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Chapter 10, are used. Chapter 10 also gives procedures for esti-
mating sample sizes needed to detect significant effects, using dif-
ferent types of study designs.

CONFOUNDING, INDIRECT AND DIRECT CAUSES
OF DISEASE, AND EFFECT MODIFICATION

Three other major concerns of epidemiologists when designing,
analyzing, and interpreting studies are controlling for confounding
variables, identifying indirect and direct causes of disease, and detect-
ing effect modification. Confounding can perhaps best be introduced
by an cxample. Farly epidemiologic studies suggested that women
with breast cancer were less likely to have breast-fed their infants
and had breast-fed their infants for shorter periods of time than
control women of the same age, thus suggesting that lactation pro-
tects against breast cancer (17, 43). However, longer breast feeding
Is associated with having larger numbers of children, and it was sub-
sequently found that breast feeding was not less common among
ases than controls, once it was taken into account that the controls
had had more children than the cases (20, 21). In this instance, par-
ity was a confounder for the apparent negative association between
breast teeding and breast cancer. Next, it was realized that women
who have few children tend to have their first child at a relatively
late age, and that in most geographic areas the number of children
a woman has does not affect her risk for breast cancer, once account
is taken of her age at first full-term pregnancy (22). In other words,
unless age at first full-term pregnancy, the confounding variable, is
taken into account either in the study design or in the statistical
analysis, misleading conclusions may be reached about the relation-
ship between lactation and breast cancer or between parity and
breast cancer.

Now that an example of confounding has been presented, a def-
inition will be given: A confounder is a variable that (a) is causally
related to the disease under study (or, as often occurs in practice,
serves as a proxy measure for unknown or unmeasured causes), and
(b) is associated with the exposure under study in the study popu-
lation, but is not a consequence of this exposure. It follows from (a)
that within each level of the exposure under study, the confounder
is related to risk for disease, or in probabilistic terms, the confoun-
der is related to the disease conditional on exposure. Accordingly,
age at first delivery is a confounder for the association between par-



ity and breast cancer because it is causally related to breast cancer
(or a proxy for an as yet unknown cause), and is associated with
parity, but is not caused by parity. At each level of parity, older age
at first delivery is positively associated with risk for breast cancer.
For instance, at parity 1 the relative risks for breast cancer accord-
ing to age at first delivery (rates of breast cancer in those at a given
age at first delivery divided by the rate in nulliparous women) have
been estimated (22) to be

Age at hrst delivery

<20 20-24 25-29 30-34 =35
0.6 0.6 0.8 1.0 1.0

Similarly, increasing relative risks for breast cancer with older age
at first delivery are seen for parity 2, parity 3, and higher levels of
parity. On the other hand, for a given age at first delivery, no effect
of number of births can be detected. If age at first birth is taken
into account in the analysis (by methods described in Chapters 5—
7), the relative risks associated with various levels of parity (rates of
breast cancer among women of a given parity divided by rate of
breast cancer among nulliparous women) are

Number of births

0 1 2 3 4-8 =9
1.0 1.2 1.0 1.0 09 0.9

In other words, the apparent relationship between low parity and
risk for breast cancer occurred only because low parity is associated
with late age at first delivery. Parity is not associated with risk tor
breast cancer, once age at first delivery is taken into account.

In many instances in which it is believed that a causal association
exists, the possibility must be kept in mind that an unidentified con-
founder is in fact responsible for the association. For instance, many
studies have demonstrated a positive association between the pres-
ence of herpes simplex virus type 2 (HSV 2) and cervical cancer.
However, one of the main reasons this association has not been
accepted as causal by many people is that another as yet unidentified
sexually transmitted agent may exist that (a) is causally associated
with cervical cancer and (b) is associated with HSV 2 exposure only
because HSV 2 and the unidentified agent are associated with mul-
tiple sexual partners and with early age at first intercourse. Certain
human papilloma viruses may be such agents.

In addition to identifying confounding variables, which, if



Table 1-2. Number and percentage of firstborn among infants with con-
genital dislocation of the hip (CDH) and among control infants, hypothet-

ical data
Cases (CDH) Controls Total
Number firstborn 160 80 180
Number not firstborn 100 120 220
Total ‘ 200 200 400
Percentage firstborn 50 40

ignored, may cause the investigator to believe that an association
exists when it does not or to believe that an association does not
exist when in fact it does, an investigator also is concerned in the
study design and analysis with separating out indirect causes from more
direct causes. For instance, it is known that infants with congenital
dislocation of the hip are more likely to have been firstborn than
arc other infants. This is shown using data from a hypothetical case-
control study in Table 1-2. It is also recognized that infants with
congenital dislocation of the hip are more likely to have been born
by breech delivery than later-born infants (Table 1-3) and that first-
‘born infants are more likely to have been born by breech delivery
than other infants. Accordingly, the investigator wants to know (a)
if infants with congenital dislocation of the hip are more likely to
have been born by breech regardless of whether they are firstborn,
and (b) if infants with congenital dislocation of the hip are more
likely to be firstborn regardless of whether they are born by breech.
Table 1-4 shows that infants with congenital dislocation of the hip
are more likely to have been born by breech regardless of whether

Table 1-3. Number and percentage of births by breech delivery among
infants with congenital dislocation of the hip (CDH) and among control
infants, hypothetical data

Cases (CDH) Controls Total

Number born by breech 60 20 80
Number not born by breech 140 180 320
Total 200 200 400

Percentage born by breech 30 10




Table 1-4. Number and percentage of births by breech delivery among infants with con-
genital dislocation of the hip (CDH) and among control infants according to whether they
were firstborn, hypothetical data

Firstborn Not firstborn

Cases Cases
(CDH) Controls Total (CDH) Controls Total

Number born by

breech 48 16 64 12 4 16
Number not born by

breech 52 64 116 88 116 204

Total 100 80 180 100 120 220

Percentage born by
breech 48 20 12 3

they are firstborn, whereas Table 1-5 indicates that infants with
congenital dislocation of the hip are not more likely to have been
firstborn, once the association between breech delivery and congen-
ital dislocation of the hip is taken into account. Breech malposition
is not a confounder for the association between being firstborn and
congenital dislocation of the hip because although breech malposi-
tion is causally related to congenital dislocation of the hip, being
firstborn contributes to the risk of breech malposition. One con-
cludes that being firstborn is indeed a risk factor for congenital dis-
location of the hip, but only because it increases the risk for breech

Table 1-5. Number and percentage of firstborn among infants with con-
genital dislocation of the hip (CDH) and among control infants according
to whether the delivery was breech, hypothetical data

Breech delivery Not breech delivery

Cases Cases
(CDH) Controls Total (CDH) Controls Total

Number

firstborn 48 16 64 52 64 116
Number not

firstborn 12 4 16 88 116 204

Total 60 20 80 140 180 320
Percentage

firstborn 80 80 37 36




malposition, which is the more direct cause of congenital dislocation
of the hip. The sequence can be illustrated as follows:

Other factors

Firstborn —— Breech malpositi(b‘ Congenital
dislocation
of hip
Obviously, other factors, many of which are not vet identified, also
influence the likelihood of breech malposition. Sorting out such
associations is a major concern in data analysis and interpretation.

In some instances it is not possible to determine whether a given
variable is in fact a confounder, is a link in the causal chain, or is by
chance associated with the risk factor and disease in a particular
study. Generally, an understanding of the biologic relationships
among the exposure, possible confounder, and disease is necessary
to be certain of the true role of a given variable.

Effect modification, sometimes referred to as statistical interaction,
also needs to be considered when epidemiologic studies are
designed, analyzed, and interpreted. Effect modification occurs
when the magnitude of the chosen measure of association between
a causal agent and a disease differs according to the level of a third
variable (or according to the levels of two or more variables). For
instance, when all age groups are considered together, females have
two to three times the risk for hip fractures as males (2). However,
this overall ratio disguises the fact that at young ages males are at
higher risk than females, whereas at older ages females are at con-
siderably higher risk than males. The association between gender
and hip fracture is thus modified by age, which in this instance is a
surrogate measure of the high prevalence of osteoporosis in older
women and of the propensity to severe trauma in young males. The
association between the Epstein—Barr virus (EBV) and African
Burkitt’s lymphoma exists mainly in the presence of malaria (28),
which is generally designated a cofactor by infectious disease epi-
demiologists, but which could be considered an effect modifier as
well. The association between HSV 2 and cervical cancer (if indeed
the association is a causal one) is modified in some unknown way by
geographic locality; the association is considerably less strong in
Japan than in the United States, for instance.

MEASUREMENT

Another major concern of epidemiologists is measurement: mea-
surement of exposures, measurement of diseases, measurement of
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confounding variables, and measurement of effect moditfiers.
Although some variables such as ABO blood groups or the occur-
rence of a hip fracture can be measured with a relatively high degree
of accuracy, epidemiologic studies are often limited by inaccurate
measurement. A great deal of interest currently exists in the role of
diet in the etiology of many chronic diseases, but determining the
toods consumed at the time the disease process actually began is
often exceedingly difhcult, since most people cannot remember
what their diet was 20 or 30 years previously. Even the measure-
ment of current dietary intake is difhicult because of daily variations
in the diet and memory problems. Thus, failure to find an associa-
tion between diet and disease may indicate either that no relation-
ship exists or that measurement is so poor that an association that
does exist cannot be detected.

Failure to measure confounding variables accurately may mean
that the confounder is not adequately taken into account. For
instance, cigarette smoking and coffee drinking are highly corre-
lated. If one wants to measure the association between coffee drink-
ing and disease, smoking habits must be carefully taken into
account; otherwise, an association may be found between coftfee
drinking and disease that is in reality attributable to the confound-
ing effect of smoking, which has not been measured with sutficient
precision.

Another concern is that ascertainment of exposure be compara-
ble in diseased and nondiseased individuals and that ascertainment
of disease occurrence be comparable in exposed and unexposed
persons. Lack of comparability, frequently referred to as differen-
tial misclassification, can result in positive associations between
exposure and disease when none exists and in failure to find asso-
ciations when an association does in fact exist. The possible effects
of measurement error thus need to be considered along with var-
ious other issues in designing and interpreting studies, and will be
discussed in Chapters 11 through 13.

CONCLUSION

Major concerns of epidemiologists trying to learn about disease
causation through observational studies include choosing the most
reliable sources of data, the correct study designs, representative
study subjects, the appropriate methods of measurement; quanti-
fying the magnitude of various risks associated with exposures; con-
trolling for confounding variables; identifying direct and indirect



causes of discase; and detecting effect modification. In practice, it
miay be impossible to meet all these objectives to the extent desired

« because study subjects may not choose to participate, optimal mea-
surement may not be feasible, and a variety of other problems may
arise, ‘Therefore, it is important to recognize the effects of various
inadequacies in different situations, since different inadequacies can
affect the study results in different ways.

It is hoped that this introductory chapter makes it apparent that
conchusions drawn from epidemiologic studies, as with other types
of scientific inquiry, are not always final. Many require additional
confirmatory cpidemiologic or laboratory studies, the experimental
reproduction of the exposure-disease association, or ascertainment
of the efYect of removal or modification of the suspected risk factor.
What was considered a direct cause of a disease at one time may
later be found to be an indirect cause when more information has
heen obtained on biologic mechanisms. What was believed to be a
causal association may be found to be attributable to a confounding
variable recognized at a later time. The best method of measure-
ment at one point in time may be supplanted by a better method
developed subsequently. In any one study, a reported association
may have occurred by chance, especially when many possible asso-
ciations are being considered, and even a truc association may not
apply to all population groups.

Thus, although it is important to use the most appropriate meth-
ods in any one study, it is also essential to keep an open mind as new
knowledge accumulates from further epidemiologic, laboratory,
and other types of studies and as attempts are made to replicate the
results of even the most carefully executed individual studies. It 1s
in this way that knowledge of disease etiology generally evolves.
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