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Left truncation results in substantial bias of the relation
between time-dependent exposures and adverse events
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a b s t r a c t

Purpose: To assess the impact of random left truncation of data on the estimation of time-dependent
exposure effects.
Methods: A simulation study was conducted in which the relation between exposure and outcome was
based on an immediate exposure effect, a first-time exposure effect, or a cumulative exposure effect. The
individual probability of truncation, the moment of truncation, the exposure rate, and the incidence rate
of the outcome were varied in different simulations. All observations before the moment of left trun-
cation were omitted from the analysis.
Results: Random left truncation did not bias estimates of immediate exposure effects, but resulted in an
overestimation of a cumulative exposure effect and underestimation of a first-time exposure effect. The
magnitude of bias in estimation of cumulative exposure effects depends on a combination of exposure
rate, probability of truncation, and proportion of follow-up time left truncated.
Conclusions: In case of a cumulative or first-time exposure, left truncation can result in substantial bias in
pharmacoepidemiologic studies. The potential for this bias likely differs between databases, which may
lead to heterogeneity in estimated exposure effects between studies.

� 2015 Elsevier Inc. All rights reserved.

Introduction

The first-choice study design to assess the intended effects of
medical treatments is the randomized controlled trial. However, in
case of rare outcomes or adverse events a randomized trial may be
unfeasible. Therefore, studies on adverse events are often based on
observational data. An important potential limitation of observa-
tional studies is that the moment of initiation of treatment may not
be known accurately. One of the reasons for this is that to study rare
adverse events, researchers often use routinely collected health
care data.

The period covered by health care registry databases is typically
not the entire life span. For example, claims databases sometimes
have substantive changes in membership over time, as for example
employers may regularly change the insurer for their employees or
as eligibility for the insurance changes over time. In databases

containing delayed entry times left truncation may occur. Left
truncation occurswhen it cannot be accurately determinedwhether
exposure and/or events have occurred before study entry [1].

Left truncation of data can bias the results of studies [2e4],
particularly if the effect of exposure is not constant over time [5e7].
However, there are only few examples that quantify this problem
[2,3,8,9]. We aimed to illustrate in which situations left truncation
of data may bias exposure effects and to quantify this bias using
simulations.

Bias of exposure effects due to left truncation

The term left truncation of data applies to situations in which
subject information before cohort enrollment is unobserved. Obvi-
ously, because data are unobserved, they cannot be included for
analysis, which may bias estimates of exposure effects, if the risk of
the outcome is not constant and exposure changes over time [5,6].
We distinguish the following three temporal relations between
exposure and the risk of an adverse event: (1) an immediate (i.e., on
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or off) exposure effect; (2) a cumulative exposure effect; and (3) a
first-time exposure effect. These effects are illustrated in Figure 1.

An example of an exposure with an immediate effect is benzo-
diazepine use and the risk of a hip fracture (due to falling as a result
of dizziness): the effect of exposure is acute and transient (on or off
effect). In that case, the relation between exposure and outcome is
constant over time and left truncation of data will likely not result
in a bias of the exposure effect.

In case of a first-time exposure effect, the risk of an adverse
event is increased already the first time a subject is exposed. If an
adverse event occurs, it is unlikely that the drug is ever used
thereafter. For example, an allergic reaction to antibiotic exposure
typically develops within hours of the first or second use of the
antibiotic, which is then probably not used anymore afterward. In
case of left truncation of data, some of the first-time exposures may
be unobserved. Hence, the first exposure that is observed during
follow-up (but not necessarily the first exposure in life) may be
incorrectly classified as being the first exposure. Because subjects
who experienced an adverse event upon actual first exposure will
likely refrain from subsequent use, subjects who tolerate the drug
are overrepresented among those for whom a “first exposure” is
observed during follow-up. Hence, the event rate among “first
exposed” is underestimated and consequently the first-time
exposure effect as well. This effect has also been coined as
“depletion of susceptibles” and was evaluated previously in an
example of nonsteroidal anti-inflammatory drug use and upper
gastrointestinal bleeding [8].

A positive cumulative exposure effect means that the risk of an
event increases with increasing cumulative exposure. For example,
the risk of pancytopenia with methotrexate use increases with
cumulative use. In case of left truncation of data, the observed

cumulative exposure may be lower than the actual cumulative
exposure, because part of the exposure is not observed. Such
misclassification of cumulative exposure will then result in an
overestimation of the relation between cumulative exposure and
the risk of an adverse event.

The impact of left truncation in studies of cumulative or first-
time exposure effects may be limited by restricting the study
population to new users only [5e7]. However, often classification of
new users is based on the available data that are possibly left
truncated. To overcome this problem, researchers may define an
inception cohort, which consists of a selection of patients at risk for
developing a specific clinical outcome. Often a run-in period of
nonuse is defined, after which users are considered new users
[10,11].

The duration of the run-in period can have a large impact. For
example, Gardarsdottir et al. [9] showed that the length of the drug-
free interval before enrollment in an inception cohort can sub-
stantially influence the characteristics of the inception cohort, and
thus the observed relation between exposure and adverse events.
Thus, when conducting epidemiologic research using routinely
collected health care data that is subject to left truncation, con-
structing a cohort of new users to overcome bias due to left trun-
cation may not always be straightforward. It is therefore important
to understand to what extent left truncation may bias estimates of
exposure effects.

Methods

We used simulations to quantify the impact of left truncation of
data on time-dependent exposures. In contrast to studies using
empirical data, simulation studies allow investigators to change

Fig. 1. Examples of an immediate exposure effect, a cumulative exposure effect, and a first-time exposure effect.
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