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Abstract

Descriptions of exposure histories in per-
sons with the same injury or illness (“case
series”), and descriptions of outcomes in
persons with the same exposure (“expo-
sure series”), have the potential to contrib-
ute knowledge relevant to disease etiology
in some special situations. The case series
can be thought of as a primitive form of
case-control study—one in which the con-
trols are only implied. Similarly, the expo-
sure series is a rudimentary type of cohort
study. By keeping these analogies in mind,
those who author or read studies without
controls can assess the design or results for
selection bias, confounding, or information
bias. While studies without controls cannot
supplant true case-control or cohort stud-
ies, they are relatively cheap and easy to
perform, and there are circumstances in
which they provide valuable information.
Attention to design is needed to strengthen
the results they provide.
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Exposure histories of persons with the same
injury or illness (“case series”) are frequently
reported in the medical literature because it is
relatively easy for physicians to collect and
classify patients according to their injury or
disease. Occasional medical reports appear in
which outcomes are described for a group of
persons who all have a common exposure. We
know of no accepted term for such a report and
have chosen to call these “exposure series”.
This type of study is much less common, prob-
ably because it is often difficult to identify or
collect persons by their exposure history. Case
series and exposure series share two features:
they are study designs that have no formal
comparison group, and they are generally held,
as we will describe below, in low esteem as a
method for clarifying disease etiology.

Our purpose here is to point out that studies
without controls do sometimes contribute
valuable knowledge about etiology. Case series
have done this often, both in the past and in the
modern era. It is useful to think of the case

series as a primitive form of case-control study,
and doing so can help clarify the situations in
which case series can shed light on etiology.
Similarly, an exposure can be usefully thought
of as a primitive form of cohort study.

Etiologic studies that use controls offer many
advantages over uncontrolled studies. Our goal
is not to encourage uncontrolled studies, but to
describe the occasional circumstances in which
they are informative and to note the potential
biases that should be considered when a group
of cases or exposed individuals is reported.

Case series
Several textbooks that describe epidemiologic
study designs make no mention of case series.'™®
Others give case series only the briefest mention,
mainly to note their limitations.”"' Some authors
classify case series as “descriptive” studies,"”
distinguishing them from analytic designs such
as the case-control study, cohort study, or clini-
cal trial. It has been argued that the case series is
generally suitable only for generating hypotheses
that must later be confirmed by analytic
studies.””™

However, a few authors have noted the
similarity between case series and case-control
studies.””™” In a case series, the cases and their
exposures are described explicitly, while the fre-
quency of exposure in non-cases is implied but
not mentioned. The implied control group is
everyone else in the hypothetical population
from which the cases were derived. Examples
from the literature clarify this idea and serve to
illustrate how case series have made contribu-
tions to knowledge about the etiology of disease.

SCROTAL CANCER
In the 18th century, Sir Percivall Pott wrote his
famous description of scrotal cancer, which he
called “the chimney-sweeper’s cancer”.'® Pott
did not actually describe a series of cases, but
made it clear that nearly all the cases he had seen
were in chimney sweeps. In a later edition of
Pott’s book, published after his death, Sir James
Earle pointed out that soot was the probable
culprit and he described the case of Allan
Spragg, a gardener who sprinkled soot to kill
slugs and developed cancer on the skin of his
hand.' The work of Pott and Earle, in which the
cases are barely described and controls are never
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mentioned, correctly identified risk factors for
scrotal cancer. If all men in the 1770s were
chimney sweeps or had heavy soot exposure,
Pott and Earle would never have published their
observations. But it was obvious to them that the
exposure history of the cases was greatly
different from that of the general population,
and this led them to conclude that the exposure
was a cause of the disease.

MENINGOCOCCAL MENINGITIS

Weichselbaum, in 1887, reported a series of 10
patients who died of meningitis.”” He noted
that four of the patients had meningeal pus
infected with pneumococcus, an organism that
had been previously reported in association
with meningitis. But in the other six cases he
identified a new Gram negative organism with
a peculiar biscuit shape. This case series iden-
tified what would later be called Neisseria men-
ingitidis and established this organism as a
cause of meningitis. Weichselbaum did not
mention controls in his paper, but he knew that
meningeal pus and inflammation were rare
findings at autopsy.

SNOWMOBILE CRASHES AND ALCOHOL

Among 108 snowmobile drivers who died in
snowmobile crashes in Ottawa, Canada, during
1985 through 1990, 79 (73%) had alcohol in
their blood and 71 (65%) were intoxicated by
Ottawa’s legal standard.”’ We regard this as
strong evidence that alcohol use is associated
with snowmobile crashes, since it seems
unlikely that any reasonable selection of
control snowmobile drivers would find that two
thirds were legally intoxicated. (The authors of
the Ottawa report attempted to generate
relative risk estimates by using automobile
drivers killed in traffic crashes as controls. We
think this is a poor choice since deceased car
drivers may not represent the population of
snowmobile drivers and are themselves a
population known to have a high prevalence of
recent alcohol use.?)

ADULTERATED RAPESEED OIL POISONING

In May 1981, thousands of patients were hospi-
talized in Spain with a new type of pneumonia;
ultimately over 20 000 cases were reported and
there were over 300 deaths.”” Investigators
found that afflicted infants at Nifio Jesus Hospi-
tal in Madrid had all consumed adulterated
rapeseed oil, which was sold illegally as cooking
oil. This observation was made at other hospitals
as well, and on June 10 the government issued a
warning about the oil. The cause of this new
disease was correctly identified and appropriate
action initiated before the etiology was con-
firmed by a case-control study, which only
started on June 11.%

Exposure series

In a cohort study, subjects are classified by
their exposure status. Usually those with expo-
sure are compared with those who are not
exposed, but sometimes all subjects are ex-
posed to some degree and those with greater
exposure are compared with those with less. We
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define an exposure series as a study in which all
the subjects are uniformly exposed, so there is
no formal comparison group with a lower level
of (or no) exposure in the study. For such a
study, the implied comparison is with the
experience of non-exposed persons in the
population from which the exposed persons are
selected. Exposure series are unusual enough
in the medical literature that we had to invent a
name to describe them and we had difficulty
finding examples to illustrate their use.

Dunn and colleagues examined the
possibility that HIV could be transmitted from
mother to child through breast milk.”” They
summarized data from four studies in which
children were breast fed by mothers who had
acquired HIV infection postpartum and esti-
mated that the risk of transmission was 29%
(95% confidence interval 16% to 42%). These
results, based solely on exposed patients,
provide strong evidence that vertical transmis-
sion of HIV is possible through breast milk,
since other studies suggest that the risk of HIV
transmission within families through casual
contact is near zero.”*”

Advantages of considering a case series

as a type of case-control study

Thinking of a case series as a case-control
study with implicit controls has several advan-
tages. First, this view makes it easier to under-
stand why the case series, a reputedly weak
design, has played an important role in the
understanding of disease etiology, both histori-
cally and in modern times. If the disease-
exposure association is very strong, it may
require nothing but an implied control group
to detect its presence.

Second, the case-control design, rather than
being a recent and somewhat mysterious
invention of epidemiologists, has been used
intuitively by physicians for over two centuries.
The modern case-control study is an extension
of the case series in which the frequency of
exposure among controls is made explicit.

Third, the author and reader of a case series
can better assess the results by examining them
for the biases that can affect any case-control
study. Selection bias, in which cases are chosen
because they are both diseased and exposed,
can create a false association between exposure
and disease in a case series. Information bias is
another potential problem. It can arise when
great effort goes into eliciting the exposure his-
tory of cases, while the frequency of exposure
among the implied controls is assumed to be
common knowledge. Confounding, in which
the relationship between disease and exposure
is distorted by another factor, can be difficult to
prevent or even assess in a case series. Analytic
studies often can control confounding in their
analysis, but this technique generally cannot be
applied in a case series.

Possible biases can sometimes be addressed
in the report of a case series and doing this may
clarify the likelihood that the reported associ-
ation is real. For example, selection bias arises
if the exposure of interest has an important
effect on the likelihood of the case appearing in
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a series, ndependent of the exposure’s effect on
the occurrence of injury or disease. Several
studies have reported that among victims of
assault seen in emergency departments, from
17% to 70% have detectable alcohol in their
blood or breath.” However, it seems likely that
aside from the injuries that a person might suf-
fer after an altercation, the presence of alcohol
might influence the decision to come to the
emergency department. Friends or medics
might be concerned that the victim’s slurred
speech could be due to brain injury, rather than
alcohol, or they might insist on transport to the
hospital because otherwise the beating victim
would sleep in the street. If these events occur,
persons who are beaten while intoxicated will
be more likely to come to the emergency
department than persons who are beaten while
sober, even if their physical injuries are the
same. The result will be that even if intoxica-
tion is not associated with injury, intoxicated
persons will be over-represented among emer-
gency department assault victims. One remedy
for this bias would be to limit the cases to per-
sons injured so severely that they would have
come to an emergency department regardless
of their degree of intoxication.

Sometimes confounding can be addressed in
a case series. Holcomb reported that among
270 drivers who were hospitalized after a crash
in Evanston, Illinois, during 1935 through
1937, 46% had been drinking.** Because of this
seemingly high prevalence, Holcomb hypoth-
esized that alcohol was a cause of many
crashes. However, he noted that the incidence
rate of crashes per vehicle on the road was
greater at night, when people were more likely
to drink, and he asked whether the hazard of
driving in darkness could explain the apparent
association between alcohol use and traffic
crashes. Although he had information regard-
ing cases and controls, numerical methods to
deal with confounding in this type of data
would not be published for another 20 years."”
Instead, Holcomb used data from his cases and
pointed out that if the problem were reduced
visibility in the dark, one would expect crash
incidence to remain relatively constant during
the night; but, the incidence rate of crashes per
vehicle was over twice as high in the two hours
after midnight, compared with the two hours
before midnight, coinciding with the time
when intoxicated drivers would leave bars and
be on the road.

All of the advantages that are gained by
keeping in mind the case-control design when
considering a case series, seem to apply equally
well to thinking of the exposure series as a
rudimentary form of cohort study. In their
assessment of breast feeding as a means of HIV
transmission, Dunn and coworkers gave special
attention to the problem of selection bias,
excluding cases in which the exposure was rec-
ognized because of the presence of disease.”

Situations in which studies without
controls may be useful

Because a comparison group is not explicitly
defined in case or exposure series, these studies
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are probably only useful under the following
conditions:

(1) When the relative risk for disease associ-
ated with a given exposure is very large, then
the frequency of exposure or disease among the
subjects can be recognized as aberrant. Small
to moderate relative risks, which can be readily
detected by a conventional case-control or
cohort study, are hard to identify in studies
without explicit controls. For several case
series, from which etiologic inferences have
been drawn, virtually all the cases were
exposed. For example, Pott claimed he never
saw a case of scrotal cancer except in chimney
sweeps.” None the less, if an exposure is
uncommon in the population from which the
cases are derived, the investigator may recog-
nize the association between exposure and dis-
ease even when only a fraction of the cases are
exposed. Similarly, for exposure series, the
etiologic importance of an exposure may be
appreciated even if only some of those exposed
develop disease, provided the disease outcome
is sufficiently rare among unexposed members
of the source population.

(2) For some exposures the frequency is so
well known in the population that even a mod-
est increase in relative risk can be detected by a
case series. Sex is one example of such an
“exposure”. If an author reports a case series of
100 children with injuries and notes that 75%
are boys, we may surmise that the relative risk
for this disease is threefold higher in boys than
girls, because any potential source population
will be almost evenly divided between the
sexes.

Sometimes the authors of a case series know
very clearly the population from which the
cases are derived, and are in a position to esti-
mate the exposure experience of the source
population, using data from other sources. For
example, Diekema and coauthors used this
strategy in a study of epilepsy as a risk factor for
drowning.” They identified all new cases of
unintentional death due to submersion among
children in King County, Washington, and
compared the prevalence of epilepsy in this
group (6.3%) with the estimated prevalence
among other children in the same county
(0.5%), which they obtained from a study in
Oklahoma: the relative risk was 13.8 (95%
confidence interval 7.0 to 27.0). This strategy
should be used judiciously. The estimates
obtained are plausible to the degree that: the
cases are clearly representative of those that
occurred in the source population; the ascer-
tainment of exposure is the same for cases and
controls; and there is little difference in the true
frequency of exposure between the population
of interest and that for which the data are avail-
able.

Conclusion

Although studies without controls can be use-
fully thought of as the most primitive form of
case-control or cohort studies, their weak-
nesses should be recognized. They usually can-
not provide a numerical estimate of relative risk
and as a rule can only detect strong associa-
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tions. Just as for studies with controls, reports
of case series and exposure series can be
strengthened if their authors address the issues
of selection, confounding, and information
bias. Studies without controls have the advan-
tage of being relatively inexpensive in time and
money. Under certain circumstances, they can
produce etiologic insights. Even with 200 years
of hindsight, we do not feel compelled to criti-
cize Sir Percivall Pott for having failed to assess
the frequency of chimney sweeping in controls.
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