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The use of epidemiological evidence is frequently involved in
clinical decision making. Usually epidemiological investigation
seeks to determine the extent of the association between a
suspected factor and the occurrence of a disease. When the
data are collected retrospectively then rates of exposure to the
factor are compared for a group of cases of the disease and a
group of controls. If the study is prospective then incidence
rates of the disease are compared for a group exposed to the
factor and an unexposed group. Although the retrospective
approach is often more feasible it is also more vulnerable to
bias. The possible influence of bias and chance must be taken
into consideration when interpreting the results of any study.
Relative risk serves as a useful index for expressing the
strength of the association between the factor and the disease.

Epidemiological studies17 are being used in-
creasingly to determine association between sus-
pected factors and medical outcomes. Federal
regulation, particularly in the form of recom-
mendations in the Physicians’ Desk Reference
(PDR) and package inserts, is often based on the
results of these investigations. The clinician is re-
quired to make therapeutic decisions based upon
conclusions derived from epidemiological studies,
frequently of retrospective design. This article will
examine some of the premises pertinent to the va-
lidity of epidemiological evidence.

Exposure and Disease

The majority of epidemiological studies can be
reduced, in their simplest form, to the relationship
between exposure and disease,8as shown in Table
1 Exposure here is used in a general sense, includ-
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ing the presence of an attribute, such as hyperten-
sion, or any suspected etiological factor. Disease
is used here, but it can include any outcome, such
as survival.

If the approach is retrospective, the investigator
starts with a + ¢ cases. A comparison group ofb +
d controls is then selected and the position shown
in Table 2 is reached. The participants are then
assigned retrospectively to the exposure rows, so
that the 2x2 table is completed (Table 1). Anal-
ysis is then performed by comparing the exposure
rates between the case and control groups.

a
Exposure rate among cases = -—-—-

at+c

b
Exposure rate among controls = -——--
b+d

Vessey and Doll,1for example, did a retrospec-
tive study to investigate the relationship between
the use of oral contraceptives and thromboembolic
disease. Their results were as shown in Table 3. In
this retrospective study,
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Table 1 Schematic Representation of Completed Data, Gathered
Prospectively or Retrospectively, Showing Relationship Between
Exposure and Disease

Present

Exposure Absent

Disease
Present Absent
a b
C d

Table 2. Cases and Controls Assembled at the Start of a Retrospective
Study, Not Yet Differentiated into Exposed and Nonexposed Groups

Present

Exposure Absent

Total

Disease
Present Absent
? ?

? 7
a+c b+d

Table 3. Results of a Retrospective Study,1 where Use of Oral Con-
traceptives Is the Exposure, and Thromboembolism Is the Disease

Outcome
Thromboembolism
Cases Controls
Oral Used 26 10
Contraceptives Not Used 32 106
Total 58 116

Exposure rate among cases = = = .448 or 44.8 percent

10
Exposure rate among controls = T6: .086 or 8.6 percent

When the design is prospective, however, the
investigator starts with the row total a+b (the
exposed group) and the row total c+d (the
nonexposed group), and the position shown in
Table 4 is reached. The participants are then fol-
lowed forward, and they eventually fall into the
diseased or nondiseased columns, so that the 2 x 2
table is completed prospectively (Table 1)
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Analysis is then performed by comparing the rate
of disease occurrence (incidence) between the ex-
posed and nonexposed groups.
a
Incid in th d = —~
nciaence In the exposed group atb
c
Incidence in the nonexposed group = F

For example, a prospective study by Green and
Sarubbi9examined febrile morbidity after cesarean
section and the type of anesthesia used. Their re-
sults were as shown in Table 5. In this prospective
study,
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Table 4. The Start of a Prospective Study, Showing the Exposed and
Nonexposed Groups, Not Yet Differentiated into Diseased and Non-
diseased

Disease
Present Absent Totals
?
Exposure Present ? a+b
Absent ? c+d
Table 5. Results of a Prospective Study9
Febrile Morbidity

Yes No Total

Anesthesia Regional 9 38 47

Type General 45 37 82

i i idi 9
Incidence offebrile r_norbldlty amopg — — 192 or 19.2%
those exposed to regional anesthesia 47
Incidence offebrile morbidity among _45 _ N
those exposed to general anesthesia 82 °r

The advantage of the retrospective design is
that it may be used to study a rare disease610; for a
series of cases of a rare disease may be retrospec-
tively collected from a group of large hospitals,
and compared with controls free of the disease.
The prospective design, by contrast, entails as-
sembling a study cohort free of the disease under
consideration, and following them forward in time
so as to observe the development of the disease
among some of their members. With a rare disease,
however, the number of cases would be very
small. Further, the retrospective study yields a re-
sult in a relatively short time. This may be impor-
tant, if the outcome is a suspected pathology re-
sulting from drug exposure.161011

When the phocomelia epidemic was detected in
1962,11 the retrospective approach was used to
identify the cause rapidly. Cases of phocomelia
were compared with a control group of healthy
babies, and the exposure of the two groups con-
trasted with respect to a variety of prenatal fac-
tors, including thalidomide. It was found that the
affected babies had a far greater proportion of

the JOURNAL OF FAMILY PRACTICE, VOL. 8, NO. 4, 1979

mothers who had taken thalidomide early iri preg-
nancy than the normal babies.

The price to be paid for these two advafltages,
namely, the ability to study the etiology of a fare
disease, and speed, is that the probability of bias is
greater in a retrospective study than in the pro-
spective approach.

Bias

Bias is systematic error, resulting in ovfer or
under estimation of the strength of the association.
The validity of any study depends on the accuracy
with which the subjects are assigned to the four
categories, a, b, ¢, and d (Table 1). Misclassifica-
tion may occur because of over or underdiagnosis.
If a disease entity is well defined, such as cancer of
the lung, the diagnosis being uniform and estab-
lished and the majority of cases coming to medical
attention, and there is little selectivity by physi-
cians in hospitalizing the patient, misclassification
is minimal. Thromboembolic phenomena present a
contrast. The disease is difficult to diagnose; it
may present as a complication of another medical
or surgical condition, and criteria are not uni-
form.22 Also the presence or absence of exposure
may influence the management. If a physician is
faced with a young woman, known to be on oral
contraceptives, presenting with leg pain, she may
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be hospitalized more readily than another similar
patient not on oral contraceptives. The control
group is represented by the participants in the col-
umn b + d. Itis necessary to ensure the disease is
absent in this group, which may be simple in the
case of lung cancer, but less certainty prevails
with thromboembolic disease.

The sample of cases studied may not represent
the entire spectrum of the disease. Hospitalized
cases may exclude mild cases and those who die
prior to admission. Coronary heart disease is such
an example.

The design in Table 1also assumes that the ex-
posure is present or absent, both categories, of
course, being mutually exclusive. The exposure
may be difficult to define and measure, eg, type A
personality, or difficult to recall, as in drug use.
Further, the exposure may be intermittently pres-
ent, as in the case of oral contraceptive use.
Thus, the row a + b may over or under represent
the exposure in the sample. If the information
sought is unchanging and usually available, such
as blood group, bias may be minimal. In a more
usual case the needed information is not available
and is sought by interview or questionnaire. The
recall of events in the distant past may be inaccu-
rate, or the information supplied by the informant
may be biased.

Selective recall may occur among the cases, as
they necessarily know they have the disease, and
may already associate it with exposure. The in-
terviewer, being aware of the identity of cases and
controls, may unconsciously probe more among
the cases, seeking a positive association. To
minimize bias from this source, the interviewer
ideally should be unaware of which participant is a
case or control, but this is difficult to achieve in
retrospective studies.

Bias may occur in the selection of controls,
particularly if hospitalized patients are used, as is
frequently the case. It is essential that the control
group be as like the diseased group as possible, yet
also similar to the general population in distribu-
tion of the exposure, if the results are to be ex-
tended to the general population. The hospitalized
controls may contain an unrepresentative propor-
tion of a particular attribute, hypertensives and
smokers for example. If controls with serious sys-
temic diseases, such as cancer, are used,3 pres-
ence of this disease may affect exposure to the
suspected etiological factor. Patients with
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gynecologic cancers are less likely to be pre-
cribed estrogen than those free of such cancers.

In an attempt both to reduce and measure the
possible bias introduced by using hospital con-
trols, a second series of controls may be assem-
bled from the general population.13 If the results
are similar for both control groups in terms of ex-
posure frequency, then bias from use of hospital
controls is minimal.

Matching

The comparison between cases and controls
may reveal a difference in exposure rates, and the
development of disease may be ascribed to this
difference, provided the two groups are otherwise
comparable. In order to attain such comparability
they are frequently matched for characteristics
known to influence the distribution of the disease.
Age is a powerful determinant of disease, so that,
in order to eliminate this effect from the compari-
son, the controls are matched to the cases for age.
Socioeconomic status, because it influences en-
vironmental hazards and life-styles, is frequently a
disease determinant, and therefore is used to
match cases with controls. It should be empha-
sized that when a variable is used for matching, its
etiologic role cannot be investigated because cases
and controls are then automatically similar with
respect to that characteristic.

A study by Douglas¥4 showed that children
weighing 2,500 g or less at birth had significantly
lower school achievement than control children
matched for sex and age. The implication of this
result was that the child’s low birth weight was the
cause of the lower school achievement. When the
children were further matched according to socio-
economic factors, however, the difference in
school achievement largely disappeared.

Interpretation of Results

A difference, either in exposure rates, in the
case of the retrospective study, or in incidence
rates, for the prospective study, is evidence of an
association between the exposure and the disease.
Caution must be used here, however, because the
difference may be due to: (1) a real effect of the
exposure; (2) a bias in the study; (3) chance; or
some combination of these. If (2) and (3) cannot
both be ruled out as possible explanations, the
difference permits no clear interpretation.

Statistical tests may be used to determine the
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probability that chance could explain the differ-
ence observed. The P value given by a statistical
test expresses the probability of a difference as
large or larger than that observed occurring by
chance alone. Hence, a small P value attached to
the difference indicates that it is not likely to be
the result of mere chance. On the other hand, if
P>.05, then the role of chance as a possible
determinant for the difference should not be dis-
counted. For this reason such results are labeled
as not statistically significant (NS).

A result which is not statistically significant,
that is one with P>.05, does not exclude the
existence of an association. Unless the association
is strong the sample size required to demonstrate
statistical significance may be huge for an
epidemiologic study. Goldstein,15 for example,
shows that to have a 90 percent chance to attain a
significant result, in a study of the influence of
smoking in pregnancy on perinatal mortality, a
sample of 23,000 is needed.

Finally, the study design must be scrutinized to
assess the influence of possible biases. As previ-
ously noted, there is more opportunity for bias in a
retrospective study than a prospective one. Thus,
inaretrospective study, it is often difficult to elim-
inate bias as the explanation for a difference de-
tected in exposure rates.

Relative Risk

The strength of the association between the fac-
tor and the disease is measured by the relative risk
(RR) where

_Incidence rate for those exposed to the factor.

Incidence rate for those not exposed to the factor.
Although RR can be computed directly from a
prospective study, it must be approximated when
the study is retrospective. From a retrospective
study, RR=ad/bc where a, b, c, and d are taken
fromthe 2 x 2 table in Table 1 The approximation
will be close provided that the frequency of the
disease is low and the exposure rates in the seg-
ments of the general population with and without
the disease are similar to those found for the
corresponding study groups.16

Relative risk enables the investigator to assess
the importance of a particular factor as an etiologic
agent. It is useful to the clinician in determining
when a patient is at increased risk for a disease
because of some particular exposure. However,
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the relative risk does not indicate the probability
that someone with the factor will develop the dis-
ease. It has been shownl2that oral contraceptive
users have a 4.5 relative risk of developing venous
thromboembolism compared with nonusers. But,
in an oral contraceptive user under the age of 20,
the probability of her developing thromboem-
bolism is extremely small. Physicians must always
apply the relative risk in conjunction with their
knowledge of the natural history of the disease. It
is especially important to bear this in mind when
the relative risk has been determined from a ret-
rospective study. This is because this design does
not yield incidence rates for either the exposed or
the nonexposed groups. Thus, the relative risk es-
timate for those exposed is merely a multiple of an
unknown incidence rate among those not exposed.
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