
Detecting Selection Bias in Observational Studies—
When Interventions Work Too Fast

Observational studies have an important role in ad-
vancing medical knowledge. They may clarify the inci-
dence and prevalence of disease, provide useful infor-
mation on natural history and prognosis, and facilitate
the development of clinical risk scores. However, when
it comes to assessing the efficacy of interventions, such
as surgeries, drugs, medical devices, or radiotherapy, ob-
servational studies have well-recognized limitations. Ob-
servational studies can find associations, not cause-and-
effect relationships. If misapplied, the findings of
observational studies may lead to overuse, as well as un-
deruse, of medical interventions. To validate the find-
ings of observational studies, randomized clinical trials
are often needed.

Attempts have been made to improve the reliabil-
ity of observational research regarding causal in-
ferences, including the development of target trial
framework1 and the inclusion of falsification end points.2

The target trial emulation method asks investigators to
formulate their research question as a hypothetical ran-
domized clinical trial. Typically, there are a logical and
clear enrollment period and rules. In some cases, such
as the association of steroids with mortality related to
COVID-19, targeted trial emulations have faithfully rep-
licated the results of randomized clinicaltrials.3 Falsifi-
cation end points are outcomes that are considered
unlikely to be associated with a therapy but reveal per-
sistent confounding. If these end points are prespeci-
fied and null, it strengthens the case for an inference that
the intervention is associated with the outcome of in-
terest. For example, COVID-19 vaccination should be as-
sociated with lower rates COVID-19–related deaths but
have no association with the rates of car crashes. Imbal-
ances in car crashes between groups in a study of the ef-
fects of COVID-19 vaccination would suggest residual
confounding in the observational data set.

Early separation of the Kaplan-Meier curves is
another mechanism for detecting residual confound-
ing in observational studies. The Kaplan-Meier survival
curve is a graphical representation of time-to-event
end points and allows for maximal use of each partici-
pant's time-related data. In a Kaplan-Meier analysis,
participants contribute to the survival estimate until
the event of interest occurs (eg, death, progression
of disease) or until they are censored (eg, loss to
follow-up or mandatory data lock).

Many interventions cannot work immediately. For
example, vaccinations may take 1 to 2 weeks to elicit an
immune response and show therapeutic efficacy. After
surgical interventions aimed at reducing long-term com-
plications from a procedure, differences in outcomes
may not emerge for weeks. However, sometimes ob-
servational studies of such interventions show a clear

separation of Kaplan-Maier curves for outcomes, such
as overall survival or hospitalizations, within the first day
of follow-up. It is biologically inconceivable for such an
effect to take place. Instead, the results suggest re-
sidual confounding. Examples include the association of
bisphosphonates with mortality4 and the effect of geri-
atrician involvement following serious traumatic injury,5

among others.6 The Figure shows a visual representa-
tion of this construct, in which the curves separate from
the beginning of the follow-up period.

Three recent examples illustrate the importance of
recognizing situations in which apparent clinical ben-
efits may accrue too fast. First, in an observational study
of COVID-19 booster vaccinations, researchers exam-
ined the efficacy of a fourth vaccine dose on mortality.7

Although the study found a reduced risk of death asso-
ciated with a fourth vaccine dose, the Kaplan-Meier
curves begin to separate on day 8 after vaccination.
Given that COVID-19 boosters do not immediately acti-
vate the immune system and protect against COVID-19
infection, and that the time from contracting COVID-19
to death is often days or weeks, a clinical benefit that be-
gins 8 days after vaccinations seems implausibly early.
Perhaps the people who promptly sought out the fourth
vaccine dose were more health conscious, took more
precautions against COVID-19, and were healthier than
those who received the fourth vaccine dose later or did
not receive it at all.

Second, consider an observational study that com-
pared patients with lymphoma receiving chimeric anti-
gen receptor T-cell (CAR-T) therapy as part of a clinical
trial with a historical cohort of patients receiving stan-
dard-of-care salvage chemotherapy.8 Although CAR-T
therapy has been transformative for patients with lym-
phoma, the therapy requires time to manufacture. More-
over, in the initial days after therapy, patients are vul-
nerable to the cytokine release syndrome, a runaway
immune response which may lead to severe illness and
death. When compared retrospectively with chemo-
therapy, CAR-T therapy appeared to show benefit with
the Kaplan-Meier curves for patient survival separating
at day 0, with a clear difference in survival observed
within the first few weeks of follow-up. However, such
a finding is implausible for a CAR-T therapy with its
method of delivery, action, and risk of early treatment-
related mortality. A more likely explanation is that the
patients in the historical cohort were in poorer overall
health and had different cancer characteristics than the
patients in the clinical trial.

The third example involves a percutaneous left atrial
appendage occlusion device, which is used to seal the
left atrial appendage and lower the risk of stroke among
patients with atrial fibrillation. A recent analysis of a 2021
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observational study that compared the use of left atrial appendage
occlusion and direct oral anticoagulation found that the Kaplan-

Meier curves for all-cause mortality separated at day 0 after the de-
vices were inserted and the size of the effect increased over time.9,10

However, it is biologically impossible for a stroke prevention device
to save lives soon after it is inserted; in patients with atrial fibrilla-
tion, the risk of stroke increases over time. During the immediate
postprocedure period, the survival curves for patients who re-
ceived the procedure or were treated with direct oral anticoagula-
tion should be superimposable. Residual confounding or confound-
ing by indication (patients with more severe disease may not receive
the left atrial appendage occlusion device) are more plausible ex-
planations for the early separation of the Kaplan-Meier curves.

A limitation to this approach to detecting selection bias in obser-
vational studies is that it requires knowledge of the pathophysiology
and natural history of a disease, the expected efficacy of the inter-
ventions, or other expertise in the subject of the study. Another is that
when observational studies are published, Kaplan-Meier curves are
often not included. Instead, there are tables showing relative risks or
odds ratios for the comparisons between the groups of patients that
are being observed; such tables do not show changes in the relative
risks or odds ratios that may occur over time. To allow for the ascer-
tainment of bias, such as imbalances between the characteristics of
cohorts and residual confounding or confounding by indication, ob-
servational studies that examine a time-to-event end point or con-
tain time-to-event data should report this information in a graphical
form. When interventions appear to work too fast, the findings of a
study may be too good to be true.
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Figure. Hypothetical Curve Demonstrating Implausibly Early
Separation of Curves
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Illustration of a hypothetical curve in which the event of interest happens
implausibly early and the curves separate from the beginning. In this
hypothetical scenario, the gray line represents rates of hospitalizations
following administration of an oral outpatient medication for COVID-19, and the
orange line represents rates of hospitalizations for a control group. The curves
separate from day 0, which is biologically impossible, as the medication cannot
prevent hospitalization immediately after administration. The shaded area
represents the confidence interval.
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