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The case-control design is a cost-efficient approach that has
been used in numerous studies, providing important knowl-
edge about risk factors for many diseases. A classic example is
Doll’s 1950 study, which revealed an association between
smoking and lung cancer [1]. Over time more advanced sub-
types of case-control designs have been developed. Examples
are the case-crossover design [2] and the case-time-control
design [3].

In the hierarchy of study designs, the case-control design
has a low ranking [4], mainly because of inherent methodo-
logical issues. Among these, selection bias (such as in the
selection of controls) and information bias (such as recall bi-
as), are key challenges [5]. Thus, the case-control design is
considered weaker than both the randomized controlled trial
and the cohort study [6]. Decades ago, Feinstein described a
case-control study based on retrospective data collection as a
trohoc study (cohort spelled backwards) [7].

Within the field of epidemiology, there have been two ma-
jor trends in data collection and use. The first is the establish-
ment of large cohorts based on collection of prospective data,
often in conjunction with biobanked material such as blood
and tissue samples. The second involves use of existing med-
ical registries and databases, allowing studies to make use of
already collected secondary data. As both data collection
methods have limitations, reconsideration of the case-control

design as a valid and efficient study design is needed. It must
be stressed that case-control studies can be based on primary
and secondary data, collected prospectively or retrospectively
[8].

Six arguments can be made for the value and utility of the
case-control design.

1. Data collection for many existing large cohorts [8–11] is
limited to baseline characteristics and exposures, supple-
mented with follow-up of health events. Important exam-
ples are the Nurses’ Health Study and the European
Prospective Investigation into Cancer and Nutrition
(EPIC) study [12, 13]. Such cohort studies rarely allow
examination of the effect of acute exposures or exposures
whose effects vary over short periods of time or are di-
phasic. In contrast, a case-control study can capture such
effects. For instance, a case-control study conducted dur-
ing 1979–1989 in Washington State [14] examined the
risk of cardiac arrest during vigorous exercise. The study
included 133 men who experienced primary cardiac arrest
and a control group of healthy men. Information was ob-
tained through interviews with the men’s wives. The
study found that the risk of cardiac arrest during exercise
was higher than at other times, especially among men
with low levels of habitual activity. Among habitually
vigorous men, the overall risk of cardiac arrest (both dur-
ing vigorous activity and at other times) was 40 % lower
than that among sedentary men. This association could
not have been revealed in a classic cohort study in which
there is no possibility of collecting exposure information
right before the effect. Thus, case-control studies allow for
collection of very detailed information at the time of a
health event or diagnosis of a disease. The later case-
crossover design represents a fundamental step forward
in the study of acute effects.
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2. Even large cohorts with hundreds of thousands of par-
ticipants are too small to study rare health events or
diseases. They are appropriate only for investigating
the etiology of relatively common conditions. In con-
trast, the case-control design is very cost-effective in
the context of rare diseases. As an example, in a cohort
drawn from Danish databases (1977–2009), a nested na-
tionwide population-based case-control study was con-
ducted among individuals who had undergone colonos-
copies (n = 272,342). It identified 2045 CRC cases and
8105 CRC-free individuals (controls). The aim of the
case-control study was to examine CRC risks associated
with serrated polyps (SSA/Ps). For each case and con-
trol, tissue blocks were obtained for the first hyperplastic
colorectal polyp(s) biopsied or excised during or after
the initial colonoscopy. Four expert pathologists
reviewed these lesions using current terminology for ser-
rated polyps. Seventy-nine cases and 142 controls were
diagnosed with SSA/Ps (odds ratio (OR), 3.07; 95 %
confidence interval [CI], 2.30–4.10). SSA/Ps with cytol-
ogy markers for dysplasia were associated with a partic-
ularly high OR (4.76; 95 % CI, 2.59–8.73) [15] for a
subsequent diagnosis of CRC. This case-control study
showed that the same information could be obtained
by examining 10,015 individuals instead of the entire
cohort of approximately 270,000 individuals [15].

3. A case-control design using interviews may provide more
valid and complete exposure information than cohort
studies relying on medical databases. For instance, inter-
views may provide more accurate information on actual
drug exposure than prescription databases, although infor-
mation bias is a risk [16]. While prescription databases
contain information on when a prescription was issued
or reimbursed by a pharmacy, they lack information on
the time of actual drug intake. Such misclassification will
most likely bias the risk estimates towards the null [5]. As
well, many large health care databases have limited infor-
mation on lifestyle factors. Even those with information
on body mass index, alcohol intake, and smoking, such as
the general practice databases in the UK, have a substan-
tial amount of missing data, which can lead to problems
with residual confounding [17]. In contrast, case-control
studies based on interviews can provide much better and
more detailed data on exposures and potential confound-
ing factors.

4. A case-control study also can be used to examine novel
hypotheses and even multiple exposures not known at
the time when a large cohort study is designed.
Moreover, information collected using a case-control de-
sign can be combined readily with biobank data. An
example is the Leiden case-control study of venous
thromboembolism (VTE) risk factors in interaction with
biomarkers. This study revealed the now well-known

interaction between oral contraceptives and VTE risk
in carriers of Leiden factor 5 [18]. The nested case-
control design also can be used to validate outcomes in
database studies. For example, Jick et al. have applied
the case-control design to validate VTE diagnoses within
a large cohort, in order to confirm the specificity of the
diagnosis [19].

5. A particular problem in pharmacoepidemiological studies
of long-term drug effects is to determine present drug
intake and the cumulative amount of drug consumption.
Although lack of information on non-compliance and ex-
act drug intake is a well-known limitation of registry stud-
ies, many pharmacoepidemiological studies assume that
the dose and cumulative amount described in the medical
record or reimbursed at the pharmacy is the same as the
exposed dose and cumulative amount. Actual drug intake
and the cumulative dose might be difficult to estimate
using a cohort design since exposures represent dynamic
variables throughout the follow-up period. In a case-
control design, it is easier to estimate the real cumulative
dose [20].

6. The case-control design may be intuitively more attrac-
tive for physicians taking care of specific patients. As
well, it is a concern that many students do not have a
personal relation to data collection and classification of
patients, since the majority of dissertations are based on
medical databases and existing cohorts. A case-control
design facilitates students’ participation in data collec-
tion and gives them a better understanding of data qual-
ity. Finally, it is possible to use a case-control study of
risk factors as a prospective prognostic study based on
the same cases. A good example is provided by a
Swedish study in which cases from a case-control study
of risk factors for hip fracture were used for a later
cohort study focusing on survival following hip fracture
[21, 22].

Currently, the case-control design is relatively low in the
hierarchy of study designs. However, there are no strong uni-
versal arguments for keeping this ranking. Choice of design
must depend on the topic in question. In a number of contexts,
the case-control design is more valuable than other designs in
providing valid information on an exposure/effect relation.
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