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Is Observational Research Useful for 
Safety Surveillance? 

Ø Madigan:  recognize the limitations
» Operating characteristics derived from RCTs 

are inappropriate.
» How much can good design matter?

•  “Clinical judgment” vs. design principles
•  Map observational design to RCTs
•  Time is critical

Ø Gruber: what is the alternative?
»  Improve data quality
» Bias analysis, much more generous bounds



Early Detection 

Ø Cook: need appropriate methods for 
signal detection
» Use principles from good sequential RCT 

methods
Ø React early but not too early
»   Cost/benefit (both clinical and $)

Ø What is precise research question?
Ø Need for validation/confirmatory 

studies?



CNODES 

Ø  “Canadian mini-Sentinel” with some twists
Ø Directed research questions from Health Canada

»  Validation, not detection
»  Usually generated based on initial safety signal
»  Methods specific to the research question

Ø Distributed data; no common data model
»  Canadian provinces plus CPRD and US MarketScan

Ø Common protocol/analysis plan
»  Allow for different bias adjustments (within reason) in 

different sites
»  Allow for understanding of heterogeneity

Ø Meta-analysis if possible



PPIs and Pneumonia 

Ø Conflicting evidence
»  Positive association with short treatment 

regimens
» Disappears with longer treatment time

Ø Problem: subtle protopathic bias
»  Early symptoms similar to GERD

Ø Solution: restriction to PPI prescribed at 
same time as NSAID
»  Preventive rather than therapeutic
» Unconfounded by symptoms
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ABSTRACT
Objective Previous observational studies suggest that
the use of proton pump inhibitors (PPIs) may increase
the risk of hospitalisation for community-acquired
pneumonia (HCAP). However, the potential presence of
confounding and protopathic biases limits the
conclusions that can be drawn from these studies. Our
objective was, therefore, to examine the risk of HCAP
with PPIs prescribed prophylactically in new users of
non-steroidal anti-inflammatory drugs (NSAIDs).
Design We formed eight restricted cohorts of new
users of NSAIDs, aged ≥40 years, using a common
protocol in eight databases (Alberta, Saskatchewan,
Manitoba, Ontario, Quebec, Nova Scotia, US MarketScan
and the UK’s General Practice Research Database
(GPRD)). This specific patient population was studied to
minimise bias due to unmeasured confounders. High-
dimensional propensity scores were used to estimate
site-specific adjusted ORs (aORs) for HCAP at 6 months
in PPI patients compared with unexposed patients.
Fixed-effects meta-analytic models were used to estimate
overall effects across databases.
Results Of the 4 238 504 new users of NSAIDs, 2.3%
also started a PPI. The cumulative 6-month incidence of
HCAP was 0.17% among patients prescribed PPIs and
0.12% in unexposed patients. After adjustment, PPIs
were not associated with an increased risk of HCAP
(aOR=1.05; 95% CI 0.89 to 1.25). Histamine-2 receptor
antagonists yielded similar results (aOR=0.95, 95%
CI 0.75 to 1.21).
Conclusions Our study does not support the
proposition of a pharmacological effect of gastric acid
suppressors on the risk of HCAP.

INTRODUCTION
Overutilisation of proton pump inhibitors (PPIs) and
their potential health risks are attracting increasing
attention.1 2 One of the suspected health concerns
associated with their use is a possible increase in the
risk of pneumonia.3 The proposed mechanism
behind this potential effect is bacterial overgrowth of
the stomach and oesophagus increasing the risk of
bacterial aspiration. Although evidence from previous
observational studies support the existence of an
association between the use of PPIs and the risk of
community-acquired pneumonia,3 these studies had
important limitations. These limitations include con-
founding due to gastroesophageal reflux disease

(GERD), a potentially independent risk factor for
pneumonia,4 5 and with a sharp increase in risk
observed shortly after PPI initiation,3 6 7 the likely
presence of protopathic bias.
Although PPIs are most commonly prescribed for

the treatment of symptoms of GERD, they may
also be prescribed concomitantly with non-steroidal
anti-inflammatory drugs (NSAIDs) to prevent ulcer
formation and dyspepsia.8–10 As patients who are
prescribed PPIs for this indication are less likely to
have GERD, an analysis restricted to this specific
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Significance of this study

What is already known on this subject?
▸ Previous observational studies and their

meta-analysis have found that proton pump
inhibitors are associated with an increased risk
of community-acquired pneumonia.

▸ Potential confounding by gastroesophageal
reflux disease and protopathic bias limit the
conclusions that can be drawn from these
studies.

▸ Proton pump inhibitors are also prescribed
prophylactically with non-steroidal
anti-inflammatory drugs, and the study of this
population may overcome the limitations of
previous studies examining this association.

What are the new findings?
▸ Proton pump inhibitors are not associated with

an increased risk of hospitalisation for
community-acquired pneumonia (HCAP)
(adjusted OR=1.05; 95% CI 0.89 to 1.25).

▸ There is also no association between
histamine-2 receptor antagonists and the risk
of HCAP (adjusted OR=0.95, 95% CI 0.75 to
1.21), suggesting a lack of dose-response
relationship between potency of gastric acid
suppression and the risk of HCAP.

How might it impact on clinical practice in
the foreseeable future?
▸ Our results suggest that concerns regarding this

association should not influence prescribing of
gastric acid-suppressing medications.
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Ø Very restricted 
sample

Ø Conclusion: no 
association
»  Associations re-

appear in 
unrestricted cohort

examine this association using a restricted cohort of new
NSAID users, chosen to avoid confounding by indication and
protopathic bias. Second, protection against confounding was
also provided by our use of high-dimensional propensity scores.
Third, our use of a distributed-protocol approach decreased the
heterogeneity typically present in meta-analyses of observational
studies while respecting legal and ethical privacy require-
ments.30 31 Fourth, while respiratory illnesses, such as pneumo-
nia, chronic obstructive pulmonary disorder and acute asthma
exacerbations may be misdiagnosed as one or the other, we used
a validated HCAP definition,13 minimising potential misclassifi-
cation. This study involved databases that have been used exten-
sively for pharmacoepidemiologic investigations, and previous
studies indicate that these data are valid.32–34 Finally, our use of
a new user design avoided the underestimation of effects that
frequently occurs with the study of prevalent users.12

Our study also has some potential limitations. First, at least
two forms of H2RAs are available without a prescription in
Canada (ranitidine 75 mg/150 mg and famotidine 10 mg/
20 mg), and some PPIs are available over the counter in the
USA and the UK. Unfortunately, over-the-counter medication
use is not captured by included databases. If there is a true
increased risk of HCAP due to the use of ‘gastroprotective
agents’, the exclusion of over-the-counter gastric acid-
suppressing medications may bias the results towards the null.
Second, we used an intention-to-treat approach, which mirrors
that of a randomised controlled trial. This analytical approach
may result in some exposure misclassification as some unex-
posed patients may have initiated therapy during follow-up and
some exposed patients did not receive additional prescriptions
during follow-up, resulting in a potential bias towards the null.
However, sensitivity analyses that excluded unexposed patients

Figure 1 Forest plot of the
association between the use of proton
pump inhibitors (PPIs) and the
6-month cumulative incidence of
hospitalisation for community-acquired
pneumonia in a restricted cohort of
new users of non-steroidal
anti-inflammatory drugs (NSAIDs).
Analyses were adjusted for age, sex,
previous non-hospitalised pneumonia,
prescription of PPIs, histamine-2
receptor antagonists and NSAIDs in
the 7–12 months prior to cohort entry,
and high-dimensional propensity score
decile. GPRD, General Practice
Research Database.

Figure 2 Forest plot of the association between the use of histamine-2 receptor antagonists and the 6-month cumulative incidence of
hospitalisation for community-acquired pneumonia in a restricted cohort of new users of non-steroidal anti-inflammatory drugs (NSAIDs). Analyses
were adjusted for age, sex, previous non-hospitalised pneumonia, prescription of proton pump inhibitors, histamine-2 receptor antagonists and
NSAIDs in the 7–12 months prior to cohort entry, and high-dimensional propensity score decile. GPRD, General Practice Research Database.
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Bottom Line 

Ø We need to learn from observational 
data

Ø But we need to better recognize the 
limitations
» More work on operating characteristics in 

controlled conditions
» Better practice at the design stage
» Better estimation of the true uncertainty



Questions 

Ø What CAN we do?
Ø No choice but to make observational studies 

better
»  Learn the operating characteristics
»  Or make our conclusions more appropriate?

Ø Should we do more or different trials?
»  Seems like David’s arguments apply to them too…
»  Can we make them large enough to learn about 

safety?
»  Pragmatic trials?
»  Registry trials?

•  Rigor of a trial, speed and efficiency of an observational 
data analysis

•  Feasibility? Cost?
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