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Abstract. This paper summarizes several studies that
can be appended to conventional case—control studies
especially in the context of case-control studies that
focus on etiologic questions. Appending studies to
case—control studies may further add to the under-
standing. of the epidemiology of diseases under
investigation. We explain their uses, implications and
limitations. One can append the following studies to a
case—control study: (1) case-only study, (2) case—
crossover study, (3) case cross-sectional study, (4)
control cross-sectional study, (5) case follow-up

study, and (6) control follow-up study. The choice of
the additional studies that are appended to the con-
ventional case—control study has implications for the
set of data and biological material that has to be
collected, the ethical review board and the informed
consent. Due to several limitations, the attachment of
additional studies to a case—control study should be
carefully considered and limited to only few addi-
tional studies in order to avoid overburden of the
study participants and study personnel.
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Introduction

The case—control study is a powerful study design to
investigate the association between a range of expo-
sures and an outcome [1-5]. Famous examples include
case—control studies investigating the association be-
tween smoking and lung cancer [6], oral contracep-
tives and thromboembolism [7], cryptorchidism and
testicular cancer [8]. The application of the case-
control methodology can go beyond etiologic research
and may focus on the evaluation of the effectiveness of
primary (e.g. vaccination) [9] and secondary preven-
tion strategies (e.g. screening) [10], therapies and
prognostic factors [11]. The case—control study has a
number of advantages and disadvantages compared
to cohort studies. For diseases that are sufficiently
rare, cohort studies become too impractical to con-
sider, and often case—control studies become the only
useful alternative. However, for exposures that are
extremely rare, case—control studies are not efficient,
and cohort studies of special-exposure are necessary.
Compared to cohort studies, case—control studies
present more opportunities for bias including recall,
selection and other biases [12, 13].

The understanding of the epidemiology of the
studied disease within a case—control study can go
beyond the primary study questions that led to the
initiation of the case-control study, especially in the
context of case-control studies that focus on etiologic
questions. If planned well, case—control studies offer
several design options that enable us to answer
additional questions besides the primary study ques-

tions by appending additional studies to the case-
control study.

In this paper, we want to give an overview and
explain the indication, use, limitations and implica-
tions of studies that can be appended to conventional
case—control studies. We discuss issues including
ethical review, informed consent, data confidentiality
and data collection that have to be considered during
the planning phase of the case-control study to ap-
pend studies on the case—control study.

In the classical case—control study that focuses on
etiology, cases and controls are compared with regard
to the retrospectively assessed exposure status. To
enhance the efficacy of the control of confounding,
the control group is often matched to the case group.
The additional design options treat the groups of
cases and controls in several ways to learn about the
nature of the disease, the exposure or confounders,
and their interdependence. These include retrospec-
tive, cross-sectional and prospective design options.
Figure 1 gives a summary of a case—control studies
and its additional design options.

Case-only study

The retrospective case-only study (Figure 1: no. 1)
allows to investigate gene-gene, gene-environment
and environment-environment interaction on a
multiplicative scale [14, 15]. A crucial assumption for
this study is the independence of the occurrence of the
exposures of interest in the study base. Investigators
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Figure 1. Case—control study design and additional design
options.

who want to study gene—gene interaction should keep
in mind that the genes under study must be in linkage
equilibrium in the population being studied. The
cross-product in a case-only study measures the ratio
of OR; to OR, ® OR g, a measure of departure from
the multiplicative joint effects of two risk factors [15].
However, it has been suggested that for addressing
public health concerns regarding disease frequency
reduction, biological interaction, that is, assessing
deviations from additivity is most relevant [13].

If genetic markers are considered, the investigators
carefully have to plan which biological material
(lymphocytes, leukocytes, serum, urine, liquor, etc.)
from the cases has to be collected and how this
material has to be processed and stored to enable the
genetic analysis that is usually conducted at the end
of the case recruitment. Even in the absence of a
specific hypothesis concerning gene—gene or gene—
environment interaction, the investigators should
consider to collect and store biological material that
enables a genetic analysis in future when a novel
hypothesis on the genetic etiology of the disease
comes up. However, with the gradual introduction of
microarray techniques [16, 17], simultaneous genetic
screening of several thousand markers may result in
the problem of multiple testing. Regardless whether
the genetic hypothesis existed before the study started
or whether the hypothesis came up during or after the
recruitment of cases, the investigator should inform
the ethical review board and should make the in-
formed consent as clear as possible. If the genetic
markers that will be assessed are not known at the
beginning or during the case recruitment the investi-
gator should re-contact the ethical review board be-
fore he starts the genetic analysis. In addition, cases
should be re-contacted to obtain the informed con-
sent for the additional genetic studies.

Case-crossover study

The case-crossover study (Figure 1: no. 2) is a pop-
ular analytic tool for estimating the effects of triggers

of acute outcomes by brief environmental exposures
and involves only cases [18-21]. Each case serves as
his or her own control. This approach controls for all
measured and unmeasured time-invariant confound-
ers by design, because these are constant within each
individual’s stratum. If intermittent exposure to fac-
tors with transient effects are of interest, a case-
crossover study should be considered in addition to
the conventional case-control study. For this pur-
pose, the exposure assessment among cases has to be
expanded. Each case contributes one case window
and one or more control windows. The case window
is defined as the ‘at risk’ period preceding the event.
The control windows are periods of the same length
as, and not overlapping with, the case window that
provide an estimate of the expected frequency of
exposure of each case. The case window and the
control windows derive from the same person (case)
at different times. The case-crossover odds ratio can
be estimated by the ratio of the number of cases ex-
posed only during the case window to the number of
cases exposed only during the control window
(i.e. ratio of discordant pairs) [22]. Obviously,
the exact timing of the onset of the case disease in
the case—control study has to be documented care-
fully.

While the case-crossover study avoids difficulties of
selecting a valid control group, one still must define
appropriate control windows that may be problem-
atic because there may be induction periods and
carry-over effects. A washout gap between the control
and case window can avoid potential carry-over ef-
fects. In addition, a potential problem with restricting
the set of eligible control windows in case-crossover
studies is that time-selection bias can occur from time
trends in the exposure of interest itself [23, 24]. A
bidirectional sampling of control windows (i.e. before
and after the case window) can eliminate the time-
selection bias due to linear trend that occurs with
unidirectional sampling. It is also possible to adjust
case-crossover estimates for time selection biases
through the use of longitudinal data from a truly
nondiseased control group (case-time-controls)
[25, 26]. Simulations by Bateson and Schwartz
[27] show that the gross biases from seasonal varia-
tion can also be alleviated by choosing windows from
a shorter period of time both before and after the case
time. The study of environmental exposure effects has
the advantage that exposure levels subsequent to the
event are unaffected by the event occurrence [28].
However, if the outcome (disease of the case) affects
subsequent exposure, then control time should pre-
cede the case window [23, 27].

Case cross-sectional study

The case cross-sectional study (Figure 1: no. 3) is
an important source of the descriptive epidemiology



of the disease of interest, especially if the case
recruitment is population-based. In study regions of
population-based case—control studies, where popu-
lation-based registries do not exist, the case
cross-sectional study provides information on the
occurrence of the disease of interest which is not
available otherwise. That is, the population-based
case—control study is, in essence, a temporary popu-
lation-based disease registry. It allows to compute
and compare the proportion of cases with different
characteristics. In addition, for the calendar period of
the case—control study, it enables the investigator to
calculate and compare incidence rates by age, gender,
etc. However, to estimate population-based incidence
rates from the case-control study, the completeness
of the case ascertainment is a crucial prerequisite
and may be difficult to assess. In a recent study by
Carpenter et al. [29] data from four large case—con-
trol studies of the etiology of sudden unexplained
infant death (SIDS) were analyzed. Based on 745
cases, the authors calculated incidence rate esti-
mates of autopsy-verified SIDS by study region and
found that the rates ranged from 0.17 per 1.000 in
Hungary to 1.3 per 1.000 in Northrhine-Westfalia.
They also assessed the age-specific incidence of
SIDS and found that the rates peak at 10 weeks of
age.

Even when population-based disease registries (e.g.
cancer registries) for the disease of interest are
available in the study region, the cross-sectional
characterization of the case group can go far beyond
the characterization in population-based registries
which routinely collect only a limited set of infor-
mation. For example, the mandatory set of infor-
mation of newly diagnosed cancer cases that is
reported to population-based cancer registries in
Germany does not include details of the diagnostic
workup, treatment modalities or the comorbidity and
detailed information on stage is often missing [30, 31].
Furthermore, the study-driven case ascertainment
may be more complete than the routine registration
procedure, especially for rare cancers like uveal mel-
anoma [32]. This may occur, if the cancer registries
are mainly based on routine reports from patholo-
gists whereas a case—control study may additionally
motivate treating clinicians to report eligible cases to
the study.

To enable the case cross-sectional study, investi-
gators carefully have to plan which clinical and other
information beyond the necessary information to
clarify the eligibility criteria for the cases has to be
collected. For example, it may be important to collect
detailed information of the diagnostic workup, exact
anatomic location, stage and morphology of the
disease, of the treatment modalities and the comor-
bidity of the cases. Often, these data are available
from the treating clinicians so that the cases are not
burdened with this part of the study. However, the
informed consent of the case—control study should
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clearly state that the investigator is allowed to collect
these additional data.

Control cross-sectional study

If the control group has been selected in a valid
manner, it provides information on the prevalence of
the exposure distribution in the study base from
which the cases came and enables the investigator to
calculate exposure prevalence estimates in the study
population (control cross-sectional study, Figure 1:
no. 4). If the case—control study is population based it
enables the investigator to calculate population-based
prevalence estimates of exposure. However, controls
in case—control studies are often matched to the cases
by age and gender (and sometimes further charac-
teristics) and therefore prevalences can only be esti-
mated within matching strata. Prevalence estimates
within matching strata can become very instable if the
sizes of the strata are small. Overall prevalence esti-
mates can be derived by standardization to age and
gender and can be compared to other studies whereas
the crude prevalence may be misleading due to
selection effects of matching controls to the cases.

In addition to the studies of exposure prevalence,
one could conduct studies of the prevalence of dis-
eases other than the case disease. For example, we did
a control cross-sectional study [33] within a popula-
tion-based case—control study [34] to estimate the
prevalence of self-reported gallstones in the German
population because current prevalence data on gall-
stones in the general population were not available.
For this purpose, we estimated matching-factor spe-
cific, i.e. age- and gender-specific prevalence esti-
mates of self-reported gallstones and thereafter
calculated gender-specific age-standardized preva-
lences of gallstones in the study population. The
age-standardized prevalence (European standard
population) of self-reported gallstones among sub-
jects aged 35-69 years was 4.2% among men and
14.5% among women [33]. One could also measure
the prevalence of a wide range of diseases — many
having nothing to do with the case disease — and
compute prevalence odds ratios or prevalence ratios
for these diseases and selected exposures as estimates
of incidence rate ratios, given the necessary pre-
sumption of steady-state and no effect of exposure on
disease duration [35].

Case follow-up study

Once the case group has been established, it also al-
lows to start a case follow-up study (Figure 1: no. 5)
to investigate potential determinants of the survival
(overall, disease-specific, relapse-free, etc.) of the
cases, as long as the case—control study included liv-
ing cases (and not only dead cases). In addition, it
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would allow to study risks of other diseases among
the cases. For diseases where population-based dis-
ease registries are not available, this approach can
offer population-based information on the prognosis
of the disease, if the case ascertainment was popula-
tion based. Even when the population-based disease
registries are available, this approach might still offer
some additional information. Compared to the rela-
tively limited data set of routinely collected cases in
population-based disease registries, the case follow-
up study allows to investigate several prognostic
factors, because the epidemiological information
collected within the frame of the case—control studies
usually goes far beyond the data collection in disease
registries. It allows to simultaneously investigate the
causal (or preventive) and prognostic effect of expo-
sures of interest. For example, Sweeney and Farrow
[36] found that smoking is not only a risk factor for
renal cancer but also a prognostic factor for the dis-
ease. A case—control study on the etiology of renal
carcinoma with a follow-up of the cases, therefore,
might give further insights into the role of smoking
regarding diseases risk and prognosis.

Owing to the observational nature of the case fol-
low-up study, the investigator has to carefully con-
sider the issue of confounding. Therefore, it is
necessary — as within the case cross-sectional study —
to characterize the case group with regard to all
known prognostic factors of the disease (e.g. stage,
location, morphology, comorbidity, treatment
modalities, etc.) to be able to adjust for potential
confounding. As has been mentioned in the context
of a case cross-sectional study, the majority of
prognostic factors may be available from the treating
clinicians so that the cases are not burdened with this
part of the study. However, when the follow-up is not
only a mortality follow-up but also a morbidity fol-
low-up, additional contacts with the cases after the
inclusion into the case—control study may become
necessary. The informed consent of the case—control
study should clearly state that the investigator is al-
lowed to collect additional prognostic data and may
re-contact the cases in the future.

Control follow-up study

The control group within a case—control study can
also be regarded as an epidemiologically well-de-
scribed cohort of subjects who are free of the disease
of interest at the inclusion in the study, as long as the
case—control study included living controls (and not
only dead controls). The follow-up of the control
group (control follow-up study, Figure 1: no. 6) al-
lows to prospectively study the association between
exposures and diseases that may occur in the future.
For this purpose, controls are divided into exposed
and unexposed subjects so that this follow-up study
includes an internal comparison cohort. The results

of this cohort may also be compared with an external
comparison cohort.

In addition, control subjects with diseases that do
not belong to the diseases of interest within the case—
control study can be followed over time and prog-
nostic factors can be investigated. To be able to
perform the case or control follow-up study, investi-
gators have to consider the following issues: (1)
additional data that are necessary for the follow-up
study may have to be collected, (2) the ethical review
board has to approve the study protocol, (3) study
participants have to be appropriately informed about
the follow-up, (4) data confidentiality issues have to
be considered: personal data have to be safely stored
over time in order to enable the re-contact of the
cases.

Jockel et al. [37] recently showed that a control
cross-sectional and control follow-up study within a
case—control study is feasible even under restrictive
data protection laws in Germany. They collected not
only interview data but also sampled blood and urine
samples from a second population-based control
group of their case—control study on the etiology of
lung cancer and used this group as a cross-sectional
population-based sample to investigate the incorpo-
rated concentrations of nickel, cadmium, chromium
from the urine samples and lead from the blood
sample [38]. In addition, they studied the association
between these metals and the rate of oxidative DNA
lesions in lymphocytes [39]. The informed consent
included the possibility to re-contact the controls in
future. It is planned to follow up this cross-sectional
population-based sample to estimate the predictive
value of the rate of oxidative DNA lesions on cancer.

There are several factors that may limit the sug-
gested approaches. First, if the sample size calcula-
tion of the case—control study is solely based on the
primary study questions within the context of the
case—control study, the analyses of the appended
studies may suffer from insufficient statistical power.
This occurs especially often within case-only studies
investigating gene—environment interaction. Second,
for some approaches additional data of the patient or
treating institution is necessary which may cost time,
person input and money and may overburden par-
ticipants of case—control studies. Third, appending
further studies to the case—control study may increase
the potential for data fishing if the study hypotheses
are not clearly stated a priori. Fourth, the anonymi-
zation of the personal data has to be postponed
especially in the context of case or control follow-up
studies. Study participants have to be appropriately
informed about the appended studies. Fifth, the plan
to re-contact cases or controls in the future may re-
duce the participation in the case—control study and
therefore may result in selection bias which is a threat
to the validity of the case—control study. In view of
the generally low response proportions of population
controls, investigators may first get experience with



the response proportion within the sole case—control
study before controls are also included in a control
follow-up study.

Due to this list of limitations, the attachment of

additional studies to case-control studies should be
carefully considered and limited to only few addi-
tional studies in order to avoid overburden of the
study participants and study personnel that may
jeopardize the main study. Investigators should also
trade off whether an independent study which may be
more expensive but may have the benefit of providing
better information should be preferred.
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