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AS OBSERVATIONAL STUDIES HAVE INCREASED IN NUM-
ber—fueled by a boom in electronic recordkeep-
ing and the ease with which observational analy-
ses of large databases can be performed—so too

have failures to confirm initial research findings.1 Several
solutions to the problem of incorrect observational results
have been suggested,1,2 emphasizing the importance of a rec-
ord not only of significant findings but of all analyses con-
ducted.2

An important and increasingly familiar type of observa-
tional study is the identification of rare adverse effects (de-
fined by organizations such as the Council for Interna-
tional Organizations and Medical Sciences as occurring
among fewer than 1 per 1000 individuals) from population
data. Examples of these studies include whether macrolide
antibiotics such as azithromycin are associated with higher
rates of sudden cardiac death3; whether proton pump in-
hibitors (PPIs) are associated with higher rates of pneumo-
nia4; or whether bisphosphonates are associated with an in-
creased risk of atypical (subtrochanteric) femur fractures.5

Rare adverse events, such as these examples, occur so in-
frequently that almost by definition they may not be iden-
tified in randomized controlled trials (RCTs). Postmarket-
ing data from thousands of patients are required to identify
such low-frequency events. In fact, the ability to conduct
postmarketing surveillance of large databases has been her-
alded as a vital step in ensuring the safe dissemination of
medical treatments after clinical trials (phase 4) for pre-
cisely this reason.

Few dispute the importance of observational studies for
capturing rare adverse events. For instance, in early stud-
ies of whether bisphosphonate use increases the rate of atypi-
cal femur fractures, pooled analysis of RCTs demonstrated
no elevated risk.6 However, these data were based on a lim-
ited sample of 14 000 patients with only 284 hip or femur
fractures and only 12 atypical fracture events over just more
than 3.5 years of follow-up. In contrast, later observational
studies addressing the same question were able to leverage
much larger and more comprehensive data. One analysis that
examined 205 466 women who took bisphosphonates for
an average of 4 years identified more than 10 000 hip or fe-

mur fractures and 716 atypical fractures.5 This analysis dem-
onstrated an increased risk of atypical fractures associated
with bisphosphonate use and was validated by another large
population-based study.

However, analyses in large data sets are not necessarily
correct simply because they are larger. Control groups might
not eliminate potential confounders, or many varying defi-
nitions of exposure to the agent may be tested (alternative
thresholds for dose or duration of a drug)—a form of mul-
tiple-hypothesis testing.2 Just as small, true signals can be
identified by these analyses, so too can small, erroneous as-
sociations. For instance, several observational studies have
found an association between use of PPIs and development
of pneumonia, and it is biologically plausible that elevated
gastric pH may engender bacterial colonization.4 However,
it is also possible that even after statistical adjustment for
known comorbid conditions, PPI users may have other un-
observed health characteristics (such as poor health lit-
eracy or adherence) that could increase their rates of pneu-
monia, apart from use of the drug. Alternatively, physicians
who are more likely to prescribe PPIs to their patients also
may be more likely to diagnose their patients with pneu-
monia in the appropriate clinical setting. Both mecha-
nisms would suggest that the observational association be-
tween PPI use and pneumonia is confounded. In light of the
increasing prevalence of such studies and their importance
in shaping clinical decisions, it is important to know that
the associations identified are true rather than spurious cor-
relations. Prespecified falsification hypotheses may pro-
vide an intuitive and useful safeguard when observational
data are used to find rare harms.

A falsification hypothesis is a claim, distinct from the one
being tested, that researchers believe is highly unlikely to
be causally related to the intervention in question.7 For in-
stance, a falsification hypothesis may be that PPI use in-
creases the rate of soft tissue infection or myocardial infarc-
tion. A confirmed falsification test—in this case, a positive
association between PPI use and risks of these conditions—
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would suggest that an association between PPI use and pneu-
monia initially suspected to be causal is perhaps con-
founded by unobserved patient or physician characteristics.
Ideally, several prespecified false hypotheses can be tested
and, if found not to exist, can support the main study as-
sociation of interest. In the case of PPIs, falsification analy-
ses have shown that many improbable conditions—chest
pain, urinary tract infections, osteoarthritis, rheumatoid ar-
thritis flares, and deep venous thrombosis—are also linked
to PPI use,4 making the claim of an increased risk of pneu-
monia related to use of the drug unlikely.

Another example of falsification analysis applied to ob-
servational associations involves the reported relationship
of social networks with the spread of complex phenomena
such as smoking, obesity, and depression. In social net-
work studies, persons with social ties are shown to be more
likely to gain or lose weight, or to start or stop smoking, at
similar time points than 2 random persons in the same group.
Several studies supported these claims; however, other stud-
ies have shown that even implausible factors—acne, height,
and headaches—may also exhibit “network effects.”8

Falsification analysis can be operationalized by asking in-
vestigators to specify implausible hypotheses up front and
then testing those claims using statistical methods similar
to those used in the primary analysis. Falsification could be
required both for studies that aim to show a rare harm of a
particular medical intervention as well as for studies that
aim to show deleterious interactions between medications.
For instance, in evaluating whether concomitant use of clopi-
dogrel and PPIs is associated with decreased effectiveness
of the former drug and worsens cardiovascular outcomes,
does the use of PPIs also implausibly diminish the effect of
antihypertensive agents or metformin?

Prespecifying falsification end points and choosing them
appropriately is important for avoiding the problem of mul-
tiple hypothesis testing. For instance, if many falsification
hypotheses are tested to support a particular observational
association, a few falsification outcomes will pass the falsi-
fication test—ie, will not be associated with the drug or in-
tervention of interest—whereas other falsification tests may
fail. If the former are selectively reported, some associa-
tions may be mistakenly validated. This issue cannot be ad-
dressed by statistical testing for multiple hypotheses alone
because selective reporting may still occur. Instead, pre-
specifying falsification outcomes and choosing outcomes that
are common may mitigate concerns about post hoc data min-
ing. In the case of PPIs and risk of pneumonia, falsification
analyses used prevalent ambulatory complaints such chest
pain, urinary tract infections, and osteoarthritis.4

Observational studies of rare effects of a drug may be fur-
ther validated by verification analyses that demonstrate the
presence of known adverse effects of a drug in the data set
being studied. For instance, an observational study suggest-
ing an unknown adverse effect of clopidogrel (for ex-
ample, seizures) should also be able to demonstrate the pres-
ence of known adverse effects such as gastrointestinal
hemorrhage associated with clopidogrel use. The inability
of a study to verify known adverse effects should raise ques-
tions about selection in the study population.

Although no published recommendations exist, standard-
ized falsification analyses with 3 to 4 prespecified or highly
prevalent disease outcomes may help to strengthen the va-
lidity of observational studies, as could inclusion of verifi-
cation analyses. Information on whether falsification and
validation end points were used in a study should be in-
cluded in a registry for observational studies that others have
suggested.2

Prespecified falsification hypotheses can improve the va-
lidity of studies finding rare harms when researchers can-
not determine answers to these questions from RCTs, either
because of limited sample sizes or limited follow-up. How-
ever, falsification analysis is not a perfect tool for validat-
ing the associations in observational studies, nor is it in-
tended to be. The absence of implausible falsification
hypotheses does not imply that the primary association of
interest is causal, nor does their presence guarantee that real
relations do not exist. However, when many false relation-
ships are present, caution is warranted in the interpreta-
tion of study findings.
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