framing-
ham, Massachusetts was a town of about 28,000 inhabitants. There
Vf/ere §evera| reasons for selecting this location for the study.At the
time, itwas a relatively self-contained community with both in-dustri-
al apd rural areas. In this and other ways it was not obviouslyr
atypical. There were sufficient numbers of residents in the desired
age range to provide an -adequate study group. There was evidence
both. from a successful previous study of tuberculosis in the com:'
munity, and from discussions with medical and lay residents, that
the.tc?wnspeople would be cooperative. The area of the town’ was
s.ufflc!eptly small that the residents could come to one central
exam'ln.mg facility. Follow-up of hospitalizations would be relatively

| €asy since most occurred at one central hospital in the town
(l:::;r;esrrporl'ae, Framingham was only 20 miles from major medicai

rs in Boston; th i ientifi i
be roadily maen: us, medical and scientific consultation would

The study was planned.to last for 20 years, in view of the slow
develc?pment of atherosclerosis and its conseque'nces. A long “in-
cubz.atron -period” is believed to characterize many of the chronic
non-lpfectlous diseases and argues for a Iong-térm study to identif
predisposing factors early in life. ’

The lower and upper age limits of the stud i
-a.t 30 and 60 years. It was felt that older person;l :::L:]ll:tt')zne‘:(v;ruedsezt
Since many of them already had extensive coronary -atherosclerosis
fanq-, as a result, to study them would reveal only immediate precip-
lta.tlng'.fa_ctors for clinical events. Persons under thirty were exclude’zi
" primarily because their incidence of coronary heart diseése would
be-very low and they were a more mobile; hard-to-follow group
in §electing the study sample, the goal was a group of ab.out
5,000, since this size sample ih the 30-60-year age range would
pro.duce adequate numbers of cases over the 20-year follow-u
" period. Knowing that there would be some non’résponse the investiFj
gators selected a larger systematic sample comprising t\;vo-third-s of

INCIDENCE OR COHORT STUDIES 111

the 10,000 residents of the appropriate’ ages. The list of town
residents was arranged according to precinct, and within each
precinct by family according to family-size groups {one member, two
members, three or more members, ages 30-60). Two out of every
three families were selected. Selection of families rather than in-
dividuals was a wise decision since (1) one member of a family in the
study’'s age range would not be denied an examination service
offered to another member of the same family, (2) many reluctant
men received examinations because of being ‘‘persuaded’ by their
more cooperative wives to go to the clinic at the same time, and (3)
studies of spouse pairs and familial aggregation of characteristics
would be fostered.

The 6,507 members of the sample were invited to participate in
the study by town residents who recruited subjects living in their
own neighborhoods. These recruiters were part of a group of
volunteers who were given a -cardiovascular examination at the
clinic before the study officially began. Having experienced the
examination that was to be given in the study, the volunteer
recruiters would be able to describe it to the invited subjects on the
basis of personal experience.

Despite this personal approach only 4,469, or about two-thirds
of the sample, participated. A group of 740 volunteers were added,
yielding a total of 5,209 subjects. The initial examination revealed
that 82 subjects already had clinically evident coronary heart dis-
ease. These were excluded from the population at risk, leaving a
total of 5,127. .

This study population has been offered a relatively complete
examination every 2 years since the study began. The examination
has included a medical history, physical examination, and pertinent
laboratory tests such as electrocardiogram, chest x-ray, and serum
lipid levels. It has been directed primarily at detecting the develop-
ment of coronary heart disease and other atherosclerotic conditions
such as stroke and peripheral vascular disease. Variables to be
related to disease development have also bean measured every 2
years. As new types of measurements have acquired importance in
this area of research, they have been added to the examination. Thus
the investigators have not been limited to the first examination as
their only source of information about possible etiologic variables.
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_sure, cigarette smoking, diabetes mellitus (or even milder degrees of

carbohydrate intolerance), obesity, low vital capacity, and certain
electrocardiographic abnormalities. Other risk factors that have
been emphasized more by other studies include certain psychoso-
cial factors, family history of coronary heart disease, and physical
inactivity.

The detailed information and large population available at
Framingham have permitted more intensive investigation of the
unique role of each risk factor. For example, it was found that
obesity is not related equally to all manifestations of coronary heart
disease. Although it does appear to predispose to angina pectoris
and to sudden unexpected death, it is not related to myocardial
infarction per se. Also, sufficient numbers of cases emerged to
permit the study of interrelationships of several risk factors. One
important finding was that persons with combinations of risk factors

(for example hypertensive male smokers with high serum lipid .

levels) are at especially high risk of developing coronary heart
disease. .

As the study population ages, more emphasis can be placed on
the diseases of the elderly such as stroke. Furthermore, the wide
scope of information collected in Framingham has permitted the
epidemiologic study of other nonatherosclerotic diseases as well,
for example, rheumatic heart disease, gout, and gallbladder disease.
In addition, several studies of epidemiologic methods have been
carried out there,

At present the major research efforts in the epidemiology of
coronary heart disease are being switched more and more from
observational studies, of which Framingham has been one of the
most important, to experimental trials attempting actually to lower
the risk of disease. The predictive value of serum lipids, blood
pressure, and cigarette smoking have been repeatedly demonstrat-
ed. Many feel that it is now necessary to prove that actively changing
these characteristics by diet, drugs, and other means will safely

lower risk and prevent or postpone atherosclerotic disease before

widespread measures are applied to the general public or to high-
risk individuals. Thus, at the time of this writing the National
Institutes of Health is initiating a large-scale Multiple Risk Factor
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cancers of various types include uranium miners, residents of
Hiroshima and Nagasaki who survived the atom bomb, patients
receiving radiation therapy for noncancerous conditions such as
enlargement of the thymus gland or ankylosing spondylitis, and
children exposed in utero to diagnostic x-rays of their mothers’
abdomen and pelvis.

Radiologists have also been studied for possible life-shortening
effects. Since the findings of some of the earlier studies of radiolo-
gists were inconclusive, either because of small numbers of subjects
or because of questionable comparison groups and measures of
outcome, Seltser and Sartwell (1965) undertook a study of all.
members of an organization of radiologists compared to members of
other medical specialty societies. ‘

The Radiological Society of North America was the radiologists’
organization studied. Founded in 1915, it existed during some of the
early years of radiology when many radiologists were much less
concerned and self-protective about radiation exposure than they
have been more recently. (Some of the old-time radiologists even
placed their own hand next to the patient routinely, so that its image
on the x-ray photograph would helpin judging the exposure time.) it
was hypothesized in advance that the radiologists were the high-
exposure, high-risk medical specialty group. The American College
of Physicians has been composed largely of internists and was
studied as a probable intermediate-risk group, since some physi-
cians in this group have fluoroscoped patients to aid in diagnosis.
The hypothesized /ow-risk specialty society was the American Aca-
demy of Ophthalmology and Otolaryngology, whose membership
would contain only a few persons exposed routinely to radiation.

This investigation is described here as an example of a retro-
spective cohort study, contrasting greatly with the Framingham
Study in scope and expense. In this study, ali the events to be
studied had already taken place and the required data were already
recorded.

Because the data were already recorded does not mean that
preparing them for analysis was an easy task. Several years of work
were required to extract the necessary information from the files of
the specialty societies and the American Medical Association’s
Directory Department. All specialists studied were traced from the
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time of joining their societies in or after 1915 until the end of 1958,
and the time and place of death for all deceased members were
noted. The cause of death was determined for over 99 percent of the
deceased subjects by obtaining death certificates or reviewing other
death records. The study was limited to men.

The end point of this study was, of course, mortality. The data
.were analyzed in terms of person-years of observation. Each physi-

cian was considered to have contributed one-half person-year of
observation during the year he joined—a convenient approximation
which represents the average—plus a full person-year for each
subsequent calendar year survived through 1958. Subjects dying

" before the end of 1958 were credited with one-half year during the
year they died, again a convenient approximation. Ali told, there
were 16,339 physician specialists studied, of whom 3,521 were
radiologists. Person-years of observation totaled 232,708, of which
the radiologists contributed 48,895,

Mortality rates were summarized for three age groups, 35-49
years, 50-64 years, and 65-79 years as well as for the total group.
Similarly, mortality experience was looked at in three separate time
periods, 1935-1944, 1945-1954, and 1955-1958.

As hypothesized, the death rate was highest among radiolo-
gists, intermediate in internists, and lowest in ophthalmologists and
otolaryngologists.  The differences were larger in-the earlier time
periods than in later ones and more apparent in older than in
younger men. In fact, after 1944, radiologists in the 35-49-year group
showed no increase in mortality over the other specialists of the
same age.

The authors interpreted these age and time relationships as
being consistent with a cumulative harmful effect of x-ray exposiire
becoming manifest in iater life, and a decreasing or disappearing
effect in more recent years due to improvements in equipment,
techniques, and safety measures.

It was of interest that the radiologists’ death rates were similar
to those of all U.S. white males. Since physicians are, on the average,
of higher socioeconomic status and probably receive better medical
care, they would be expected to show a lower mortality rate than all
males. This illustrates the importance of selecting appropriate com-
parison groups when special cohorts, such as radiologists or other

1.
|
|
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occupational -groups, are followed up. Comparison with all Tetr;
would have revealed no mortality difference. The more approp |ae
comparison, with other medical special_ists., did reveal a dlfferincrz‘a.|
Putting the age-specific death rates into one cross-séc 1057)
analysis of life expectancy starting at age 40.(see Chag. 5, ri)r.n“ar
was another way of looking at the data. Th\s revealed a sth ol
relationship to medical specialty. The mgdlan. age a'f gea1935— _
40-year-olds starting in the three succes§|ve time penc:\ ls 9o
1944, 1945-1954, and 1955-1958, respectwely, were radio ogl‘s —
71.4, 72.0, and 73.5 years; internist5-.—73.4, 74.8, and 76.0 ;girs,ezrs
otolaryngologists and ophthalmologlsts-—76.2,. 76.0, ar.|d . e); the.
Recognizing the limitations of death-certificate dlag:os eéical
investigators noted that the causes of death for eac_th Teason_
specialist group would probably have been recordgd wi asor
ably equal accuracy: They compared the rates for r_najor'caufser, s
as cardiovascular disease and cancer. The mortality rat.los (o] ; olt o
causes in radiologists as compared to ophthalmolc.w_gnst$1a2 e
laryngologists were relatively close to the overall ratio of 1.
deat'l].gc'a‘ukemia showed a higher mortalit-y ratio—2.5, based ?‘n 713
observed leukemia deaths in the radio\ognrsts as comparedl'to dt'tetr;e
expected if the eye and ear gr0up's‘rt1:]o:;t:ht¥ ;:ltjis; h:;i 2zf)e|re 0 Sdiés
i ists. This is consistent wi e re . : .
;?\(::\?v'i?\gl that radiation increases the risk of‘ developing Ieukedrr; :}[}1 I;
was pointed out, though, that the approximate 11 ex.ce:tssd eathe
from leukemia (19 observed minus 7.7 expected) const'l]t'u : de:th
small fraction of the 228 tqtal excess deaths. Thus, th_e. igher deatt
rate in radiologists appeared to be largely a nonspecific acros
boarcl’n”:\:i:isafi'ng the findings, the investigators considered. c.::t;ir
possible sources of the mortality diffterclenchs :enlwec;rt!igo :‘hzfsze:::d;ca;
lace of residence and initial seli- : _ .
:ggzi::fy Fc,m the basis of health. The additional.mformahon_ avlaaltlia\tltglle
- suggested that these factors did pot account for the t.rsnal eXy_
shorter life expectancy .of radiologists anq.that occupta}I _
posure to ionizing radiation was the most likely exl?lar_\a pn. were
The investigators' stressed, rightfully, th.at their findings 'm
enhanced by the fact that they had predicted the outcome
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advance. This deserves special emphasis because of the fact that
epidemiologists and other scientists can be trapped by the so-called

-post hoc, or after-the-fact, explanation. Given a set of findings or

measurements, the human mind is usually ingenious enough to
produce a reasonable theory or explanation as to why they occurred.
This is accomplished with special ease in fields like medicine or
psychology which deal with systems of great complexity. Quite

- plausible explanations can be brought forth to explain diametrically

opposite observations, and almost any result can be made to appear
consistent with someone’s pet theory. A much better test of a theory
is whether it will predict specific outcomes of a study in advance.
This is not meant to detract from the importance of exploring
data in order to develop new hypotheses or theories for further

-study. However, once such hypothéses are arrived at, they sooner or

later will have to be tested to see whether they predict study
outcomes.

Role of Incidence Studies

It should be blear from the description of the Framingham Study why
prospective incidence studies of general populations are infrequent-
ly carried out. They are difficult and expensive, and require the initial
willingness to make -a long-term commitment and the continuing
patience on the part of both the sponsoring agencies and the study
personnel. Yet the investment may well prove its worth in the depth
and variety of information that such a study can produce.

The need for either a long-term follow-up or a very large study
population or both, rests fundamentally on the fact that most
diseases studied in this manner have surprisingly low incidence

- rates. Coronary heart disease is the leading cause of death in the

United States, and coronary atherosclerosis is well known to be
common in middle-aged men at autopsy. Yet, the incidence of new
clinically identified cases of coronary heart disease in middle-aged

men is only about 1 percent per year. Similarly, although hyperten-.

sion is a highly prevalent condition in U.S. adults, many hyperten-
sives seem to have drifted gradually into their present state, making
it difficult both to define and to find new cases in‘a population for an
incidence study.
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Retrospective .incidence studies, of course, can be accom-
plished relatively quickly if suitable cohorts can be identified and if
adequate data about them are available; Yet many- diseases of

interest are so rare that case-control studies currently represent the -

only practical epidemiologic approach to studying them.

It now appears that technological changes will increase the
feasibility of cohort studies in the future. Storage of medical and
demographic information in computer data banks is becoming
an accepted approach to improving the efficiency and quality of
medical care. A by-product will be the increased availability of
information about a variety of cohorts that can be studied both
retrospectively and prospectively. On-going efforts in the area of
“record-linkage” (i.e., the combination of a variety of records about
each person, such as birth, physical examination, iliness, and death
records) will increase the number of different relationships that can
be studied—relationships between a variety of initial characteristics
and a variety of disease outcomes.
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Chapter 9

Experimental Studies

Experimental studies resemble incidence studies in that they require
follow-up of the subjects to determine outcome. However, the
essential distinguishing feature of experiments is that they invoive
some action or. manipulation or intervention on the part of the
investigators; that is, something is done to at least some of the study
subjects. This contrasts with incidence and other observational
studies, where the investigators take no action, but only observe.

Experiments are believed to be the best test of a cause-and--

effect relationship. Something is done to an experimental group and
the observed outcome is préesumed to be the effect of that action,
provided that the same outcome did not occur in an equivalent
control group that was not acted upon. A cause-and-effect relation-

" ship can also be demonstrated by removing or reducing the alleged
causal factor in the experimental group and showing a disap- -
pearance or reduction in the effect, while no change is observed in .

the control group.
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