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Abstract

Purpose of Review—We review the application and limitations of two implementations of the 

“case-only design” in injury epidemiology with example analyses of Fatality Analysis Reporting 

System data.

Recent Findings—The term “case-only design” covers a variety of epidemiologic designs; here, 

two implementations of the design are reviewed: (1) studies to uncover etiological heterogeneity 

and (2) studies to measure exposure effect modification. These two designs produce results that 

require different interpretations and rely upon different assumptions. The key assumption of 

case-only designs for exposure effect modification, the more commonly used of the two designs, 

does not commonly hold for injuries and so results from studies using this design cannot be 

interpreted. Case-only designs to identify etiological heterogeneity in injury risk are interpretable 

but only when the case-series is conceptualized as arising from an underlying cohort.

Summary—The results of studies using case-only designs are commonly misinterpreted in the 

injury literature.
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Introduction

Retrospective designs that compare cases to comparison groups are well suited to injury 

epidemiology for two important reasons: injury outcomes are rare at the population level, 

meaning prospective study is often infeasible; and the latent period between putative causes 

and injury outcomes is often very short, so it is justifiable to assess exposure and outcome 

status at the same time. The term “case-only design” has been applied to a wide variety 

of retrospective study designs, two of which, the case-only design to investigate etiological 

heterogeneity [1] and the case-only design to measure exposure effect modification [2, 3], 

have been frequently used in injury epidemiology (for instance, see [4–11]). These two 

designs, also called case-series, case-case or case2 studies, share a common design strategy, 

in which a case-series is stratified into two or more case groups, which are then compared 

in regard to some putative predictor variable [1, 2, 12]. The variable used to stratify the 

case-series into sub-groups is the dependent variable in the case-only analyses [1, 2]. For 

instance, in a case-series of automobile crashes, data on blood alcohol levels of drivers 

can be used to divide crashes into those with drivers under the influence of alcohol and 

those with drivers who were not [13]. Logistic regression analyses are then performed 

to determine whether predictor variables (e.g., age of driver) are associated with one or 

other of the two automobile crash sub-types. These two case-only designs are attractive for 

injury epidemiology because of the difficulties in selecting controls and gathering data on 

exposures of interest for injury, which are often of a sensitive nature, such as alcohol and 

drug use, risk-taking behaviors, mental health issues, and adverse life events [14, 15].

Because the phrase “case-only design” has been used in the literature to refer to a variety 

of different designs, the reader is cautioned to distinguish these two designs from other 

designs sometimes referred to as “case-only designs.” Other designs sometimes referred 

to as “case-only” are case-series that are observed at two time points for exposure status 

(AKA, case-crossover, self-controlled case series, self-controlled risk interval) or a case-

series study in which the proportion of exposed cases is so large, it obviously differs 

from the general population (e.g., chimney sweeping among scrotal cancer patients) [16]. 

Furthermore the two designs reviewed here are both referred to in the literature as “case-

only designs” and employ similar regression-based analytical approaches, but they generate 

statistical parameters calling for different interpretations [1, 2, 17]. Furthermore, the odds 

ratios (ORs) generated from the case-only regression analyses used in these two designs 

carry very different meanings than the OR parameters estimated by the case-control or 

cohort analyses [1, 2, 18]. Here, we review the case-only design to investigate etiological 

heterogeneity [1] and the case-only design to measure exposure effect modification [2, 3]. 

We describe the value of each design and then describe how each may be used in injury 

epidemiology, providing example analyses of Fatality Analysis Reporting System (FARS) 

data on pedestrian fatalities.
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How to Interpret Results From These Two Case-Only Designs

To clarify interpretations of case-only parameters, it is worth reviewing why case-control 

studies offer estimates of causal effects. Case-control studies are valid and interpretable 

because they can be interpreted as stratified selection from an underlying cohort, and so have 

the potential to produce unbiased estimates of causal effects of risk factors on outcomes. If 

done correctly, with samples of cases and controls properly chosen to represent the target 

population that the study is intended to reflect, case-control studies can be seen as efficient 

versions of larger, and often time- and resource-prohibitive, cohort studies [3, 19, 20]. It 

is understood that odds ratios from case-control studies are valid estimates of risk ratios 

or rate ratios that would have otherwise been estimated from a cohort study that generated 

the same case-series as analyzed in the case-control study [3]. Estimates identified in case-

control studies generalize to the population when the case and control samples represent the 

exposure history of cases and controls in a broader target population of interest.

To be interpretable, the two case-only designs reviewed here must be understood to utilize 

the same case-series that otherwise would have been utilized in a case-control study, or if 

the case-control study were nested in an extant cohort, the case-series that would have been 

generated from the cohort [1–3, 18]. However, the odds ratio estimated by these case-only 

designs does not estimate the causal effect of a risk factor on an outcome: to accomplish 

this, an epidemiologically sound control series is required. The estimand in these two 

case-only design depends on the type of variable used to stratify or group the case-series. 

In case-only studies of etiological heterogeneity, the stratifying variable describes some 

inherent characteristic of case-ness that does not have a logical or comparable value for 

non-cases [1]. In the case-only study of exposure effect modification, the stratifying variable 

can be used to describe both cases and non-cases and could be analyzed as a risk factor for 

the overall outcome in a full cohort or case-control study [2, 3]. Figure 1 provides a flow 

chart for conducting and interpreting case-only designs. Discussions of the results of case-

only analyses in injury epidemiology rarely state the hypothesis being tested by the design 

and rarely relate the estimated case-only OR to the OR that would have been estimated 

in case-control analyses of the case-series under investigation. As such, we argue that the 

results of these two case-only designs are commonly misinterpreted in injury epidemiology.

Etiological Heterogeneity

The case-only study of etiological heterogeneity tests whether a risk factor has a different 

causal effect for one case-subtype compared to another case-subtype [1]. It can be used 

to identify potential mechanisms that may explain how different forms of an outcome 

come about [1]. It cannot, however, determine population-level risk of first experiencing or 

contracting those outcomes [1, 12].

Begg and Zhang originally described this design in their study of smoking’s influence on 

whether a patient had one sub-type of bladder cancer verses another subtype [1, 21]. In this 

study, cases were classified into two groups based on the presence or absence of a mutation 

in the p53 gene in the tumor tissue, a classification that had no meaning for controls, as by 

definition controls have no bladder tumor tissue. Begg and Zhang showed that the odds ratio 
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(OR) for smoking on p53+ status from the case-only design, θCase-Only, was equivalent to 

the ratio of two case-control ORs for smoking estimated from a full case-control study: the 

OR when p53+ cancer cases were compared to controls, θ1, and the OR when p53- cancer 

cases were compared to controls, θ2.[1] That is, θCase-Only = θ1/θ2.

A logistic regression model predicting tumor p53+ status based on smoking among cases 
only is:

log[P(Y)/(1 − P(Y))] = α + βXi (1)

where Y represents a case with the p53 mutation and Xi represents whether subject i was 

a current smoker and eβ = θCase-Only = θ1/θ2, which can equivalently be estimated from 

the case-only analyses or case-control analyses of the same case series. The exponentiated 

coefficient from the case-only model is interpreted as describing the extent to which an 

exposure differs in its effect on one subtype of cases compared to another, a phenomenon 

described as etiological heterogeneity [1]. The case-only odds ratio, eβ, only reflects the 

extent to which there is a difference in the effect of an exposure between the two subtypes 

of cases. It does not provide information about the effect of smoking on the risk of getting 

bladder cancer. An eβcase-only = 2 could indicate that θ1 = 2 and θ2 =1 or that θ1 = 3 and 

θ2 =1.5 or even θ1 = 1 and θ2 =0.5; thus, it informs us on the ratio of θ2 to θ1 but not the 

values of θ2 and θ1 [1].

The rationale for controlling for covariates in a case-only design of etiologic heterogeneity is 

similar to that in a traditional case-control or cohort study; there is a class of variables 

that if uncontrolled for will cause bias in the estimate of the case-only OR for the 

exposure of interest. Such variables are similar to traditional confounders in that they are 

associated with the exposure variable of interest, but to “confound” a case-only study of 

etiologic heterogeneity and create an omitted variable bias, they must also show etiologic 

heterogeneity for the sub-grouped outcomes in question. If adjustment for a potential 

confounder causes a similar attenuation for both θ1 and θ2, such as with θ1 being attenuated 

from 4 to 3 after adjustment and θ2 being attenuated from 2 to 1.5, their ratio may be 

unchanged (with θ1/θ2 remaining 2 both before and after adjustment in this case).

Exposure Effect Modification

The case-only study of exposure effect modification tests whether one exposure modifies 

the effect of another exposure (or an intrinsic characteristic of the study participant such as 

age) [2, 3, 18]. This design measures the extent of multiplicative interaction between two 

exposures that would otherwise be estimated using a case-control or cohort study, under the 

assumption that there is no association between the two exposures in the underlying source 

population (the independence assumption) [2, 3, 18]. If the independence assumption does 

not hold, the univariate OR from a case-only analysis of exposure effect modification is not 

interpretable. An advantage of the case-only design is that, if the independence assumption 

holds, it provides a more statistically efficient estimate of the multiplicative interaction 

term than would otherwise be generated from case-control analyses of the same case series 

[2]. This design was first described in the context of gene-by-environment interactions, 

where the independence assumption was thought to commonly hold [2, 3, 18]. Examples 
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are case-only studies of the interaction between the N-acetyltransferase 2 (NAT-2) genetic 

polymorphisms and cigarette smoking on bladder cancer risk [17]. Its utility has expanded 

to include interactions between other pairs of risk factor variables including gene-by-gene 

and environment-by-environment. Unlike case-only studies of etiological heterogeneity, 

case-only designs for estimating exposure effect modification use variables that measure 

exposures and/or characteristics observable in both cases and controls [3, 18].

In the underlying population from which cases arise, two risk factors (e.g., the NAT-2 

genetic polymorphism and cigarette smoking) may interact to affect the odds of an outcome 

(e.g., bladder cancer). If so, the population may be modeled by Eq. (2):

log[P(Y)/(1 − P(Y))] = α + β1X + β2Z + β3X*Z (2)

A cohort or case-control study could be devised to estimate such a model, since X and Z can 

be observed in both cases and controls or in an entire cohort. For example, X may represent 

a gene (e.g., NAT-2) that modifies the effect of an environmental or behavioral risk factor, Z 

(e.g., smoking) on disease risk (e.g., bladder cancer) [17].

Using a case-only design, we could estimate the effect modification of X on Z based on 

predicting the presence of X among cases based on Z under the assumption that X and Z 

are conditionally uncorrelated among (unobserved) controls. From the example of bladder 

cancer risk, the OR for the association between NAT-2 genetic polymorphism status (X) 

and cigarette smoking status (Z) among cases was calculated [17]. In the Eq. (3) below, 

implemented among cases only, γ1 is equivalent to β3 in Eq. (2):

log[P(X)/(1 − P(X))] = γ0 + γ1Z (3)

The rationale for controlling for covariates in a case-only study of exposure effect 

modification is very different from the rationale for controlling for covariates in a cohort 

or case-control study [18]. In circumstances where X and Z are associated in the underlying 

population, covariate control can be used in case-only analyses to establish conditional 

independence between X and Z, so that a non-biased estimate of the magnitude of effect 

modification between X and Z can be generated [18]. In practical terms, this means 

conceptualizing why X and Z are associated in the underlying population and identifying a 

variable(s), M, such that X and Z are independent, conditional on M [18]. This variable(s) 

M is then included in the case-only analysis as a covariate, with case-only logistic regression 

model taking the form of log[P(X)/(1−P(X))] = γ0 + γ1Z + γ2M; however, the OR for M is 

not of interest itself and is not interpretable.

A multivariate case-only analysis that includes multiple covariates, e.g., Z1, Z2, …, Zk, each 

conceptualized as an exposure, would generate a series of corresponding ORs measuring 

the effect modification of each Zk on X. A case-only logistic regression model of the form 

log[P(X)/(1−P(X))] = γ0 + γ1Z1 + γ2Z2, where Z2 is another exposure, estimates the X*Z1 

and X*Z2 interaction terms from the model log[P(Y)/(1−P(Y))] = α + β1X + β2Z1 + β3Z2 + 

β4X*Z1 + β5X*Z2 fit in a case-control study, where X and Z1, and X and Z2, are assumed to 

Rundle et al. Page 5

Curr Epidemiol Rep. Author manuscript; available in PMC 2023 May 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



be unassociated in the general population. Practically, however, interpreting multiple effect 

modifiers of X quickly becomes unwieldy.

Implications for Case-Series Analyses in Injury Epidemiology

When these two case-only designs are implemented in injury epidemiology, we argue, 

the analyses are commonly misinterpreted, most notably because researchers overlook 

the independence assumption required for the case-only studies of effect modification. 

Considering alcohol consumption as a risk factor for pedestrian fatality, a case-only study 

with the driver’s alcohol status as the stratifying variable tests a completely different 

type of hypothesis than a case-only study with pedestrian alcohol consumption as the 

stratifying variable [22–28]. In the context of these two options for stratifying a case-series 

on alcohol involvement, Supplemental Fig. 1 illustrates the relationship between case-only 

and case-control analyses for etiologic heterogeneity and Supplemental Fig. 2 illustrates the 

relationship between case-only and case-control analyses for multiplicative interaction. The 

rest of this section illustrates the application of these two case-only designs using analyses 

of 2017 and 2018 FARS data. Table 1 shows the results of two case-only analyses of the 

association between pedestrian age and two groups of pedestrian fatalities, one stratifying 

based on the driver’s alcohol status and the second stratifying on the pedestrian’s alcohol 

status.

In the first analysis, the stratifying variable is whether the driver involved in the accident 

was identified as a “drinking driver” (based either on police reports or a positive alcohol 

test) [29]. Driver alcohol-involvement can be used to stratify the pedestrian fatality case-

series, but cannot logically be used to stratify or describe non-cases, i.e., individuals in the 

underlying case-control study that were not killed by an automobile. Thus, this case-only 

analysis is a test of etiological heterogeneity, that is, whether the age of the pedestrian is 

differentially associated with being killed by a drunk versus sober driver. Alternatively, if 

this case-series was analyzed within a case-control design, two sets of OR for the effect of 

age group on fatality risk would be calculated. The first would be calculated comparing the 

age distribution of pedestrians killed by drunk drivers to the age distribution of controls, 

and the second would be calculated comparing the age distribution of pedestrians killed by 

sober drivers to the age distribution of controls. The ratio of these two sets of OR for the 

age groups would equal the OR generated for age from case-only analyses of the case-series 

alone (see Supplemental Fig. 1).

The results from the first case-only analysis suggest that the effect of age on risk of 

pedestrian fatality is similar for crashes involving a drunk driver compared to crashes 

involving sober drivers, up until the age of 60+ years. These analyses suggest that compared 

to those age 16 to 20 years old, individuals age 60 years or older are less likely to be killed 

in a crash involving a drunk driver than a crash involving a sober driver. However, these 

analyses do not provide evidence that this older age group is at lower risk for pedestrian 

fatality overall. Further adjustment for pedestrian sex and race does not materially alter the 

ORs for age groups, because, after adjustment for age and each other, sex and race do not 

show substantial etiologic heterogeneity for the two pedestrian fatality sub-groups.
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In the second analysis, the case-series could be conceptualized as part of a case-control 

study in which the alcohol status of control pedestrians is assessed [14]. Thus, this case-only 

analysis is a test of exposure effect modification. Matched controls could be enrolled, with 

data collected on whether they were walking outdoors and had recently consumed alcohol 

at the time when the case was killed [14]. These controls would allow estimation of the 

prevalence of individuals walking while under the influence of alcohol in the population 

from which the cases series arose, allowing a valid test of the association between walking 

while under the influence of alcohol and pedestrian fatality risk [3, 14, 20]. This case-

control study could also assess multiplicative interactions between other exposures or study 

participant characteristics, in our example the age and alcohol consumption status of the 

pedestrian. The interaction effect would express the extent to which the effect of consuming 

alcohol and walking on the odds of being fatally struck by a car depends on the pedestrian’s 

age.

When the case-series is analyzed using a case-only approach, the OR estimates the extent 

of multiplicative exposure effect modification between the pedestrian’s alcohol consumption 

status and the age of the pedestrian. The estimated case-only univariate odds ratios from 

the FARS data in Table 1 suggest that, in a full case-control analysis, all of the age group 

× pedestrian alcohol status interaction terms, except for the 60+ age group, would be 

significantly different from 1. That is, the effect of walking after consuming alcohol on 

the odds of being fatally struck by a car depends on the age of the pedestrian. Critically, 

this interpretation of the analysis depends on the assumption that alcohol consumption and 

pedestrian age are not associated in the general population [2, 3]. However, survey data on 

alcohol consumption across age groups suggests that this independence assumption does not 

hold [30]. Thus, it is unlikely that the univariate OR generated in the case-only analyses of 

the FARS can be interpreted as reflecting valid estimates of exposure effect modification.

Valid interpretation of results from case-only studies of exposure effect modification 

requires careful attention to this independence assumption—the assumption that the 

two exposures of interest are unassociated in the source population [2, 3, 18]. The 

original formulation of case-only studies of exposure effect modification focused on gene-

environment interactions, for which the assumption of gene and environment independence 

in the source population, is often plausible [2, 3, 18, 31]. However, many of the variables 

used to subset injury case series for case-only analyses of exposure effect modification 

are socially patterned (e.g., alcohol use) or are associated with social patterning of 

behaviors (e.g., sex, age, race, mental health). Thus, it seems unlikely that the independence 

assumption will commonly hold in case-only studies of effect modification in injury risk. 

Moreover, establishing conditional independence in case-only data analyses by controlling 

for a variable(s) that explains the association between the two exposures is likely to be 

difficult to do in practice [18]. In our example analyses of FARS data, it is difficult to 

conceptualize all of the variables that might explain associations between age and alcohol 

consumption in the general population. Furthermore, like many hospital series or registries 

used in injury epidemiology, the FARS includes very limited data on the personal or 

behavioral characteristics of cases that can be used as covariates in a case-only analysis.
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Thus, it is likely that the OR generated from many injury case-only studies are 

uninterpretable due to violations of the independence assumption, even after conditioning 

on available covariates. Among case-only studies we found that compare pedestrians injured 

or killed while under the influence of alcohol to pedestrians injured or killed while sober, 

none interpreted their results within an underlying cohort or case-control framework [22–

28]. In addition, none of those studies placed their results within the context of estimating an 

exposure effect modification or noted the independence assumption [22–28]. These critiques 

apply more broadly to the use of these two case-only designs in injury epidemiology: 

these studies rarely state the hypothesis being tested by the design (i.e., exposure effect 

modification or etiological heterogeneity), nor do they relate the estimated case-only OR 

to the OR that would have been estimated in case-control analyses of the case-series under 

investigation. For example, Table 2 relates the designs of ten recent, purposively selected, 

case-only studies from the literature to the principles discussed here. Two can be classified 

as studies of etiological heterogeneity. The rest are studies of exposure effect modification; 

among most of these studies, the independence assumption is unlikely to hold.

Conclusion

The case-only designs reviewed here are commonly used in injury epidemiology research, 

but in practice these analyses and their interpretation have not been rigorously connected 

to the epidemiologic study design literature. Discussions of the results of these two types 

of case-only studies in injury epidemiology rarely state the type of hypothesis being tested 

by the design (whether effect modification or etiologic heterogeneity) and rarely relate the 

estimated case-only OR to the OR that would have been estimated in case-control analyses if 

appropriate controls were available for the case-series under investigation. As such, we argue 

that these case-only studies in injury epidemiology are commonly misinterpreted, and the 

underlying assumptions are not stated in a way that supports critical assessment.

When the research goal is to understand distinct causal pathways relevant to injury 

prevention, case-only studies of etiological heterogeneity may have utility. However, results 

from such studies should be considered hypothesis-generating and further investigated in full 

cohort, case-crossover or case-control studies that can estimate causal effects. Conversely, 

because the independence assumption is unlikely to hold for many of the putative causes 

of injury, case-only studies of exposure effect modification are unlikely to be interpretable. 

When such studies are conducted, the researchers should (1) directly address the likely 

validity of the independence assumption; (2) conceptualize and describe causes of non-

independence; and (3) establish conditional independence through inclusion of appropriate 

covariates in case-only regression analyses. Absent these steps, case-only designs that test 

for exposure effect modification are unlikely to be useful for understanding the etiology of 

injuries or for designing interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow chart for conducting and interpreting a case-only analysis
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