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I am planning a study to evaluate the relation-
ship between infection and mechanical ventilation. 
Because we are interested in a time-to-event out-
come, I am wondering whether there is a potential 
risk of introducing immortal time bias and how to  
avoid it. 

In studies with a time-to-event (survival) outcome, 
immortal time refers to a period of follow-up during 
which, by design, death or the event of interest can-
not occur.1,2 In general, immortal time could happen in 
an exposure/treatment group if the subjects need to 
be followed long enough to experience an exposure 
or receive a treatment and be event-free prior to the 
exposure/treatment. 

1. The immortal time bias

Figure 1 is a graphical illustration of immortal time. 
Each blue horizontal bar represents a subject, and the 
ones with an arrow on the right are those who have not 
experienced an event, while those with a vertical line 
are those who had experienced an event at the end of 
the follow-up. For the unexposed group, an event can 
occur any time after the start of the follow-up period. 
However, for the exposed group, an event cannot 
occur before the start of the exposure/treatment, 
otherwise, the subjects with an event prior to the 
exposure/treatment, by definition, are included in the 
unexposed group. In other words, the event-free time 
for the exposed group cannot be shorter than the 
interval between the start of the exposure and the 
start of follow-up. As a result, the average event-
free time for the exposed group is longer than that 
for the unexposed group, even when the exposure/ 
treatment has no effect. 

Since its first identification in the 1970s, immortal 
time bias has become a well-known bias and several 
studies have shown that results from observational 
studies can be invalid if immortal time bias is not 
accounted for.3,5–8

2. The demonstration of immortal time bias

Dated back to 1885, there were suggestions 
that Popes seem to live longer than artists, and an 

Figure 1.  An illustration of immortal time. Each blue 
horizontal bar represents a subject, and the ones with 
an arrow (or a vertical line) on the right are those 
without (or with) an event at the end of follow-up. 
For the unexposed group, an event can occur any 
time after the start of follow-up (orange arrow); for 
the exposed group, an event cannot occur before the 
start of exposure (green arrow; differ slightly among 
individuals), and the horizontal bars in red represent 
the immortal time.
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intuitive explanation is that an individual must survive 
long enough to become a Pope, compared to becom-
ing an artist.4

In cohort studies as illustrated in Figure 1, the 
primary analysis is often to evaluate the association 
between the exposure/treatment and the occurrence 
of the event of interest. In general, survival data anal-
ysis methods, such as the Cox regression model, are 
commonly used. 

When the determination of a subject’s exposure/
treatment status involves a delay or wait period after 
the start of follow-up, immortal time bias arises. Here 
are two of the analytic methods that do not appropri-
ately account for such a bias.

2.1 Grouping subjects by future  
exposure/treatment status

Specifically, subjects will be grouped by whether 
they experience an exposure during the follow-up 
period. Due to the observational nature of the study 
(Figure 1), subjects who did not live long enough 
to experience an exposure will be automatically 
included in the unexposed group. Therefore, the 
average event-free time will be artificially short-
ened for the unexposed group, compared to that for 
the exposed group. In other words, only those who 
live long enough are eligible to be included in the 
exposed group; this is analogous to the suggestion 
that Popes live longer than artists, because even 
if there were no exposure/treatment benefits, the 
exposed group would have longer average event-
free time.

It is worth noting that for subjects in the exposed 
group, prior to the exposure/treatment, their status 
was considered misclassified as “exposed”, and this 
is an alternative interpretation of the bias mentioned 
above. Should the exposure/treatment occur at the 
start of follow-up without delay, such a bias would not 
exist, nor the immortal time. 

Immortal time bias is a bias originated from study 
design; it cannot be completely removed by artificially 
excluding the period of immortality.  

2.2 Exclude the period of immortality

While classifying subjects based on their future 
exposure introduces bias, excluding the period of 
immortality also introduces bias. Some studies sim-
ply redefine the start of follow-up as the start of the 
exposure. However, this cannot completely remove 
the immortality time bias, because, for example, if 
a disease has a higher early event rate, and if the 
period of immortality is excluded from the data anal-
ysis, then subjects in the unexposed group would be 
followed earlier than those in the exposed group.7 
Consequently, the event rate in the unexposed group 
would be higher than that in the exposed group.

3. Methods accounting for immortal time

There are different analytical methods to account 
for immortal time. 

3.1 Time-dependent exposure analysis

Immortal time can be accounted for by introduc-
ing a time-dependent variable to define the exposure 
status of each subject.1,8 This is perhaps the most 
efficient way to account for immortal time. A time- 
dependent variable is a predictor whose value is 
allowed to change over the follow-up period. For exam-
ple, for subjects in the exposed group, the exposure 
status could be defined as “no” before experiencing 
the exposure, and then be changed to “exposed” after 
experiencing the exposure/treatment. For subjects in 
the unexposed group, the exposure status can always 
be “no” from the start to the end of the follow-up. In 
this way, the exposure status can be more accurately 
defined in data analysis. Note that this method can 
also accommodate situations in which the exposure 
status changes multiple times within a subject during 
the follow-up period. Many statistical software pack-
ages can be used for modeling time-dependent varia-
bles, including SAS, SPSS, Stata and R.

3.2 Matching

To implement matching, it is required that, at the 
design stage, an unexposed subject must be alive at 
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the time at which the matching exposed subject is to 
experience the exposure.1,8 By doing this, the differ-
ence in follow-up time between the unexposed and 
the exposed group can be mitigated. Under match-
ing, the start of the follow-up becomes the start of the 
exposure, and the time between subject accrual and 
exposure is balanced for the matched unexposed 
and exposed subjects. Note that the disadvantage 
of matching is that subjects who have experienced 
an event earlier are unlikely to be included in the  
analysis.

3.3 Landmark approach

The exposure status of both the unexposed 
and exposed groups is determined at a certain pre- 
specified point in time (landmark).1 This time will be the 
same for all subjects and be used as the start of the 
follow-up period. Like matching, many of the subjects 
might not be included in the data analysis, depending 
on the pre-specified time. On the other hand, if the 
pre-specified time is far ahead of the average exposure/
treatment starting time, then the immortal time bias 
might not be fully accounted for. 

4. Other considerations

The immortal time bias does not apply to an 
intention-to-treat analysis in a randomized controlled 
trial.1 In a randomized trial, although it is possible that 
the exposure/treatment starts sometime after base-
line, subjects who are randomly assigned to the expo-
sure/treatment group will be treated as “exposed” 
regardless of whether they have experienced an event 
prior to the planned exposure/treatment. Sometimes 
the exposure/treatment status of certain subjects can 
change during a trial; however, these changes will be 
ignored in data analysis to preserve the benefit of ran-
domization and to provide an unbiased estimate of 
the efficacy of the intervention at the level of adher-
ence in the study.

While it is well known that bias can arise due to 
confounding in an observational study, the magnitude 
of immortal time bias can be greater. For example, if 

the duration of the immortal time is large, then it could 
lead to greater bias in the analysis. In addition, unlike 
confounding, immortal time bias often results in inflated 
exposure/treatment effect, and these positive results 
are easier to publish. Immortal time bias is particularly 
important for studies evaluating COVID vaccines as 
the vaccination process is not instantaneous, but takes 
weeks to complete. For some vaccines, two separate 
injections separated by 14 days are required, and there 
is also the uncertain period for 14 days following the 
second injection. Boosters have further complicated 
the immortal time bias of COVID vaccination status. 
During the vaccination process, the status of the indi-
vidual is neither unvaccinated nor fully vaccinated, so 
the analysis can be quite different if these patients are 
included with the vaccinated or the unvaccinated.  

In conclusion, in observational studies, immortal 
time bias arises when there is a delay or wait period 
before a subject’s exposure/treatment status can be 
determined. To avoid such a bias, the exposure/treat-
ment should start at the beginning of the follow-up. 
Should a delay or period of immortality be not avoid-
able, analytical methods are available to account for 
such a bias, including using a time-dependent expo-
sure analysis, matching, and the landmark approach. 
Note that although these methods can account for 
immortal time bias, there might be other limitations. 
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