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STRUCTURED ABSTRACT

Question: Are proton pump inhibitors (PPIs) associated with increased
mortality?

Design: Prospective cohort study.

Setting: Combined data from the Nurses’ Health Study and the Health
Professionals Follow-up Study.

Patients: The Nurses’ Health Study is an ongoing prospective cohort
study in the United States that recruited female nurses who were ages
30-55 in 1976. The Health Professionals Follow-up Study recruited
male health professionals who were ages 40—75 in 1986. For both stud-
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ies, investigators obtained information from medical records and ques-
tionnaires every 2 years. The sub-cohort selected for this study was new
users of PPIs.

Exposure: Self-reported PPI use.

Outcome: The primary outcome was death from any cause. Secondary
outcomes were death from specific causes such as cancer, cardiovascular
diseases, respiratory diseases, digestive diseases, renal diseases, neuro-
logic diseases, and infectious diseases.

Data analysis: The association of PPI use and death was estimated using
Cox proportional hazards regression to calculate a hazard ratio (HR). To
reduce the possibility of protopathic bias (also called reverse causation),
the investigators conducted several secondary analyses that incorporated
PPI-use lag windows (see Why Is This Important section below).

Two-year, 4-year, and 6-year lag times were assessed. For example, in a 4
-year lag-time analysis, this means exposure to PPI had to be self-
reported in the biennial questionnaires at least 4 years before death oc-
curred.

Funding: National Institutes of Health and the Crohn’s and Colitis Foun-
dation.

Results: Out of 71,887 study participants, 22,125 died during follow-up,
of which 2033 (10.1%) were PPI users at the time of death. In the
analysis that did not account for lag time, PPI use was associated with
mortality from all-causes, cancer, cardiovascular diseases, respiratory
diseases, digestive diseases, and renal diseases. There was no association
with neurologic or infectious diseases. By incorporating progressively
longer lag-times, the investigators demonstrated that the association of
PPI use with each cause of death was nullified, except for the association
of PPI use and death from renal causes (HR 2.45, 95% confidence inter-
val (CI) 1.59 — 3.78 in the 6-year lag analysis) (Figure 1).
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Years of lag to nullify PPI-mortality association
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Figure 1. Years of lag time to nullify statistically significant association between proton pump
inhibitor (PPI) use and mortality. Nullification of association implies that protopathic bias con-
tributes to spurious associations. Image created with BioRender.com. CI, confidence interval;
HR, hazard ratio.
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COMMENTARY

Why Is This Important?

PPIs are one of the most frequently used
medications in the United States.>’
Recently, several retrospective studies
have linked PPIs to adverse effects,
such as chronic kidney disease,
dementia, and death.*® However, there
are concerns about the validity of these
conclusions due to methodologic limita-
tions of the studies”, including inade-
quate adjustment for protopathic bias,
which occurs when patients receive an
exposure of interest to treat prodromal
symptoms of an impending outcome.

A common example helps explain pro-
topathic bias, which is also called re-
verse causation. Imagine a patient who
presents to their primary care physician
for assessment of atypical chest pain.
The patient receives a PPI for presump-
tive treatment of gastroesophageal re-
flux disorder (GERD), but the patient
later develops a fatal myocardial infarc-
tion because the chest pain was truly an-
gina secondary to coronary artery dis-
ease. If a retrospective study including
this patient does not account for proto-
pathic bias, the PPI would be associated

with the death, which was actually

caused by coronary artery disease. To re-

duce the influence of protopathic bias in

the current study results, the investiga-

tors incorporated lag windows so that

PPI use was only considered after suffi-
cient time had passed from initiation.
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Randomized controlled trials (RCTs)
are the standard for demonstrating cau-
sation, and COMPASS, a recent double-
blind, placebo-controlled RCT of over
17,000 individuals with chronic cardio-
vascular disease followed for a mean
duration of 3 years, only found an in-
creased risk of enteric infections with
PPI use. There are some remaining de-
tails to be investigated based on the
limitations of the study'’, including the
relatively short length of follow-up and
limited generalizability of the study
population. Reassurance about the safe-
ty of PPIs also comes from two recent
retrospective cohort studies corroborat-
ed the findings of COMPASS by
demonstrating no association between
PPI use and mortality using data from
the U.S. Medicare system and the UK
Biobank.”!'" This study from Lo et al.
adds to these reassuring results by in-
corporating lag times of 2, 4, and 6-
years of PPI use to adjust for proto-
pathic bias.

Key Study Findings

After accounting for protopathic bias,
PPI use was not associated with death
from all-causes, cancer, cardiovascular
disease, respiratory disease, digestive
disease, neurologic disease, or infec-
tious diseases. There was an association
between PPI use and death from renal
disease.

Caution

Because PPI use was assessed only
every 2-years, the lag-time windows are
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long. Excluding events in 2-year incre-
ments reduces the statistical power of
the analysis to identify conditions that
confer small increased risk in mortality.
Additionally, the authors did not imple-
ment competing-risks approaches for
the analysis of the secondary mortality
outcomes. This could bias the conclu-
sions of the study. Finally, this study on-
ly investigated mortality. The lack of as-
sociation between cause-specific mor-
tality and PPI use does not necessarily
mean that the PPI use is not associated
with the condition itself—especially if

the condition does not usually lead to
death.

My Practice

I prescribe PPIs frequently in my lu-
minal gastroenterology practice at a Vet-
erans Affairs Health System. The most
common indications are chronic GERD,
chemoprevention of Barrett’s esophagus
progression, and eosinophilic esopha-
gitis. For patients who will use PPIs
longer than eight weeks, I counsel about
the state of the PPI adverse effects liter-
ature. In particular, I summarize the
concerns raised by early retrospective
cohort studies and mention that there
were methodologic issues with many of
them. I then summarize the results of
the COMPASS randomized control trial,
which did not find any association be-
tween PPI and fractures, diabetes,
COPD, dementia, cancer, chronic kid-
ney disease, etc., and relay that more
recent, high-quality retrospective cohort
studies have corroborated it. Finally, I
acknowledge that there still may be
risks to long-term PPI use, in particular
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risk of enteric infections as identified
by COMPASS and risk of renal disease
as demonstrated in this study. As such, I
assure patients that we will periodically
reassess their need for chronic PPIs and
maintain them on the lowest effective
dose.

For Future Research

The mechanism of action for the associ-
ation between PPI use and renal disease
is often hypothesized to be secondary to
acute interstitial nephritis. Further char-
acterization of this relationship and
whether it mediates the association be-
tween PPI use and renal mortality is
warranted.
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