ASSESSINGGAUSATION

In this final chapter we will look at how epidemiologists attempt to
establish causation, that is, to decide whether factor A can possibly be the
cause of disorder or state B. Perhaps the earliest rules for assessing causa-
tion were Koch'’s Postulates, which were set forth about a century ago for
determining whether an infectious agent is the cause of a disease:

1. Every diseased person (or animal) must have the organism;

2. Itmust be possible to isolate the organism and grow it in a pure culture;

3. A susceptible host, when inoculated with the organism, must develop
the disease; and :

4. The organism must be recoverable from the newly infected host.

While these could easily be applied to acute infectious diseases, there are
many situations in-which the rules do not apply. Sir Bradford Hill proposed a
variation of these criteria that covers a greater variety of situations, which

has been used with little modification ever since. These nine criteria, listed in

descending order of importance, are:

‘The strength of the association;

. The consistency of the association;

. Its specificity;

The temporal relationship;

The biologic gradient;

. Biologic plausibility;

Coherence;

. Evidence from experimentation; and
Analogy.

CONOUSWN =

We will use these criteria to examine one theory of the etiology of multiple
sclerosis (MS). Multiple sclerosis isin many ways an intriguing disease. One
of the most puzzling aspects is its geographic distribution; the prevalence
seems to be directly proportional to distance from the equator. The disorder
is far more common in the northem parts of North America and the
southern parts of Australia and New Zealand than it is in the tropics.
However, just to make things a bit more interesting, MS is quite rare in
Japan, a country at the same latitude as California.

A number of etiologic theories have been proposed that try to account for
this distribution of MS. These have ranged from a genetic predisposition to
the disorder, to dietary factors, to exposure, and to canine excrement. One

group of theories holds that MS is caused by a viral agent, possibly even a -
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~ slow virus (a class of viruses frequently invoked by researchers whenever

the relationship between exposure and outcome is not readily apparent). in
this chapter we will focus on one viral theory, exposure to the measles virus,
to see whether it is a plausible explanation.

31
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. THE CRITERIA

STRENGTH OF ASSOCIATION

This criterion holds that the stronger the association between the
supposed cause and the effect, the greater the chances are that a causal
relationship exists. In this example there should be a higher rate of multiple

" sclerosis among people who have been exposed to the measles virus than

among those who have not been exposed. Conversely, measles antibody
titers may be higher in MS patients than in people who do not have the

disease. . -

The data in this regard are tantalizing, but unfortunately they are also
inconclusive (this can cynically be called the “So what else is new?” effectin
epidemiology). Adams and Imagawa found that various measles antibody
titers were higher in MS patients than in normals. However, as canbe seenin
Table 4-1, the magnitude of the difference is not overly large in this study
or in later ones, although a trend is definitely present. Thus, on the basis of
this criterion, the case for causality is not ruled out, but does seem some-
what weak.

CONSISTENCY OF ASSOCIATION

The association between the suspected cause and the outcome should
be seen across numerous studies, ideally by different research teams, in
different settings, and under different circumstances. The larger the
number of studies that demonstrate such a relationship, the stronger the
-evidence. There have been about 35 such studies conducted since 1962,
and higher titers of measles antibodies were found in MS patients in all but
four of them. So this criterion would lend support to a causal hypothesis
involving exposure to measles. -

TABLE 4-1 Percent of Subjects Over or Under 32 on the Serum Dllution
Test for Measles Virus

MS Patienis Controls

< 32

Reciprocal of.
Serum Dilution’ .

-
| >32
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However, in and of itself consistency does not prove association, much
less causation. (Indeed, none of the criteria proves causation; they can only
be used either to strengthen or to weaken the case for it.) All of the studies
can suffer from the same types of bias, or the association can be in the
opposite direction. For example, anumber of studies showed :chat the'use of
conjugated estrogens was associated with a much higher risk of
endometrial carcinoma. However, Horwitz and Feinstein pointed out thatall
of the studies suffered from the same type of sampling bias: women were
identified on the basis of vaginal bleeding. Estrogens may cause bleeding,

‘which leads to an intensive work-up during which the canceris discovered. It

is possible (indeed, they found it probable) that endometn'al.cancer is
almost as prevalent in the general population, but women who did not take
estrogens didn’t have the symptom of vaginal bleeding, and so their cancer
was not detected (see the discussion on subject selection biases in Threats
to Validity). When the bias was eliminated, the odds ratio dropped from
11.98 to 1.7, or in essence from a twelvefold risk of developing cancer for
women who have used estrogens to less than a twofold risk.

SPECIFICITY OF ASSOCIATION

Ideally, the cause should lead to only one outcome, and tha.t outcome
should result from that single cause (Fig. 4-1). Unfortunately, life is rarely
this simple. Obviously not everyone who gets measles later dgvelops_ MS;
measles can lead to a host of other adverse outcomes (including sterility),
and it is quite possible that MS is multidetermined and has other causes
(e.g., genetic predisposition, exposure to other viruses). To use gnother
example, obesity increases the risk not only for stroke, butalso for diabetes;
however, both diabetes and stroke can arise from causes other than obesity.

Figure 4-1 ldeal specificity of association. ’
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When specificity does exist it can be a very powerful argument for
causality. For example, the annual rate of malignant mesothelioma is
extremely low, averaging fewer than thiee cases per million for males and
about 1.4 cases per million for females. The incidence of mesothelioma
among asbestos workers, however, is 100 to 200 times higher. It has also
been estimated that there was exposure to asbestos in at least 85 percent of
the mesothelioma cases; indeed, even this very high figure may be an

" underestimate, since families of asbestos workers are at risk through fibers
brought home on clothing. It would seem from this evidence that thereis a
high degree of specificity, because exposure to asbestos is found in nearly
all cases of mesothelioma.

Thus, if there is specificity of association, it strengthens the case for
causality. However, a lack of specificity does not necessarily weaken the
case.

TEMPORALITY OF ASSOCIATION

For factor A to cause outcome B, A must precede B (Fig. 4-2). That is,
the person must have been exposed to the putative cause before the onset
of the disorder. While this may appear so self-evident that it hardly bears
mentioning, it is indeed difficult to establish in many cases, especially for
chronic conditions with long latency periods. In the case of MS and measles
it is obvious that the clinical onset of measles precedes that of MS;
however, it would have to be shown that MS did not have a long, insidious
onset that may have begun before the person contracted measles.

To use a different example, a number of studies demonstrated thata low
serum cholesterol level was associated with a higher risk of cancer, which
led some to postulate that a low cholesterol level somehow results in
cancer. Recently, however, Dyer showed that the more likely explanation is
that undetected cancer leads to a lowering of the cholesterol level. Thus, the
purported “cause,” cholesterol level, may actually occur after what was
supposed to be the “effect,” cancer. '

One field particularly prone to problems in interpreting temporality is
psychiatry, especially with respect to those studies that try to uncover family
pattems that predispose people to major disorders. Since many problems
manifest themselves only when the patient is in his/her 20s or 30s, the vast

Figure 4-2 Temporality of association.
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majority of studies use either retrospective.case-serigs or case-control
designs. The assumption made is that any family dynamics uncovered were
present prior to the onset of the disorder. For example, the supp.osedl
etiology of early infantile autism was once thought to be the emotiona

coldness and withdrawal of the parents, and especially of the 'mother.
However, later studies indicated that these attributes were more likely the
parents’ reactionstoan unresponsive infant, rath(_erthap tr}e cause, thereby
supporting what parents have long maintained: insanity is inherited — we
get it from our children.

BIOLOGIC GRADIENT :
i i i i i that if more
The biologic gradient, or dose-response relationship, .sta.tes
exposure leoagds to more of the disease, the case for causality is strengthened.
This would imply that those who had more severe cases of measles shon.}ld
be more likely to develop MS, or to develop more serious :symgtoms garhgr
on. The evidence in this regard, however, is lacking. The biologic gradientis

seen most clearly with regard to toxins and carcinogens. Newhouse, for

i j _showed the
instance, cited data gathered by Merewethgr and Prince that s
relationship between length of employmentin the asbestos industry and the

~ incidence of fibrosis. The data look something like Figure 4-3. There

seems to be a definite trend, in that longer exposure toasbestosresultsina .
greater proportion of people who develop fibrosis.

100

50

Percent of Workers

5 5 10 15 20 25 30
Years of Employment

Figure 4-3 Length of employment in asbestos industry versus incidence of fibrosis.
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Forless obvious causal relationships there. may be an
agent belox.v which there are no adverse effects (zt least ig]:eu?t:a?f“a/et s
measure with our current technology), and a ceiling, whereby no fun;an
increase l.eads to a greater effect. Some people postulate this is the caer
\l;vnth ionizing .radlatlon; there is no increased risk for cancer if exposures'e
elow a certain threshold, whereas death is a certainty above an upper limilts

0

BIOLOGIC PLAUSIBILITY

If the association makes sense from the i i '
 set perspective of biology, there i
%Lrslem;)ug;lef;er %la'usnbxhtfy, if not probability, of a causalo?g{atioer::l'l\?;
, e etiology of MS s still unknown, there is evid '
related disorders that viral infections, and e all A
disorder ) specially measles, ca i
:etr;l]))fcllma‘hon in the cent.ral nervous system. For example, higr?::::lérs]
w?tH by titers are fO\_.an in the serum and cerebrospinal fluid of patients
relatisouns?l(i:;t(le: :ct‘::erosmg panencephalitis. This would indicate that a causal
n: e : s
el » n measles and MS is at least within the bounds of
However, a lack of plausibility may si i
yal bility y simply reflect our incompléte knowl-
:’c(lig: dof physxglogy and biclogy. Until recently no known ?nec?han?s‘:lln
e t(; ] ;ci) nzglt?cl)rl: :gysr:sycholzgical stress could result in a greater suscep-
‘ iseases and cancer. Only within the pastfew yearshas i
5:(:11 ?]howr;lthat stress may produce immune suppression b)),/ affecglig
une cell function. As was the case with the criterion of specificity,

plausibility stre ' j ibili
plausibi itt?, ngthens the hypothesis, but a lack of plausibility does not

COHERENCE

‘When discussing biologi ibili

A ) ogic plausibility, we noted that the absence

gﬁlﬁ;l{)ig}ecﬁagzlrzu_)n was not ngcessan'ly damning toagood theory(':it rc'r)lfa;

. ignorance. By the same token, th ] ,

- relationship should not conflict wi i e
[elationship should ict with what is generally known about the
pr,cf)’;; m?lptlg, t\f»\/g lr;:;etnt;onedmmat the prevalence of MS seemed to be

r ude, with some exceptions in Asia. H
geographic distribution of measles is, if i te to what e
would want; it is fnore common i : anthlng, P e oot

_ ; in the tropics than i

climates. Using the criterion of coh i e nomnsta ol

linllf{between [Jthe criterion of erence, this would argue against a causal

relotionship. Ithas been postlated hat sLbaue cases ars common below

e a0 of 15 yoacs e ed that subacute cases are common below

> tropics, and that this early infecti i
protection against later, more se;io 1€ is may o
v r ter, us oneés. This may b

b ; T y be taken as a

ple of Edington’s Theory: “The number of different hypotheser;

~ erected to explain a given biologi ! isi
Srected o explaina egd g iologic phenomenon is inversely proportional to
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EXPERIMENTAL EVIDENCE

In some cases there may be experimental evidence that can show a
causal relationship. This evidence can be of many types: “true” experiments
in the lab, randomized trials, animal models, experiments in nature, or
interventions in which some preventative action is taken.

An experiment in nature would exist if a place were found where MS had
been nonexistent until the society was introduced to the many benefits of
civilization, including measles. This may indeed have been the case in the
Faroe Islands. MS suddenly appeared in 1943, with 24 of 25 of the known
cases first appearing between then and 1960, which is consistent with a
mean age of onset of about 25 years. This “epidemic” coincided with the
invasion of Denmark by Germany in 1940, and the subsequent stationing of
about 800 British troops on the islands 4 days later. Although not conclu-
sive evidence in its own right, this naturalistic experiment strengthens the

case for MS being caused by some form of infectious agent.

Since an effective vaccine for measles was introduced to North America
in 1963, there has been a dramatic decline in the prevalence of subacute
sclerosing panencephalitis. If there is a causal relationship between
measles and MS, we should beginto seea similar drop in MS starting about
25 to 30 years later, or some time around 1990. This would be an example
of experimental evidence from an intervention. In this case, as in many
others, the treatment was not predicated on an assumed relationship
between the cause and effect; the aim of vaccination was simply to elimi-
nate measles, not MS. Any evidence of a reduction in the incidence of MS
would be a side benefit, probably unanticipated at the time the vaccination
program began.

Experimental evidence again strengthens (but does not necessarily
prove) causation. However, as with most of these criteria, its absence does
not weaken the case because itis often extremely difficult or unethicaltodo
the types of studies that would yield less equivocal results.

ANALOGY

The weakest form of evidence regarding causality is arguing from an
analogy. Returning again to the example of measles and subacute scleros-
ing panencephalitis, we can state that just as measles can cause one formof
demyelinating disorder, it is reasonable to expect that it can cause another.

In this regard analogy is very similar to biologic plausibility. For this
reason, some authors don't distinguish between the two and drop this last
category from the list of criteria for causality.

SUMMARY -

Even if a theory passes all these criteria with flying colors, it does not

- necessarily prove causation beyond any shadow of a doubt. However, the
more criteria that are met (especially the ones near the top of the list), the
more likely it is that the causal hypothesis is in the right ball park, given the
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current_state of our knowledge. Newer discoveries, however, may cause us
to modify or even discard our cause-effect theory, and to replace it with a
different one. Buck notes that we would prefer a new hypothesis to a
well-estaplished one only if it meets at least one of the following criteria:

. The new hypof';hesis makes more precise predictions than the old one;
. Morg observations are explainable with the new hypothesis;

. Previous observations are explained in more detail;

. -f‘:‘iIZd r.1ew hypothesis has passed tests that the older hypothesis has
. lt. suggests tests or makes predictions not made by the older hypothe-
sis; or

It t;aatse:lmiﬁed or connected phenomena not previously considered to be
re .

Thus any causal hypothesis should be seen as just that, a hypothesis that
:cc?junts for what we know now, but that may be modified or overturned at
ny time.

O U AW
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C.R.A.P. DETECTORS

C.R.A.P. DETECTOR iV-1

Question Ney used the statistic that the “rate of increase in child abuse
parallels the rate of increase in abortions” to argue against abortions.
Although he didn’t calculate it, the correlation between the number of
abortions and the number of cases of alleged physical ill treatment in
Ontario between 1971 and 1977 is 0.85. Does this high correlation support
Ney's case for a causal association?

Answer One of the cardinal rules of statistics is that you can't draw
causation from a correlation. In fact, we calculated that the correlation
between the number of child abuse cases and the number of high school
graduates during the same period is 0.86, and between cases of abuseand
the gross revenue of Canadian railroads is 0.92. Nobody would argue,
however, that the way to curb child abuse is to cut enrolment in high
schools, or to make the railroads lose money.

A nice demonstration that strong correlation does not necessarily imply
any meaningful relationship is shown in Figure 4-4, which plots the
number of wins in 1984 by teams in the American Football Conferenceasa
furiction of the number of letters in the team name. The correlation
between these two variables is 0.70, a figure high enough to cause most
researchers to have dreams of tenure. :
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Figure 4-4 Relationship between wins by football teams and number of letters in their names.
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C.R.A.P. DETECTOR IV-2

Question There has been concem expressed recently that the low rate of
infection from measles has caused parents to become complacent and not
have their children immunized. The fear is that there will be an outbreak of
measles, with the attending death rate that used to characterize the infec-
tion. Is this a concem? Was the vaccine responsible for the marked reduc-
tion in the case fatality rate from measles?

Answer Not according to McKeown. Figure 4-5, based on the graph in
his book, The Modern Rise of Population, shows that the decline in the
mortality rate from measles among children began long before the
Immunization program was initiated. This reflects the importance of

establishing a temporal relationship before anything can be said about a

causal one.
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Figure -5 Mortality rate trom measles over ti ' 1
population. London: Edward Arnold, 1976:96. é. Data from McKeown T. The modern rise of
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C.R.AA.P. DETECTOR IV-3

Question A group of researchers in England found that bus drivershad a
higher rate of coronary heart disease than did conductors. One hypothesis
put forward to explain this was that conductors had to run up and down
the stairs of the double-decker buses, whereas the drivers spent all day on
their (and the buses’) seats. Thus, it may be that a more sedentary job
increases the risk of heart disease. Is this a viable explanation for their
results?

Answer Only if all other differences between drivers and conductors are
ruled out. The same research group compared the body builds of the two
groups by doing an “epidemiologic survey” of their uniforms! As Figure
4-6 shows, a larger proportion of drivers than conductors had trouser
waists of 36 inches or more, irrespective of age. So it would appear that
there may have been constitutional differences between the groups from
the very beginning, which makes an interpretation based on other group
differences chancy at best. ‘

Percent of Men with Waist
5 Size 36 Inches or Greater

27 32 37 42 47 52 57 62
' Age

Figure 4-6 Waist size of conductors and drivers versus age.
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APPENDIX

A Brief Epidemish-English Dictionary

In the course of writing their reports and journal articles, researchers in
epidemiology often use words or phrases whose meanings are somewhat
obscure. To assist the reader in understanding these terms (and to provide
a little amusement), we provide herewith a brief dictionary.

To begin, we offer the definition of clinical epidemiology (itself an
obscure term), which is credited to Dr. Stephen Leader of the University of

Sydney: )

“Clinical epidemiology is that branch of alchemy whose goal it is to

turn bulls-t into airline tickets.”
And now to the dictionary:

When The Researcher Séys
A trend was noted.
The demographic- characteristics

of the nonresponders were similar
to those of the rest of the sample.

| Agreement between the raters was

acceptable.

The questionnaire was circulated
to a panel of experts to establish
face validity.

The rate of lung cancer among the
hourly rate employees was sig-
nificantly higher, which may be
caused by excess PBCP exposure.

In a case series of 12 patients nine
showed clinically significant im-
provement on the experimental
drug.

The correlation was highly sig-
nificant (p < 0.0001).

He/She Really Means

The statistical test was not
significant. :

All we really had on them was age
and sex.

The agreement was so bad that we
don't dare to include the actual
number in the paper.

Qurfriends likedit...and the bottle .

of scotch we included.

It might also be caused by.obvious
things like smoking and social
class, but I'm interested in PBCPs
today.

_ With the help of the drug company

representative, |1 judged which
patients got better under my care.

With 10,000 subjects, any correla-
tion is highly significant.

117
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The response rate was 60 percent, '

which is acceptable for studies of
this type. g

Although there was no overall dif-

ference in mortality, the rate of left
clavicular cancer was higher in
blue-eyed females in the exposed

group.

While the results appear to be con-
sistent with the predictions, further
research is warranted.

Furthér research is required to
clarify the results.

The difference was statistically sig-
nificant (p < 0.0001).

The study was a single-blind trial.

A retrospective' study was con-
ducted.

'Morbidityand mortality from Blum:-
Streinorman’s disease represents
a significant burden on society.

"The overall agreement was 87 per-

cent, which represents a truly
remarkable rate of agreement
(Kappa = 0.12).

Based on current trends, the inci-
dence of self-pollution in the year
2000 will be... -

It is widely known that...

A one+tailed test was used.

However, the study itself was so
bad that even a 100 percent re-
sponse rate wouldn't have saved it.

‘f you look at enough things,
sooner or.later one of them is
bound to turn out to be signifi-
cantly different.

I've already applied for a new grant
this year.

_Thaven't a clue what it all means.

...but clinically useless.

Everybody knew who was getting
what except for the poor patient.

We had all these data sitting
around, and needed some fast
publications.

It's my own narrow interest, but |
have to justify the research
somehow. '

Chance corrected agreement was
so abysmal that we thought we
had better talk about raw
agreement.

Draw a straight line through the
data from one hospital in 1970
and 1980 and that's what we got.

| can’t be bothered to look up the
reference.

The results wouldn't be significant
with a two-tailed test.

Aftér adjusting for baseline differ-
ences between the groups...

After adjusting for confounders. ..

One possible explanation for these

resultsis...

Forty patients agreed to participate.

After conducting a pilot study,
we decided to use a mailed

questionnaire.

After conducting a pilot study, we
decided to use facetoface inter-

views.

The data were normalized by trun-
cating outliers.

We did not include premorbid
status and number pf previous
hospitalizations in the model.

‘The agreement between raters was
excellent
good
acceptable
low

Data was analyzed using the
Schmedlap-Scheisskopf test.

» >
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We did a lousy job of randomizing.

Boy, did these groups differ!

1 can only think of one.

The others were able to pay their
hospital bills.

We got tired of people slamming
the phone in our ear.

They wouldn't return the mailed
questionnaires either.

We couldn't get the result§ we
wanted, so we threw out subjegts
until we got what we were looking
for.

We forgot to gather these data.

good

fair
nonexistent
negative

We tried the usual tests 'but they
didn't give significant results.
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of mortality rate, 69, 70
of prevalence, 68
Applications of epidemiology
-in clinical decision making, 5
current, 7-12, 79
historical, 2, 79, 88
trends in, 6, 78-79, 88
Appraisal, critical, in clinical
epidemiology, 5

Army studies, healthy worker bias in,

34
Arthritis
association measures in, 90, 91-92
prevalence, incidence and duration
of, 68
quality of life measures in, 95
Asbestos exposure and cancer
dose-response relationship in, 107
specificity of relationship in, 106
Association between variables
attributable risk in, 77
in causal relationship, 102-116.
See also Causal relationship

in confounding, 38-39, 71, 74
and correlations, 98. 111
intraclass. 91-92
of Pearson, 89-90, 91, 92
in ecologic studies, 43-44
etiologic fraction in, 76
measurement of, 60, 65
with categorical variables, 75-78
with continuous variables, 88-92
relative odds in, 77-78
relative risk in, 75~76, 77
Attention control groups, 37-38
Attributable risk, 77
Autism and family dynamics,
temporality of association in, 107
Availability bias, 96

B

Batting averages, regression toward
the mean effect in, 55~56
Bayes’' theorem, 84 )
Berkson's bias in subject selection,
35-36
Bias, 24, 27, 33-~37
compared to random error, 96
in measurement, 95-97
diagnostic suspicion, 38, 96-97
social desirability. 97
in subject selection, 24, 27, 33-37,
98
in acceptance, 33, 36-37
Berkson'’s, 35~36
and consistency of causal
relationship, 105
in haphazard sampling, 27. 33
of healthy workers, 33-34
incidence-prevalence or Neyman,
34, 53
invitational,. 33-36
in random sampling, 24
of volunteers, 36-37, 98
Bifocal use and enuresis, confounding
in study of, 38-39, 40
Biologic gradient in causal
relationship, 102, 107-108
Biologic plausibility of causal
relationship, 102, 108
Bleeding, vaginal, and endometrial
cancer, bias in study of, 35-36,
105
Blind studies, 37-38
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Block randomization, in allocation of -
subjects, 29-30
Blood pressure measurements,
validity of, 94
Breast cancer
assessment of treatment
effectiveness in, 9-10
fat intake and mortality rate in, 3
Bus drivers, waist size and heart
disease of, 113

C

Cancer, 60
assessment of treatment
effectiveness in, 9-10
association measures in, 75, 77-78
dose-response relationship in,
107. 108
specificity of, 106
temporality of, 106
bias in study of, 35-36, 105
ecologic studies on, 3, 43, 48
fallacy in. 43, 98
frequency measures on, 65, 66—69
impact measures on, 65, 69-74
mortality rates in, 3, 8, 65, 69-74
relative odds in, 77-78
retrospective studies on, 69-70, 74
Career in epidemiology, 1. 6, 79
Case-control studies, 50
relative odds in, 77-78
Case fatality rate, 69
Categorical variables, 64, 65-87
in association measures, 75-78
compared to continuous variables,
64
in diagnostic tests, 78-87
in frequency measures, 65—-69
in impact measures, 69-74
nominal, 64
ordinal, 64
Causal relationship, 4, 7, 60, 65
102-116
in analogy, 102, 109 .
and attributable risk, 77
biologic gradient in, 102, 107108
coherence of, 102, 108
cohort effect in study of, 43
compared to correlation, 98, 111
consistency of association in, 102,
104-105
C.R.A.P. detectors on, 111-113
and etiologic fraction, 76
experimental evidence of, 102, 109
identification of, in new syndrome, 7
plausibility of, 102, 108

and relative odds, 77-78

and relative risk, 75-76, 77
retrospective studies on, 19, 107
specificity of association in, 102,

105~106

strength of association in, 75, 102,
104

subject selection bias in study of,
105

temporality of association in, 4, 102,

106~107, 112~
Chance agreement, correction for,
with Cohen’'s Kappa, 86-87
Child abuse cases. correlation with
abortion rate, 111
Cholera epidemics, historical
applications of epldemlology in,
2,6
Cholesterol serum measurements
and cancer, temporality of
associaton in, 106
and heart disease, association
measures in, 75, 76, 77
regression toward the mean effect
in, 56
Cholestyramine in heart disease
prevention, association measures
on, 75, 76, 77

" Chronic disease

impact measures in, 69
quality of life measures in, 88
- treatment effectiveness measures in,
88-89
trend toward, 6, 78
Classical epidemiology, 1. 2-5
historical applications of, 2
variables in, 3-5
Clinical epidemiology, 1, 5
in assessment of treatment
effectiveness, 9
critical appraisal in, 5
Cluster sampling. 26
Cohen'’s Kappa, 86-87
Coherence of causal relationship, 102,
108
Cohort studies, 23, 49
validity of, 43
Cointervention, as threat to validity, 41
Comparison groups. See Control
groups
Compliance rate in treatment,
volunteer bias affecting, 36-37
Concurrent control groups, 20
Concurrent validity, 94 :
Confounding, as threat to validity,
38-39, 40
of mortality rates, 71, 74

Consistency of causal relationship.
102, 104-105
subject selection bias affecting, 105
Construct validity, 95. 99
Contamination of study, 40-41
Content validity, 94, 99
Continuous variables, 64, 88-97
in association measures, 88-92
bias in measurements with, 95-97
compared to categorical variables.
64
interval, 64
ratio, 64
reliability of measurements with,
89, 93
validity of measurements with, 89,
93-95
Control groups, 1, 20-21
in blind studies, 37-38
concurrent, 20
contamination of, 40-41
counteracting Hawthorne effect, 37
historical, 20-21, 74
matched to experimental groups, 32
in randomized controlled trials,
9-10, 51
studies not requiring, 21
Controlled trials, randomized, 9-10, 51
Correlations
and causation, 98, 111
intraclass, 91-92 o
product-moment, of Pearson, 89-90,
91,92
C.R.A.P. detectors
on causal relationships, 111-113
on measurements, 98~99
on research methodology, 53~56
Criterion validity, 94-95, 99
Critical appraisal, in clinical
epidemiology, 5
Cross-over design of experimental
studies, 52
Cross-sectional surveys, 47
Current applications of epiderhiology.
712,78, 79

D

Data gathering, direction of, 19-20

Death. See Mortality rate

Decision making in patient care,
clinical epidemiology in, 5

Definitions, 1-5

in Epidemish-English dictionary,
117-119

Dental caries and fluoride rinsing

programs, time variable in, 4
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i
Dependent variables
in experimental studies, 17
measurement of, 62
Depression
agreement by chance of tests in
prediction of, 87
validity of new measures on, 94-95
Descriptive epidemiology, 1, 2-5, 45,
47-50
Diagnostic suspicion bias, 38, 96-97
Diagnostic tests, 78-87. See also
Tests
Dictionary, Epidemish-English.
117-119
Diet and cancer, ecologic studies on,
3, 48
Directionality of events. prospective
studies on, 19
Disease. See also Cancer
case fatality rate in, 69
causal relationships in, 7, 102-103
chronic. See Chronic
current applications of epldemlology
in, 7-10, 79
diagnostic suspicion bias in, 38,
96-97
diagnostic tests in, 78-87
duration of, 68
frequency measures of, 65-69’
historical applications of
epidemiology in, 2, 79, 88
incidence of, 67, 68
influence of age on, 72
prevalence of, 67-68
and predictive value of diagnostic
tests, 82-83
trends in applications of
epidemiology in, 6, 78-79, 88
Dose-response relationship in
assessment of causation, 107-108
Drug trials, 6
association measures in, 75, 76, 77
choice of variables in, 62
cointervention in, 41
contamination of, 40
control groups in, 37
cross-over design of, 52
measurement bias in, 96
volunteer bias in, 36-37
Duration of disease, and relationship
with incidence and prevalence, 68

E

Ecologic studies, 3, 48
validity of, 43-44, 55, 98
Economics of health care, 12
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in health insurance coverage, 10-12
ELISA (enzyme linked
immunosorbent assay) test in
AIDS, 79, 80
predictive value of, 81, 82-83
Employment in_epidemiology, 1, 6, 79
 Endometrial cancer and vaginal
bleeding, bias in study of, 35-36,
105
Enuresis and bifocal use, confounding
in study of, 38-39, 40
Epidemics, historical applications of
epidemiology in, 2, 6, 79, 88
Epidemiology, definition of, 1
Epidemish-English dictionary, 117-119
Errors
in probability sampling, 23
random, compared to bias, 96
and regression toward the mean
phenomenon; 41~42, 56
Erythrocyte sedimentation rate and
rheumatoid arthritis, Pearson
correlation in, 90
Esophageal cancer and diet,
ecologic study on, 48
Ethical issues
in choice of variable for
measurement, 62
in subject selection, 36
Etiologic fraction, 76
Experimental studies, 17, 45, 51-52
blinding in, 37-38 :
on causal relationship, 102, 109
cointervention affecting, 41
contamination of, 40-41
crosgover design of, 52
independent and dependent
variables in, 17
matching of variables in, 32
nonrandom allocation of subjects
in, 31-32 ’
random allocation of subjects in,
9-10, 28-31, 51
random selection of subjects in, 24
F
Face validity, 94, 99
Family
relationships in and psychiatric
disorders, temporality of
association in, 107
as unit of randomization in cluster
sampling, 26
Fat in diet mortality rate in cancer,
agsociation of, 3
Fluoride rinsing programs and
dental caries, time variable in, 4

Football teams, number of letters in
names correlated with number of
wins, 111

Formaldehyde exposure, health risk
of, 8

diagnostic suspicion bias on, 97

ecologic studies on, 98

sensitivity. of measures on, 62-63
Fraction, etiologic, 76
Frequency measures, 65-69

case fatality rate in, 69

incidence in, 67, 68

prevalence in, 67-68

G

Generalization of results, in probability
sampling, 23
- Geographic variables, 3
in ecologic studies, 43~44, 48, 55
Gold standard of measurements, 79,
80, 81, 83, 86
as measure of validity, 94

H

Haphazard allocation of subjects,
31-32
Haphazard selection of subjects,
26-27
bias in, 27, 33
Harmful exposures, risks of, 7-8, 16,
65. See also Risks, of harmful
exposures
Hawthorne effect, 37
Headache pain relief. placebo effect
in, 38
Health care services
. cluster sampling in study of, 26
identification of needs and trends
in utilization of, 10-12
Health economics, 10-12
Health insurance coverage, and
utilization of health care
services, 10-12- .
Health risks of harmful exposures,
7-8, 16, 65. See also Risks, of
harmful exposures
Healthy worker bias
in allocation of subjects, 31
in selection of subjects, 33-34
Heart disease studies

. association of variables in, 75, 76,-

77
temporality of, 113
ecologic fallacy in, 55
Historical applications of epidemiology,
2,79, 88 .

Historical applications of epidemiology.
2,79, 88
Historical control groups, 20-21, 74
Homosexuality
and AIDS, 79, 80
sampling error in study on, 53
Hospitalization rate
bias in study of, 35-36
multiple observations of, 18
Households, as unit of randomization
in cluster sampling, 26

llliteracy rate, ecologic fallacy in study
on, 43-44

Immunization programs, and mortality
rate in measles, 112

Immunodeficiency syndrome,
acquired. See AIDS

Impact measures, 65, 69~74

mortality rate in, 65, 69-74
Incidence
annual, 67
and attributable risk, 77
- definition of, 67
relationship to prevalence, 68
in subject selection bias, 34, 53
and relative risk, 75-76

Incidence-prevalence bias, 34, 53

Independent variables of experimental
studies, 17

Insurance coverage, and utilization of
health care services, 10~12

Intelligence, cohort effect in study on,
43 .

Interobserver reliability, 93

Interval variables, 64

Intraclass correlation in association
measures, 91-92

Invitational bias in subject selection,
33-36

Joint involvement in arthritis,
agreement and association of
raters on, 91-92

K
Kappa. Cohen’s, 86-87

L

Life expectancy trends, and mortality
rates, 71

Literacy rate, ecologic fallacy in study
on, 43-44
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Logistical factors
in choice of variable for
measurement, 62
in subject selection, 24
Lung cancer
ecologic fallacy in study on. 43, 98
relative odds in, 77-78

M

Matching of experimental and control
groups, 32

" Measles

immunization programs and
mortality rate in, 112
" and multiple sclerosis. See Multiple
sclerosis and measles
Measurement, 60—101
with categorical variables, 64, 65-87
choice of variables in, 61-63
with continuous variables, 64, 88-97
C.R.A.P. detectors on, 98-99
types of variables in, 64
Medicaid coverage, and utilization of
health care services, 11
Mesothelioma in asbestos exposure,
specificity of association in, 106
Minimization, in allocation of
subjects, 31
Mortality rate, 65, 69-74
age-specific, 71-72
annual, 69, 70
and attributable risk, 77
“and case fatality rate, 69
during strike by doctors, 12
. and etiologic fraction, 76
geographic differences in, 3
in harmful exposures, 8, 70-71, 74
healthy worker bias affecting, 34
as impact measure, 65, 69-74
in measles, and initiation of
immunization programs, 112
proportional, 70-71, 74
and relative risk, 75-76
standardized, 72-74
Multiple sclerosis and measles,
102—-103 '
biologic gradient in, 107
biologic plausibility of, 108
coherence of relationship, 108
consistency of association, 104
experimental evidence of, 109
specificity of association, 105
strength of association, 104
temporality of association, 106
Myocardial infarction test, cut-point of,
85
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N

Neyman bias in subject selection, 34

Nomenclature for epidemiologic
research strategies, 45~46

Nominal variables, 64

Nuclear accidents, health risks of, 7-8

Nurse practitioners, cluster sampling
in study of, 26

o

Observations

in descriptive or analytic studies, 45,

47-50
intraclass correlation in, 91-92
number of, 17-18
“reliability of, 93
units of, 1
Qccurrence
frequency measures of, 65-69
relative risk of, 75-76
Odds, relative, 77-78
Ordinal variables, 64

P

Patient care, role of clinical
epidemiology in, 5
Pearson product-moment correlation,
89-90, 91, 92
Period prevalence, 68
Person characteristics, 1, 3
Physique and heart disease,
association of, 113
Place, as variable, 3
in ecologic studies, 43—44, 48
Placebos in drug trials, 37, 38
Plausibility of causal relationship, 102,
108
Policy analysis, role of epidemiology
in, 12
Population of study, 22
Precision of measurement, 62
Predictive value of measurements, 1,
81-83 '
Bayes’ theorem on, 84
and correction of chance agreement
with Cohen's Kappa, 86-87
positive and negative, 81-82
relationship to prevalence, 82-83
validity of, 94, 99
Prevalence, 67-68
in period of measurement, 68
and prediction of disease, 82~83
relationship to incidence, 68
in subject selection bias, 34, 53.
social desirability bias affecting
measurement of, 97

B

Probability sampling, 23
Product-moment correlation of
Pearson, 89~90, 91, 92
Proportional mortality rate, 70-71, 74
Prospective studies, 19-20

Q .

Quality of life measures, 88
validity of, 95

R

Racial variables in classical
epidemiology, 3
Radiation exposure, health risks of,
7-8
dose-response relationship in, 108
Random allocation of subjects, 9~10,
28-31, 51
based on table of random numbers,
28-29
in blocks, 29-30
in randomized controlled trials,
9-10, 51
Random error, compared to bias, 96
Random number table, as basis for
random allocation of subjects,
28-29
Random selection of subjects, 24-26
clusters in, 26
strata in, 25
Randomized controlled trials, 9-10, 51
Ratio variables, 64
Receiver operating characteristic
curve, 84-85, 86
Regression toward the mean
phenomenon, 41-42, 56
Relative odds, 77-78
Relative risk, 75-76, 77
Reliability, 89, 93
and regression toward the mean
phenomenon, 42
Research methodology. 16-59
C.R.A.P. detectors on, 53-56
design elements in, 17-21
and epidemiologic research
strategies, 45-52
introduction to, 16
sampling in, 22-27
subject allocation in, 28-32
threats to validity in, 16, 33-44
Retesting
reliability of measurements in, 93
regression.toward the mean
phenomenon in, 41-42, 56
Retrospective studies, 19-20
on causal relationships, 19, 107

mortality rates in, 69-70, 74
problems in historical control groups
of, 20-21, 74
Rheumatology, measures of
association in, 88—89, 90, 91-92
Risks, 75~78
attributable, 77
of harmful exposures, 78, 16, 65
case-control study on, 50
cohort study on, 49
control groups in study on, 20-21
cross-sectional survey on, 47
descriptive or analytic studies on,
45, 47-50
direction of data gathering on, 19
dose-response relationship in,
107-108
morality rate_in, 8, 70-71, 74
observation of, 17
sampling techniques in study of,
22, 24, 25, 31,33
relative, 75-76, 77
and relative odds, 77-78

S

Sample of population, 23
allocation of subjects in, to different
groups, 28-32
selection of subjects in, 22-27, 28.
See also Sampling
Sampling, 22-27, 28
bias in, 33-37. See also Bias, in
subject selection
C.R.A.P. detectors on, 53
in cross-over design, 52
extreme test scores in, and
regression toward the mean,
41-42 .
haphazard, 26-27
bias in, 27. 33
probability.: 23
random, 24-26
clusters in, 26
strata in, 25
Schizophrenia study, bias in, 34
Self-reporting, validity- of, 99
" social desirability bias affecting, 97
Sensitivity of measurements, 62—63.
81
Smoking and lung cancer, relative
odds in, 77-78
Social assistance programs, bias in
study on, 53, 54
Social desirability bias, 97

Specificity of causal relationship, 102,

105-106

- Specificity of tests, 81
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split-halves reliability of tests, 93
Standardized mortality rate, 72-74
Stratification variables
in allocation of subjects, 30
in selection of subjects, 25
strength of causal relationship, 75,
102, 104
Stroke therapy. randomized controlled
trial on, 51
Subjects of study
allocation of, to different groups.
28-32
selection of sample. 22-27. See
also Sampling
Surveys ‘
cross-sectional, 47
random sampling in, 24
Syndromes
diagnostic suspicion bias in, 97.
identification of cause of, 7

T

Tampon use and toxic shock
_ syndrome, association of, 7
Temporality of causal relationship, 4.
102, 106~107, 112
Tests, 78-87
accuracy of, 86-87
correction for chance agreement of,
with Cohen's Kappa, 86—87
determining cut-points in. 85
negative results of, 79-80
predictive value of, 81-82
positive results of, 7980
predictive value of, 81-82
in receiver operating characteristic
curve, 85, 86 !
predictive value of, 81-82
Bayes' theorem on, 84
relationship to prevalence, 82-83
receiver operating characteristic
curve on, 84-85, 86
regression toward the mean effect
in, 41-42, 56
reliability of, 93
sensitivity and specificity of, 81
Timing of outcome
in assessment of causal
relationship, 4, 102, 106-107,
112
and measurement in single or
multiple occasions, 17-18
Tonsillitis requiring surgery. diagnostic
suspicion bias in, 97
Tooth decay and fluoride rmsmg
programs, time variable in, 4
Toxic shock syndrome, identification
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of cause in, 7
Treatment studies, 9-10

association measures in, 75-76, 77
in chronic disease, 88-89
choice of variables in, 62
control groups’in, 21, 37
experimental design of. See
Experiméntal studies

measurement bias in, 96
volunteer bias in, 36-37

Trends in epidemiology, 6, 78-79, 88

u

Undermatching of experimental and
control groups. 32
Ureaformaldehyde exposure, health
risk of, 8
diagnostic suspicion bias in, 97

v

Vaginal bleeding and endometrial
- cancer, bias in study of,; 35-36,
. 105

validity, 89, 93-95, 99
bias affecting. See Bias
of blind studies, 37-38
of cohort studies, 43
cointervention affecting, 41
concurrent, 94
confounding affecting, 38-39, 40
of construct, 95, 99
contamination affecting, 40-41
of content, 94, 99
C.R.A.P. detectors on, 53, 55-56
of criterion, 94-95, 99
of ecologic studies, 43-44, 55
face, 94, 99
in haphazard allocation of subjects.

31-32
in Hawthorne effect, 37
of probability sampling, 23
regression toward the mean

phenomenon affecting, 41-42,
56 ,

of self-reporting. 97, 99

threats to, 16, 33~44

. Variables -

association between. See

" Association between variables

categorical, 64, 65-87

choice of, for measurement, 61-63

in classical epidemiology. of person,
place and time, 3-5 ‘

confounding, 38-39, 71, 74

continuous, 64, 88-97

dependent, 17, 62

importance of, and choice for
measurement of, 62 :

independent, 17

interval. 64

matching on, 32

in minimization technique of subject
allocation, 31

nominal, 64

ordinal, 64

ratio, 64

of stratification, 25, 30

Video display terminals, health risks

of. 8, 16
case control study on, 50
cohort study on, 49
control groups in study on, 20-21
cross-sectional survey on, 47

direction of data gathering on, 19

observation of, 17
sampling techniques in study on,
22, 24, 25, 31, 33 .

Volunteer bias in subject selection,

36-37, 98

w

Waist size and heart disease,

association of, 113

Western blot test in AIDS, 79, 80, 83






