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Propensity Score Matching: The ‘Devil is in the
Details’ Where More May Be Hidden than You Know
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Columbia University, Jupiter, NY.

ABSTRACT

Propensity score matching has been used with increasing frequency in the analyses of non-prespecified
subgroups of randomized clinical trials, and in retrospective analyses of clinical trial data sets, registries,
observational studies, electronic medical record analyses, and more. The method attempts to adjust post
hoc for recognized unbalanced factors at baseline such that the data once analyzed will hopefully approxi-
mate or indicate what a prospective randomized data set—the “gold standard” for comparing two or more
therapies—would have shown. However, for practical limitations, propensity score matching cannot assess
and balance all the factors that come into play in the clinical management of patients and that may be pres-
ent in the circumstances of the study. Thus, propensity score matching analyses may omit, due to nonrec-
ognition, the effects of several clinically important but not considered factors that can affect the outcomes
of the analyses being reported, causing them to possibly be misleading, or hypothesis-generating at best.
This review discusses this issue, using several specific examples, and is targeted at clinicians to make

them aware of the limitations of such analyses when they apply their results to patients in their care.
© 2019 Elsevier Inc. All rights reserved. ® The American Journal of Medicine (2019) 000:1—4
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A recent issue of the European Heart Journal contained a
highly instructive paper by Davila et al' that compared
subgroup results from the DIG trial as analyzed from ran-
domized data with an observational non-randomized com-
parison that was adjusted for baseline covariates as is done
for propensity score matching in many non-prospective
studies. Propensity score matching attempts to adjust post
hoc for recognized unbalanced factors at baseline such that
the data once analyzed will hopefully approximate or indi-
cate what a prospective randomized data set—the ‘“gold
standard” for comparing two or more therapies— would
have shown. Randomization, if the patient groups are large
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enough, assumes that outcome-influencing factors will be
equalized across study arms such that they will not have an
unbalanced effect on outcome results. Propensity score
matching is applied to subgroup comparisons or to “real-
world” “observational” data sets, registries, analyses of elec-
tronic medical records, and the like where analyses (usually
retrospective) are subject to confounding because enrollees
who receive one study treatment differ systematically from
those receiving another, including selection bias caused by
physician choice in the treatment applied. By choosing
groups based upon similar baseline demographics or other
characteristics, propensity score matching attempts to mimic
the effects of prospective randomization. But can it really?
A propensity has been defined as “a tendency to behave
in a particular way” (Cambridge English Dictionary) or “an
often intense natural inclination or preference” (Merriam
Webster Dictionary). However, it is not a guarantee. It is no
surprise, then, that matching baseline characteristics in an
attempt to assess a propensity of the groups cannot assure
that they will behave as suggested. Unfortunately, this fact
is commonly overlooked by readers of trials that use pro-
pensity score matching, and the results that ensue can be
misleading. The observations by Davila et al ' that contrast
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the results obtained in a post-hoc subgroup analysis with
those of the full prospective randomized DIG trial are a
clear example.

Their report states,’ “The primary aim of this analysis is to
assess whether adjustment in an observational analysis can
lead to the same treatment effect estimate as the randomiza-
tion-based analysis of the DIG trial.” Unlike in the main trial

prospective randomization. Consider the following exam-
ples discussed below:

DISEASE DURATION AND SEVERITY

The first example involves two older atrial fibrillation trials
that were used to assess the efficacy and safety of sustained-
release propafenone as part of its

where digitalis had no effect on mor-
tality as compared with placebo, in
the subgroup studied (patients who
had taken digitalis prior to the trial
who were then randomized to con-
tinue digitalis or switch to placebo),
those previously on digitalis had a
higher mortality. The authors further
write, “Baseline differences between
the two groups were present but
adjustment for baseline population
differences does not explain the
observed increase in mortality.”
They concluded that “prescription of
digoxin is an indicator of disease
severity and worse prognosis, which
cannot be fully accounted for by
covariate adjustments in the DIG
trial where patients were well-char-
acterized. It is unlikely that weaker

CLINICAL SIGNIFICANCE

® Propensity score matching attempts to

adjust post hoc for unbalanced base-
line factors to mimic what a prospec-
tive randomized study would show. The
method is now commonly used in ret-
rospective study analyses.

Propensity score matching cannot
assess and balance all possible out-
come-influencing factors, such as dis-
ease history and severity, drug doses,
etc. Thus, propensity score matching
outcomes can be misleading.
Propensity score matching results
should be interpreted with caution.
They carry more bias than prospective,
randomized trials in similar populations.

development process: RAFT (the
Rythmol Atrial Fibrillation Trial,
which was performed in North
America) and ERAFT (the Euro-
pean Rythmol/Rythmonorm Atrial
Fibrillation Trial, which was per-
formed in Europe).”” Both trials
were prospective, randomized, dou-
ble-blind, placebo-controlled trials
that assessed sustained-release prop-
afenone for atrial fibrillation. Nota-
bly, despite using the same active
drug and placebo, manufactured by
the same pharmaceutical company,
in the same doses, with no important
significant differences in baseline
patient characteristics among the
two arms within each trial, lower
efficacy rates versus placebo were

present in ERAFT than in RAFT.

research approaches (observational
studies of administrative data or reg-
istries) can provide more reliable estimates of the effect of
cardiac glycosides.” This report raises appropriate concerns
regarding the differences in results obtained between prospec-
tively collected randomized data and data obtained through
propensity score matching.

Propensity score matching was first described in 19837
and has been employed progressively since then. However,
although propensity score matching has become a valuable
statistical tool in clinical outcomes analysis, and is often
clinically relevant, it is not all-inclusive and may not be
adequately so. This is an important limitation that clinicians
often do not recognize. I recently reviewed 20 randomly
selected, published articles on cardiovascular health from
the past 4 years that used propensity score matching.” In
most, but not all, the factors selected for propensity score
matching were listed. Some were specific to the type of trial
(surgical or device, pharmacological or medical). Almost
all included age, gender, weight, baseline comorbidities
and concomitant disorders, classes of drugs taken by the
patients, smoking, alcohol, selected blood tests and cardiac
functional tests, and the like. However, virtually always,
these were considered as present or absent rather than by
level of severity, and, while drugs were listed by class, they
were never listed by specific agent, specific dose or dose
range, or drug-interaction potential. Duration of disease
was also never listed. However, each of these can signifi-
cantly affect outcome-trial results and hence are important
limitations to propensity score matching as compared to

For example, in patients taking

425 mg twice a day, recurrence rates
of atrial fibrillation at 90 days were approximately 65% in
ERAFT versus approximately 30% in RAFT. Why such a
difference? Importantly, patients in ERAFT had greater
atrial fibrillation burden, longer atrial fibrillation history,
and more prior antiarrhythmic drug failures than were pres-
ent in RAFT. Equally notable, in general, both disease
severity and prior antiarrhythmic drug failures predict a
lower response rate to subsequent antiarrhythmic drug trials.
Simply comparing ERAFT and RAFT based on the presence
of enrollment-requiring atrial fibrillation and on specific
concomitant diseases and comorbidities, as is common with
propensity score matching, would have missed these impor-
tant result-altering details. Granted, comparing two different
trials is not an example of propensity score matching. How-
ever, as propensity score matching typically compares the
presence and absence of listed items but rarely if ever com-
pares them with high granularity, such as disease duration or
response to prior therapies, the findings of these two trials
when compared with each other show us the importance of
outcome-altering differences between populations, or sub-
groups, that would not be accounted for in most if not all
propensity score matching approaches.

SPECIFIC DRUGS WITHIN A CLASS AND SPECIFIC
DRUG DOSES

Factors beyond disease severity or disease duration that
may have the same type of consequences on outcomes
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reported include drugs within a class and specific drug dos-
ing. For example, while propensity score matching gener-
ally considers differences in baseline drugs regarding use or
non-use, including statins, beta-blockers, angiotensin con-
verting enzyme inhibitors, antidiabetic agents, and the like,
it generally does not (if ever) consider the specific agent
used within each of these classes or their doses. However,
these pharmacologic specifics can have major effects on
many measured clinical outcomes. For example, there are
significant clinical differences among specific statins and
among statin doses, and among individual beta blockers
and angiotensin converting enzyme inhibitors, to name but
a few commonly used drug classes in cardiovascular care.

With respect to statins, there are notable pharmacoki-
netic and pharmacodynamic differences among the agents.”
These include differences in hepatic metabolism and renal
excretion with consequent differences in drug interaction
potential. Because many patients in cardiovascular clinical
trials take multiple types of drugs on a daily basis, drug
interaction potential can be important and has implications
regarding efficacy and safety profiles of new agents being
studied. At least equally important, multiple studies have
almost consistently shown greater benefit on atherosclerotic
disease consequences associated with hyperlipidemic states
when high dose statins are employed versus lower dose—a
consequence now recognized in clinical guidelines.” Such
effects on outcomes can be of importance if those same out-
comes are being tested in the clinical analysis to which pro-
pensity score matching is being employed but specific
drugs and doses are not considered.

With respect to angiotensin converting enzyme inhibi-
tors, again there are notable pharmacokinetic and pharma-
codynamic differences and clinical outcome effects among
the agents.® Of importance here, though rarely considered
in the most recent years, there are data that strongly suggest
that the agents with highest tissue penetrance, including
trandolapril, ramipril, and quinapril have greater beneficial
effects on endothelial function, plaque stability, and cardio-
vascular outcomes than those with poor tissue penetrance.
Since these differences have resulted in greater benefit in,
for example, post myocardial infarction studies with respect
to recurrent myocardial infarction, mortality, and the like,8
they certainly could affect the results of other trials examin-
ing similar outcomes if the baseline distribution of specific
angiotensin converting enzyme inhibitors differs among
groups being studied. Moreover, trandolapril has dual
hepatic and renal excretion, making it safer in the presence
of renal dysfunction, and, pharmacokinetic data suggest
that only two truly have 24-hour duration of effect.”

Finally, with respect to beta-blockers, still again there
are notable inter-drug differences, not only in their pharma-
cologic properties’ but also in outcomes associated with
their therapy.”'' The serum levels of hepatically metabo-
lized beta-blockers, such as metoprolol or propranolol, can
vary by up to 10-fold for the same dose; therefore a given
dose in a baseline demographic profile may not mean the
same clinical effect. Such variation is markedly less for

renally excreted beta-blockers. Some beta-blockers have
additional clinically important actions, such as alpha block-
ade with labetalol and carvedilol. Notably, in many direct
comparative studies, carvedilol has had superior clinical
outcomes compared with metoprolol, including better heart
failure outcomes, better effects with respect to measure-
ments of diabetic control, and better arrhythmia suppres-
sion.”'° Yet, these differences have not been considered in
the analyses of studies that use propensity score matching.
The same may be said about antidiabetic agents, with some
classes improving outcomes in heart failure and mortality
while others have not.

The above examples are but a few of many that could be
chosen to suggest that propensity score matching, which
has a logistical feasibility limit on the number of factors it
can consider, may be clinically limited or even misleading.
Thus, in my opinion, propensity score matching should be
considered highly valuable but not necessarily definitive.
Nor should the method be considered as reliable in balanc-
ing intergroup differences as a prospective randomization
approach. In this, I am not alone. A 2008 “report card” on
propensity score matching in the cardiovascular literature
found “that the application of propensity-score matching in
cardiology reports has been ‘poor.””"”

Though its results cannot be taken as proof positive with
a very high degree of certainty, at a minimum they may
always be viewed as hypothesis generating. Most studies
employing propensity score matching acknowledge the
constraints of the method via some statement in their Limi-
tations section, such as “although adjustment was made for
many variables, it is possible that residual confounders
between the groups could still be present and that propen-
sity score matching may not be able to balance all unmea-
sured confounders.” Such statements are statements of fact.
They are appropriate to add with respect to the limitations
in the analyses employed in the study and should not be
overlooked. My purpose in this article is to point out to the
reader that the confounders not considered in propensity
score matching may have substantial clinical impact and
that caution needs to be employed when considering the
results of studies or when contrasting them to prospective,
randomized, placebo-controlled or active-controlled trials.
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