
1690 Gut August 2022 Vol 71 No 8

PostScript

Correspondence to proton 
pump inhibitors and risk of 
colorectal cancer

We have read with interest the paper by 
Abrahami et al on the risk of colorectal 
cancer (CRC) with long- term proton 
pump inhibitor (PPI) usage with a new user 
and active comparator design (PPI users 
n=1 293 749 and histamine- 2 receptor 
antagonist (H2RA) users n=292 387, from 
1 January 1990 to 30 April 2018 with 
1- year follow- up).1 The authors found 
that overall use of PPI did not increase the 
risk of CRC (HR 1.02, 95% CI 0.92 to 
1.14). However, the HR increased by 2–4 
years (HR 1.45, 95% CI 1.28 to 1.60) and 
more than 4 years (HR 1.60, 95% CI 1.42 
to 1.80) with cumulative duration of PPI 
usage. Similar patterns were observed in 
cumulative dose and time since treatment 
initiation. They provided valuable insights 
in this controversial topic. However, some 
points are worthy of further discussion.

First, the authors used H2RA as an 
active comparator for PPI to mini-
mise confounding by indication as both 
medications share similar indications. 
However, patients on these two medi-
cations have different severity in terms 
of their medical conditions; usually PPI 
patients are more severely ill compared 
with H2RA patients.2 Therefore, we 
have two recommendations for the active 
comparator group. First, the authors could 
compare patients using different doses of 
the same PPI drug.3 Second, the authors 
could also select patients on PPIs previ-
ously, but dropped out due to intolerance. 
Both recommendations would ensure that 
patients retain similar severities of medical 
conditions and baseline characteristics 
between experimental and control groups 
to further limit confounding by indication.

Second, the authors made the conclu-
sion that short term PPI usage does not 
increase the risk of CRC based on the 
cumulative dose and duration results. 
However, in the time since treatment 
initiation secondary analysis, the result 
showed that both short- term and long- 
term PPI usage have elevated CRC risk 
(HR 1.19, 95% CI 1.03 to 1.34), thereby 
conflicting with their conclusion. As a 
result, we suggest that the authors do a 
secondary analysis of time varying dose 
dependent model to further clarify the 
result and strengthen their conclusion.4

Third, the authors used a high- 
dimensional propensity score with an 
additional 200 covariates in five data 
dimensions (prescriptions, procedures, 

diagnoses, disease history and admin-
istrative files) to reduce the impact of 
residual confounding. However, some 
CRC lifestyle risks and protective factors 
were not included, such as vitamin 
D serum level,5 physical exercise and 
sedentary lifestyle.6 Additional investi-
gation and stratification are required to 
remove confounding bias.

In conclusion, we are convinced a 
better active comparator control group 
is needed to reduce the confounding by 
indication. A time varying dose depen-
dent model is recommended to further 
clarify on the short- term PPI exposure’s 
CRC long- term risk. Lastly, residual 
confounders require explication for your 
great work.
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Response by Abrahami et al to 
letter regarding article ‘Proton 
pump inhibitors and risk of 
colorectal cancer’

We thank Chen Dong et al1 for their 
interest in our study on the use of proton 
pump inhibitors (PPIs) and colorectal 
cancer incidence.2 We have responded to 
their comments as follows.

While there may be some differences 
between PPI and histamine- 2 receptor 
antagonist (H2RA) users, these two drug 
classes are used across similar indica-
tions in the real- world setting.3 Thus, the 
use of H2RAs as an active comparator 
provides a clinically meaningful compar-
ison for physicians deciding whether 
to treat patients with gastric disorders 
with a PPI or H2RA. This is certainly 
a better approach than comparing PPI 
users to non- users. Furthermore, we 
included all approved and off- label indi-
cations for acid suppressant drug use in 
our propensity score models to minimise 
residual confounding by disease severity. 
After applying propensity score weights, 
our population was well balanced on 
all measured confounders, suggesting a 
strong similarity between our two study 
populationstable 1. Overall, the use of 
H2Ras as an active comparator was a 
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major strength of our paper, which was 
not considered in many previous studies.

The authors suggest using patients 
who discontinued PPIs as an alterna-
tive comparator group. However, such a 
comparison group would be problematic 
if treatment discontinuation is related to 
the outcome of interest. Furthermore, this 
approach would necessarily compare PPI 
users with varying treatment lengths and 
thus include prevalent users, introducing 
well- known biases in pharmacoepide-
miology.4 The use of a new- user, active 
comparator design mitigates these biases 
by capturing patients newly diagnosed 
with gastric disorders (and having similar 
stages of disease severity) while elimi-
nating biases related to the inclusion of 
‘survivors’.

The authors suggest conducting a dose–
response analysis to compare patients 
using different doses of the same PPI 
drug. Given that comparing drugs with 
different potencies is not recommended, 
we conducted a secondary analysis using 
the WHO defined daily dose defini-
tion,5 where all PPI prescriptions were 
converted to omeprazole equivalents. We 
observed a dose–response relationship, 
with higher dose equivalents associated 
with an increased risk of colorectal cancer.

We want to take this opportunity to 
clarify our secondary exposure definition. 
All secondary exposures were calculated 
using time- varying exposure definitions, 
which were updated at each person- day 
of follow- up. These analyses showed 
stronger associations between PPI use and 
colorectal cancer incidence with longer 
durations of use. Indeed, the time- since 
initiation analysis was consistent with the 
other exposure definitions, in that only 
the highest category of use (greater than 
4 years) was associated with an increased 
risk of colorectal cancer (HR 1.19, 95% CI 
1.03 to 1.34).

Finally, regarding the missing variables 
highlighted by the authors, unfortunately, 
the clinical practice research datalink does 
not consistently record such information. 
However, it is unclear that these vari-
ables meet the traditional definition for 
confounding, as they are unlikely associ-
ated with PPI prescribing. Nonetheless, the 
high dimensional propensity score analysis, 
which empirically selected an additional 
200 covariates, may capture variables that 
are proxies for some of the variables high-
lighted by the authors. Reassuringly, results 
from this sensitivity analysis were highly 
consistent with our main findings.

Devin Abrahami,1,2,3 Laurent Azoulay    1,2,4

1Centre for Clinical Epidemiology, Lady Davis Institute 
for Medical Research, Montreal, Quebec, Canada
2Epidemiology, Biostatistics, and Occupational Health, 
McGill University, Montreal, Quebec, Canada
3Division of Pharmacoepidemiology and 
Pharmacoeconomics, Department of Medicine, Brigham 
and Women’s Hospital and Harvard Medical School, 
Boston, Massachusetts, USA
4Gerald Bronfman Department of Oncology, McGill 
University, Montreal, Quebec, Canada

Correspondence to Dr Laurent Azoulay, Centre for 
Clinical Epidemiology, Lady Davis Institute for Medical 
Research, Montreal, Quebec, Canada;  
 laurent. azoulay@ mcgill. ca

Contributors DA and LA wrote the response. Both 
authors approved the final version of the letter and 
agreed to be accountable for its accuracy.

Funding The authors have not declared a specific 
grant for this research from any funding agency in the 
public, commercial or not- for- profit sectors.

Competing interests LA served as a consultant for 
Janssen and Pfizer for work unrelated to this study. DA 
has no financial relationships with any organisations 
that might have an interest in the submitted work 
in the previous three years; there are no other 
relationships or activities that could appear to have 
influenced the submitted work.

Patient and public involvement Patients and/or 
the public were not involved in the design, conduct, 
reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; 
internally peer reviewed.

Open access This is an open access article 
distributed in accordance with the Creative Commons 
Attribution Non Commercial (CC BY- NC 4.0) license, 
which permits others to distribute, remix, adapt, build 
upon this work non- commercially, and license their 
derivative works on different terms, provided the 
original work is properly cited, appropriate credit is 
given, any changes made indicated, and the use is 
non- commercial. See: http://creativecommons.org/ 
licenses/by-nc/4.0/.

© Author(s) (or their employer(s)) 2022. Re- use 
permitted under CC BY- NC. No commercial re- use. See 
rights and permissions. Published by BMJ.

To cite Abrahami D, Azoulay L. Gut 
2022;71:1690–1691.

Received 11 November 2021
Accepted 17 November 2021
Published Online First 2 December 2021

 ► http:// dx. doi. org/ 10. 1136/ gutjnl- 2021- 326139

Gut 2022;71:1690–1691. doi:10.1136/gutjnl-2021-326544

ORCID iD
Laurent Azoulay http://orcid.org/0000-0001-5162- 
3556

RefeRences
 1 Chen Dong Y- HL, Tan T- Y, Yao C- C. Correspondence to 

proton pump inhibitors and risk of colorectal cancer. 
Gut 2022;71:1690.

 2 Abrahami D, McDonald EG, Schnitzer ME, et al. Proton 
pump inhibitors and risk of colorectal cancer. Gut 
2022;71:111–8.

 3 Abrahami D, McDonald EG, Schnitzer M, et al. Trends in 
acid suppressant drug prescriptions in primary care in 
the UK: a population- based cross- sectional study. BMJ 
Open 2020;10:e041529.

 4 Yoshida K, Solomon DH, Kim SC. Active- comparator 
design and new- user design in observational studies. 
Nat Rev Rheumatol 2015;11:437–41.

 5 WHO collaborating centre for drug statistics 
methodology: definition and general considerations, 
2018. Available: https://www.whocc.no/ddd/definition_ 
and_general_considera/

Clinical characteristics, 
hospitalisation and mortality 
rates of COVID- 19 among 
patients with coeliac disease in 
the USA: a multicentre 
network study

We read with interest the work by Belli et 
al1 regarding outcomes of COVID- 19 
in liver transplant candidates. The 
authors concluded that liver transplant 
candidates were at risk of early death, 
especially those with decompensated 
cirrhosis and model for end- stage liver 
disease score ≥15.

Similarly, patients with coeliac disease 
(CD) are a population of interest in 
regards to clinical outcomes after a 
diagnosis of COVID- 19. Although the 
evidence of an impact of other chronic 
disorders on the outcome of COVID- 19 
is emerging, the consequences of 
COVID- 19 infection in individuals with 
CD remain uncertain.2–4 We sought to 
define the rates of hospitalisation, 
mortality, thrombosis or intensive care 
unit (ICU) requirement in individuals 
with CD and COVID- 19.

We used a large healthcare research 
network (TriNetX) to compile the elec-
tronic medical records of adult patients 
(age ≥18 years) with CD and confirmed 
COVID- 19 infection (CD cohort) from 
51 healthcare organisations in the USA, 
between 1 January 2020 and 7 July 
2021. Within this same time period, 
we also identified COVID- 19 positive 
patients with no history of CD (non- CD 
cohort). The definition of CD required 
an International Classification of 
Disease, 10th Revision (ICD- 10) diag-
nostic code and additional codes related 
to CD diagnosis such as villous atrophy 
present on biopsy of small intestine 
and positive autoantibody screening 
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