
Introduction
In the epidemiologic methods literature, the term ‘selection bias’ is typically used to 
describe collider-stratification bias.1

Yet, many investigators who conduct comparative drug safety and effectiveness research 
use the term inconsistently when describing other phenomena that lead to bias in, or lack 
of generalizability of, observational research findings.
We set out to survey the past five years of comparative drug safety and effectiveness 
literature and enumerate the various uses of the term ‘selection bias’ in studies using 
secondary healthcare databases.

Methods
A search of PubMed for observational studies featuring the following terms appearing in 
the title, abstract, or body was performed for publication dates between 01 January 2011 
and 31 December 2015: selection bias AND (comparative effectiveness OR comparative 
effectiveness research OR comparative safety).
Review articles or studies not involving medications or secondary data sources, of non-
English language, of randomized trials, or involving non-human subjects were excluded.
The authors reviewed each eligible article and characterized the usage of the term 
‘selection bias’ according to the following classifications.

Generalizability
Generalizability refers to the ability to generalize, or transport, findings from one study 
population to another. Framed as external validity in a statistical sense,2 it relates closely 
to the concept of effect modification or treatment effect heterogeneity,3 in which effect 
estimates may vary due to differential distributions of effect modifiers in their respective 
study populations.
The directed acyclic graph (DAG) in Figure 1 illustrates this concept.4 It should be noted 
that generalizability does not threaten internal validity and, as such, is not a form of bias.

Figure 1. Generalizability.

Confounding (at Baseline)
Confounding of a treatment effect exists when both treatment and outcome share a 
common cause (e.g., disease severity).  In observational studies, this bias often arises in 
the form of confounding by indication, where factors influencing treatment choice also 
affect disease prognosis.
The DAG in Figure 2 illustrates this form of systematic bias that impacts on estimation of 
treatment effects.

Figure 2. Confounding at baseline.

Collider-Stratification Bias
‘Selection bias’ is the result of conditioning on a common effect (i.e., a collider) of two or 
more causes (e.g., treatment and health-seeking behavior), which induces collider-
stratification bias.  A typical example of this from of systematic bias is differential loss-to-
follow-up, perhaps due to differential survival resulting from both treatment and confounder 
effects.
Figure 3 illustrates this concept, though other structural constructs may be realized from 
other forms of collider-stratification bias.5

Figure 3. Collider-stratification bias.
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Results
The initial search yielded 118 peer-reviewed articles, of which 43 met the 
inclusion criteria. 

Figure 4. Search results and article selection.

Most authors (n=27, 62.8%) mentioned ‘selection bias’ in the Methods section of the study 
articles when addressing the potential source of bias analytically. The remainder (n=16, 
37.2%) mentioned the term in the Discussion section.

Table 1. Characteristics of Reviewed Articles (n=43)

Of the 43 articles reviewed, the vast majority (79%) referred to bias due to confounding at 
baseline when using the term ‘selection bias’.

Figure 5. Review determinations (n=43)

We were unable to categorize use of the term in 3 (7%) of the 43 articles reviewed due to 
ambiguity regarding the phenomenon to which it referred.
Of 4 articles appearing in health economics and outcomes research-, or 
pharmacoepidemiology-focused journals, only 1 (25%) used the term to describe collider-
stratification bias.

Conclusions
Despite agreement in the epidemiology methods literature that the term ‘selection bias’ 
refers to collider-stratification bias, comparative drug safety and effectiveness researchers 
continue to use the term to describe other phenomena that may lead to biased or non-
generalizable treatment effect estimates.  
Inconsistent use of terminology might lead to methodological misunderstandings and 
conflicting interpretations of research findings.
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A, treatment; Y, outcome of interest; Q, vector of patient characteristics serving 
as modifiers of the effect of A on Y.
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A, treatment; Y, outcome of interest; S, conditioning factor such as survival;
C, vector of patient characteristics influencing both survival and the outcome.
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A, treatment; Y, outcome of interest; C, vector of common causes of both 
treatment choice and outcome.

Study Characteristic

Year Published

N (%)

2011 7 (16.2%)
2012 8 (18.6%)
2013 11 (25.6%)
2014 11 (25.6%)
2015 6 (14.0%)

Data Type
Medical recordsa 23 (53.5%)
Claims 6 (14.0%)
Linkedb 7 (16.2%)
Registry 3 (7.0%)
Other 4 (9.3%)

a Electronic medical, or paper-based.
b Includes surveillance, epidemiology and end results-Medicare data.


