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Abstract

Background: Gastric intestinal metaplasia is a pre-cancerous condition associated
with multiple factors.

Objective: We evaluated whether cumulative proton pump inhibitor dose is asso-
ciated with the diagnosis of gastric intestinal metaplasia while controlling for mul-
tiple variables.

Methods: We retrospectively identified patients who underwent upper endoscopy
with gastric biopsy between 2005 and 2014. Covariate data retrieved included age,
sex, ethnicity, smoking status, Helicobacter pylori status (based on clarithromycin-
amoxicillin-proton pump inhibitor issued), cumulative proton pump inhibitor issued
within 10 years (quartiles [PPI-Qq_4] of daily drug dose), anti-parietal cell anti-
bodies, body mass index and comorbidity index.

Results: Of the 14,147 included patients (median age 63.4 years; women 54.4%;
Helicobacter pylori-positive 29.0%), 1244 (8.8%) had gastric intestinal metaplasia.
Increasing age, Helicobacter pylori infection, smoking, anti-parietal cell antibodies and
proton pump inhibitor use were all associated with the diagnosis of gastric intestinal
metaplasia. Upper quartiles of cumulative proton pump inhibitor doses (PP1-Q, and
PPI-Q3vs. PPI-Q4) were associated with the diagnosis of gastric intestinal metaplasia:
adjusted odds ratios 1.32 (95% confidence interval [CI] 1.111.57) and 1.27 (95% CI
1.07-1.52), respectively, for the whole cohort (Piota) 0.007, Pireng 0.013), 1.69 (95% Cl
1.23-2.33) and 1.40 (95% Cl 1.04-1.89), respectively, for Helicobacter pylori-positive
patients (Piota) 0.004, Pireng 0.005) and 1.21 (95% Cl 0.98-1.49) and 1.20 (95% ClI
0.96-1.49), respectively, for Helicobacter pylori-negative patients (Piota 0.288, Pirend
0.018). Upper quartiles of proton pump inhibitor dose were associated with a 5-

10-fold increased risk of low-grade dysplasia.
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Key Summary

INTRODUCTION

Interest in the pathogenesis, diagnosis and management of gastric
intestinal metaplasia (GIM), a precursor lesion to gastric dysplasia
and cancer, is increas,ing.l’8 Emerging evidence from several obser-
vational studies suggests that the long-term use of proton pump in-
hibitors (PPIs) is associated with a higher risk of gastric cancer
development, especially in patients who have undergone Helicobacter
pylori eradication.””*®

On the other hand, data regarding the effect of long term PPl use
on the development of GIM are conflicting. Previously, two rando-
mised controlled trials have shown that long-term PPI use was not
associated with gastric atrophy or GIM.Y*'> More recently, a
Cochrane systematic review of four randomised controlled trials
reported a non-significant increase in the risk of atrophic gastritis
and GIM in patients with long-term PPl use.® A systematic review
that pooled 16 studies (1920 patients) concluded that H. pylori-
positive patients who were receiving long-term PPI therapy were
exposed to a higher risk of corpus atrophy than H. pylori -negative
patients.'”

However, understanding the association of PPl use with the
development of GIM is complex, as histological examination is
required and other multiple risk factors are associated with the
diagnosis of GIM, such as H. pylori infection, increasing age, cigarette
smoking, autoimmune gastropathy, alcohol consumption, bile reflux, a
diet low in fruits and vegetables, obesity, high body mass index (BMI)
and high salt intake 21821

Hence, to clarify further the association between PPI use and the
development of GIM, we conducted a retrospective endoscopic pa-
thology-based study to assess whether PPl use is associated with the
diagnosis of GIM while controlling for quantitative PPI use, H. pylori

infection and multiple other risk factors.

intestinal metaplasia.

Conclusions: Among Helicobacter pylori-positive patients, proton pump inhibitor use

appears to be associated with a dose-dependent increased likelihood of gastric

gastric intestinal metaplasia, Helicobacter pylori, proton pump inhibitors

The established knowledge on this subject:
e Data regarding the effects of long-term PPl use on the development of pre-cancerous
gastric lesions such as gastric atrophy and GIM, especially in patients treated for H. pylori

infection, are confounding

What are the significant findings of this study?

e Among H. pylori-positive patients, upper quartiles of cumulative PPl doses are significantly
associated with the diagnosis of GIM in a dose-dependent manner

o Upper quartiles of PPl use are also associated with 5-10-fold increased odds for the
diagnosis of GIM with dysplasia

METHODS
Patient selection

This retrospective study was conducted at Rabin Medical Center,
an academic referral centre of the Clalit Health Services (CHS),
the largest health maintenance organisation (HMO) in Israel.??
Patients were eligible for inclusion if they were members of the
CHS for at least 10 consecutive years before undergoing endos-
copy, aged over 18 years, underwent upper endoscopy with a
stomach biopsy between January 2005 and December 2014 at
Rabin Medical Center, and did not have evidence of previous
GIM. They were identified from the electronic database of Rabin
Medical Center. Patients were excluded from the study if they
had undergone an upper gastrointestinal surgery or had been
diagnosed as having gastric cancer, had a previous diagnosis of
GIM or cancer predisposition syndromes (Lynch syndrome or fa-

milial polyposis).

Endoscopic and pathological data

Endoscopy results were extracted from the patients' electronic
medical records (EMRs). EMRs were linked to the pathology
database for the diagnosis of GIM (International Classification of
Disease, version 10 code K318). All pathology reports with GIM
were manually reviewed, and GIM was classified for dysplasia ac-
cording to the Vienna system (absent, low-grade dysplasia (LGD),
or high-grade dysplasia) and the extent of intestinal metaplasia
(extensive [the involvement of both the antrum and body], focal
[the involvement of the antrum or stomach body], or unspecified

[indeterminate]).23?* All cases with GIM were manually reviewed
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for evidence of prior GIM in the pathology archive of the CHS
(updated from January 2000).

Cumulative proton pump inhibitor use

PPl use was defined in accordance with PPl prescriptions issued within
10 years before endoscopy. The cumulative PPl dose (number of daily
drug doses [DDD]) within 10 years (prior to endoscopy) was calculated
in accordance with the anatomical therapeutic chemical (ATC) classi-
fication system?! (omeprazole, 20 mg; pantoprazole, 40 mg; lanso-
prazole, 20 mg; and esomeprazole, 30 mg). The total DDD was divided
into quartiles (Qq: 0-19, Q,: 20-89, Q3: 90-503, Q4: >504).

H. pylori infection status

H. pylori infection status was evaluated on the basis of prescription
drug history, available since 1999 at the CHS database. A positive H.
pylori infection status was defined when a combination therapy of
PPI-amoxicillin-clarithromycin was prescribed.?® Patients who were
treated with a combination of PPIl-amoxicillin- clarithromycin and
had a negative urease breath test (UBT) following the combination
treatment were defined as H. pylori-positive patients with verified
eradication. They were sorted according to the time between the
endoscopy date and first time negative UBT as follows: 7 or more
months before the procedure, within 6 months of the procedure, and
7 or more months after the procedure. A validation set of 100 re-
cords of patients who received clarithromycin-based triple therapy
showed that all patients (100%) were indeed treated for H. pylori
infection. In 75 cases, the diagnosis of H. pylori infection was done at
the time of endoscopy, confirmed by a pathology report or positive
rapid urease test result, and in 25 cases, based on the UBT.

Other variables

Other variables included age at endoscopy, sex, ethnicity (Jewish or
Arab Israeli), smoking status (current, past or never smoker),?”
presence of anti-parietal cell antibodies (APCAs) at a threshold of 1/
80 or greater, BMI divided into quantiles (<22.86 kg/m?, 22.86-
<2535 kg/m?, 2535-<27.68 kg/m? 27.68-<30.83 kg/m?
>30.83 kg/m?) and by the World Health Organization (WHO) clas-
sification (underweight <18.5 kg/m?, normal weight 18.5-24.9 kg/m?,
overweight 25-29.9 kg/m? and obese >30 kg/m?, the age-adjusted

26

Charlson co-morbidity index (none, mild, moderate and severe)“° and

a family history of gastrointestinal tract cancer.
Statistical analyses

Binary logistic regression analysis of GIM diagnoses was per-

formed. The variate data included age group, sex, ethnicity, H.

pylori infection status (positive or negative), smoking status (cur-
rent/past or never), BMI (divided into quintiles or WHO classifi-
cation), age-adjusted Charlson comorbidity index, family history of
gastrointestinal cancer (yes or no), cumulative PPl dose in DDD
within 10 years prior to the index endoscopy (divided into quar-
tiles) and the presence APCAs. As both H. pylori positivity and PPI
use were associated with the outcome, we repeated the analysis,
stratifying according to H. pylori status. For trend analysis, the
odds ratios (ORs) were plotted in a linear regression analysis
model. In the sensitivity analysis, we repeated the analysis among
patients with verified H. pylori eradication up to 6 months after
endoscopy. We repeated the analysis with age as a continuous
variable (model 2) and performed the analysis for diagnosis of GIM
with LGD. Most of the analyses were performed using IBM SPSS
v25.

Study oversight and conduct

The Helsinki institutional review board of Rabin Medical Center
approved the study and waived the requirement for written informed
consent (RMC 544-17).

RESULTS
Patients

During the study period, 40,178 patients underwent upper
gastrointestinal endoscopy. Of the patients, 5888 were excluded
(3796 without consecutive CHS membership, 1201 with previous
gastric cancer, 705 with current gastric malignancy, 101 with
previous GIM and 85 with familial polyposis or Lynch syndrome).
Of the remaining 34,391 patients (85.4%), 14,147 (41.4%) had a
biopsy taken during endoscopy and were included in the final data
set (Figure 1). The patients' median age was 63.4 years. Of the
patients, 54.4% were women, 96.8% were Jewish Israeli, 35.5%
were current or past smokers and 29% received a clarithromycin-
based triple therapy treatment for H. pylori infection. Of the
14,244 included patients, GIM was detected in 1244 patients
(8.8%; Table 1).

Factors associated with the diagnosis of GIM

GIM was evident in 13.8% of those aged 75 years old and older, 9.0%
of those aged 50-74 years old and 3.3% of those aged under 50 years
old (P < 0.001; Table 2).

Age, H. pylori infection (adjusted OR 1.22, 95% confidence in-
terval [Cl] 1.07-1.40), current or past smoking (adjusted OR 1.21,
95% Cl 1.06-1.37), the presence of APCAs (adjusted OR 4.21, 95%
Cl 3.06-5.78) and cumulative PPI doses were all significantly asso-

ciated with a diagnosis of GIM.
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Patients that underwent upper endoscopy
between Jan 2005 to Dec 2014

N = 40,178
Primary exclusion: Not members of the Clalit Health Services in continuity for 10 years before
R endoscopy (N = 3,796), previous of current gastric cancer (N = 1,906), diagnosis of GIM in
v previous biopsies (N = 101), cancer predisposition syndromes (N = 85)
N =5,888
N Further exclusion: Biopsy was taken during endoscopy
' N =20,143
v
Eligible
N = 14,147
GIM GIM
N =12,903 N =1,244
FIGURE 1 Study flowchart
As compared to the lower quartile of cumulative PPI doses (PPI- DISCUSSION

Q4), PPI-Q4 and PPI-Q3 were significantly associated with a diagnosis
of GIM: adjusted OR 1.32 (95% Cl 1.11-1.57) and 1.27 (95% CI 1.07-
1.52), respectively, for the whole cohort; 1.69 (95% Cl 1.23-2.33) and
1.40 (95% Cl 1.04-1.89), respectively, for H. pylori-positive patients
and 1.21 (95% Cl 0.98-1.49) and 1.20 (95% Cl 0.96-1.49) for H.
pylori-negative patients (Figure 2, Table 3). In a sensitivity analysis for
the group of H. pylori-positive with verified eradication, the adjusted
ORs for PPI-Q4 and PPI-Q3 were 2.43 (95% Cl 1.44-4.11) and 1.67
(95% CI 1.0-2.78), respectively.

As can be seen in Table 3, these associations remained stable
when age was used as either a continuous variable or a categorical
variable. As can be seen in Table 3, the trend analysis yielded a
positive dose-response with a strong fit (R? > 0.95) for the H. pylori-
positive group and the H. pylori-positive with verified eradication.

After adjusting for multiple variates, gender, ethnicity and the
comorbidity index were not significantly associated with the diag-
nosis of GIM. Analysis of the association between BMI and diagnosis
of GIM showed that after adjusting for all variables, as compared to
the first quintile, the fifth quintile was associated with reduced odds
for a diagnosis of GIM (adjusted OR, 0.75%, 95% 0.61-0.92).
Repeated analysis with BMI classified according to WHO classifica-
tion yielded consistent results (obese: adjusted OR 0.76, 95% CI
0.64-0.89; normal weight: referent; see Table S1).

GIM with LGD was diagnosed in 43 patients (0.3%). In multivari-
able analysis, independent variables associated with the diagnosis of
GIM with LGD were increasing age, the presence of APCAs (adjusted
OR 6.76,95% Cl 2.02-22.6), and upper quartiles (PPI-Q4 and PPI-Q3)
of PPl use (adjusted OR 10.1, 95% Cl 2.32-44.1 and adjusted OR 5.66,
95% Cl 1.24-25.83, respectively; PPI-Q: reference; Table 4).

Extensive GIM was evident in 232 of the 804 subjects with GIM
and separate biopsies that were obtained from both the antrum and
stomach body (28.9%). After adjusting for age, only the presence of
APCAs was significantly associated with extensive GIM (adjusted OR
2.05, 95% Cl 1.14-3.70).

Our findings show a dose-dependent association of cumulative PPI
dose with the diagnosis of GIM. We have also shown that the asso-
ciation of cumulative PPl use with the diagnosis of GIM is dependent
on H. pylori status: from 1.7-1.4-fold for the cohort of patients who
were treated for H. pylori infection to a non-significant association for
the cohort of H. pylori-negative patients. Furthermore, analysis of the
factors associated with the diagnosis of GIM with LGD revealed that
apart from increasing age and the presence of APCAs, upper quar-
tiles of PPl use were associated with a 5-10-fold increased odds. In a
sensitivity analysis, we found the magnitude of association of PPI
dose with GIM was even higher. It is unclear why the risk of GIM
appears to be higher in patients with confirmed H. pylori eradication
compared to patients treated for H. pylori but without confirmed
eradication. This may be related to better compliance in this subset of
patients, not only for performing a follow-up breath test to confirm
eradication but also for taking the PPl prescribed. We cannot rule out
bias due to the smaller sample size group and false negative eradi-
cation results due to continuous PPl use before performing the
breath test to verify eradication.

As stated earlier, data regarding the effects of long-term PPI use
on the development of pre-cancerous gastric lesions such as gastric
atrophy or GIM are conflicting.*>?” While two randomised controlled
trials reported no association between PPl use and gastric atrophy or
GIM,*15 3 recent Cochrane review of four randomised controlled
trials reported non-significant increases in the risks of atrophic
gastritis and GIM in patients with long-term PPI use.'® Finally, a
systematic review that pooled 16 studies concluded that H. pylori-
positive patients who were receiving long-term PPl therapy were
exposed to a higher risk of corpus atrophy than H. pylori-negative
patients.”

As guidelines are conflicting regarding routine H. pylori testing

28-30

before PPI use, our findings suggest that determining H. pylori

infection status before commencing long-term PPI treatment should
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TABLE 1 Patient characteristics and cumulative PPl use

Total, n (%)
Age (years), median IQR
Age, group, n (%)
<50
50-74
75
Sex, n (%)
Women
Men
Ethnicity, n (%)
Jewish
Arab
Smoking status, n (%)
Current/past
Helicobacter pylori status, n (%)
Negative
Positive
Anti-parietal cell antibodies, n (%)
Yes
PPl cumulative (DDD)? n (%)
Q1: 0-19
Q2: 20-89
Q3: 90-503
Q4: >504
Family history® n (%)
Yes
Charlson comorbidity index
None
Mild
Moderate
Severe
Missing
Body mass index quantiles (kg/m?)
1st (<22.86)
2th (22.86-<25.35)
3rd (25.35-<27.68)
4th (27.68-30.83)
5th (>30.83)

Missing

14,147
63.3

3098
7974
3075

7691
6456

13,701
446

5019

10,055
4092

211

3566
3652
3410
3519

120

5298
5642
2095
1110

2802
2820
2810
2810
2828

178

(100)
52.1-73.6

(21.9)
(56.4)
(21.7)

(54.4)
(45.6)

(96.8)
(3.2)

(35.5)

(71.1)
(28.9)

(1.5)

(25.2)
(25.8)
(24.1)
(24.9)

(0.8)

(37.4)
(39.9)
(14.8)
(7.8)
(0.0)

(19.7)
(19.8)
(19.7)
(19.7)
(19.8)
(12)

Abbreviations: DDD, drug daily dose; IQR, interquartile range; PPI,

proton pump inhibitor.

2Family history of malignancy of the gastrointestinal tract.

bQ1-4: Quartiles of cumulative PPI dose (in DDD) within 10 years

preceding index endoscopy.

be considered. Several clinical decision tools as well as the American
Gastroenterological Association (AGA) guidelines have also recently
been published regarding the optimal management of GIM 83132,
however, none has addressed PPl use as a risk factor for GIM
development. Given our findings, it may be advisable to minimise PPI
exposure as much as clinically possible in patients with GIM, just as it
is advisable to stop smoking and eradicate H. pylori.

A recent large Korean study reported that obesity was
independently associated with an increased incidence of GIM.2 In
our study, the univariate analysis did show an association
between increasing BMI and a diagnosis of GIM. However, after
adjusting for multiple variables, this association was no longer
observed, and a negative association was observed for the obese (as
defined by either the WHO classification and by quintiles). Our
findings are consistent with a recent study performed among US
veterans, which found that smoking is associated with a diagnosis of
GIM.2°

The precise mechanism by which PPIs may induce gastric cancer
is unclear, although several mechanisms have been proposed. PPls
induce hypergastrinemia and hypochlorhydria, which may contribute
to enterochromaffin-like cell hyperplasia and proliferation of gastric
mucosa. PPl-induced hypergastrinemia occurs due to inhibition of the
somatostatin-mediated negative feedback of gastrin release on antral
G cells.r” Similarly, gastrin may exert a direct trophic effect on the
oxyntic mucosa. It has also been hypothesised that PPl-induced al-
terations of the gastric microbiome may play a role in carcinogenesis.
However, a recent study showed that PPI-treated patients showed
similar microbial diversity compared with normal subjects, while
patients with H. pylori-induced atrophic gastritis manifested a lower
bacterial abundance and diversity. This finding suggests that PPIs do
not significantly alter gastric microbiota nor do they contribute
significantly to the development of gastric cancer.®®

The main strength of our study is that it is a large-scale
endoscopic pathology-based study conducted in an HMO. We veri-
fied continuous membership, quantified PPI use for up to 10 years
before endoscopy, defined H. pylori infection status according to a
clarithromycin-based triple therapy and UBT result, validated the
treatment regimen from the patient records and performed a sensi-
tivity analysis for patients with verified H. pylori eradication up to
6 months after endoscopy. We also verified that the patients with a
GIM diagnosis did not have a diagnosis in the pathology database of
the HMO. Also, the associations of increasing age, treatment for H.
pylori infection and APCAs with the incidence of GIM observed in our
study are in accordance with those reported in other studies?%8-20
and validate our findings.

As a retrospective association study, the main limitation of this
study is that it did not clarify whether the association between PPI
use and the diagnosis of GIM is causative. Also, our sample size was
not large enough to allow stratification according to the timing of H.
pylori eradication. We also did not have information about the in-
dications for PPl use, adherence to the operative link on the GIM
assessment protocol for gastric biopsies,®* indication for performing
endoscopy and the use of over-the-counter (OTC) PPI use. Never-

theless, OTC PPl use was unlikely to be significant because PPI
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TABLE 2 Univariate and multivariate analysis for diagnosis of GIM

No GIM GIM Univariate Multivariate
N(%) N(%) OR 95% Cl p value Adjusted OR 95% Cl p value
Total
N (%) 12,903 (91.2) 1244 (8.8)
Age group, years
<50 2997 (96.7) 101 (3.3) 1.00 (Ref) = = 1.00 (Ref) = =
50-74 7255 (91.1) 719 (9.0) 2.92 2.36 3.61 <0.001 2.80 224 3.51 <0.001
75 2651 (86.2) 424 (13.8) 4.69 3.75 5.87 <0.001 4.54 3.55 5.80 <0.001
P total <0.001 - - Piotal <0.001
Sex
Women 7056 (91.7) 635 (8.3) 1.00 (Ref) 1.00 (Ref) - -
Men 5847 (90.6) 609 (9.4) 1.14 1.01 1.28 0.032 1.10 0.97 1.25 0.120
Ethnicity
Jewish 12,591 (91.2) 1208 (8.8) 110 078 1.56 0.587 1.27 0.89 181 0.190
Arab 410 (91.9) 36 (8.1) 1.00 (Ref) = = 1.00 (Ref) = =
Smoking status
Never 8368 (91.7) 760 (8.3) 1.00 (Ref) - - 1.00 (Ref) - -
Current/past 4535 (90.4) 484 (9.6) 1.18 1.04 1.32 0.008 121 1.06 1.37 0.003
H. pylori status
Negative 9183 (91.3) 872 (8.7) 1.00 (Ref) = = 1.00 (Ref) = =
Positive 3720 (91.3) 372 (9.1) 1.18 1.03 1.34 0.013 1.22 1.07 1.40 0.003
Anti-parietal cell antibodies
No 12,749 (91.5) 1187 (8.5) 1.00 (Ref) 1.00 (Ref)
Yes 154 (73.0) 57 (27.0) 4.04 2.95 5.52 <0.001 4.21 3.06 5.78 <0.001
PPl cumulative (DDD)?
PPI-Q1 3306 (92.7) 260 (7.3) 1.00 (Ref) o = 1.00 (Ref) = °
PPI-Q2 3373 (92.4) 279 (7.6) 1.05 0.88 1.24 0.573 1.10 0.92 1.32 0.284
PPI-Q3 3093 (90.7) 388 (9.3) 1.27 1.08 1.50 0.004 1.27 1.07 1.52 0.007
PPI-Q4 3131 (89.0) 388 (11.0) 1.60 1.37 1.88 <0.001 1.32 1.11 1.57 0.002
Piotal <0.001 Piotal 0.007
Family history®
No 12,794 (91.2) 1233 (8.8) 1.00 (Ref) 1.00 (Ref)
Yes 109 (90.8) 11 (9.2) 1.13 0.61 213 0.693 1.17 0.62 2.19 0.633
Charlson comorbidity index
None 4926 (93.0) 372 (7.0) 1.00 (Ref) = = 1.00 (Ref)
Mild 5128 (90.9) 514 (9.1) 1.33 1.16 1.53 <0.001 1.02 0.88 1.18 0.839
Moderate 1861 (88.8) 234 (11.2) 1.67 1.40 1.98 <0.001 1.12 0.93 1.35 0.252
Severe 986 (88.8) 124 (11.2) 1.67 1.34 2.06 <0.001 1.04 0.82 1.31 0.748

- - Ptotal <0.001 - - Ptotal 0.682
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No GIM GIM Univariate Multivariate
N(%) N(%) OR 95% Cl p value Adjusted OR 95% Cl p value
BMI quantiles
1st 2571 (91.8) 231 (8.2) 100  (Ref) 1.00 (Ref)
2th 2536 (89.9) 284 (10.1) 1.24 1.03 1.48 0.018 1.02 0.84 1.24 0.797
3rd 2516 (89.5) 294 (10.5) 1.30 1.08 155 0.004 0.97 0.80 1.18 0.774
4th 2525 (89.9) 285 (10.1) 1.25 1.04 1.50 0.014 0.92 0.76 1.13 0.477
5th 2597 (91.8) 231 (8.2) 099 081 1.19 0.910 0.75 0.61 0.92 0.007
- - Piotal 0.003 - - Piotal 0.051

Abbreviations: BMI, body mass index; Cl, confidence interval; DDD, drug daily dose; GIM, gastric intestinal metaplasia; OR, odds ratio; PPI, proton pump

inhibitor.
@Family history of malignant gastrointestinal tract.

bQ1-4: Quartiles of cumulative PPI dose in 10 years preceding index endoscopy.

AdjOR AdjOR AdjOR AdjOR
37 3 3 3~
2.5 2.5 25 2.5 2.43
2 2 2 2
1.69 1.67
1.5 1.5 1.5 1.40 1.5
1.32 ]
127 =92 120 121 1.20
1.10 111 1 [ ] 1.08 ]
1] 100 [ 1] 100 1 | 100 1] 100
0.5 0.5 0.5 0.5
0 0 0 0

PPI-Q1 PPI-Q2 PPI-Q3 PPI-Q4
H.pylori status: all

PPI-Q1 PPI-Q2 PPI-Q3 PPI-Q4
H.pylori negative

PPI-Q1 PPI-Q2 PPI-Q3 PPI-Q4
H.pylori positive

PPI-Q1 PPI-Q2 PPI-Q3 PPI-Q4
H.pylori positive, verified
eradication

FIGURE 2 Adjusted odds ratios (ORs) for the association of proton pump inhibitor (PPI) use and the diagnosis of pathologically confirmed
gastric intestinal metaplasia (GIM) among the whole cohort, Helicobacter pylori-negative patients, patients treated for H. pylori infection, and
patients with verified H. pylori eradication after treatment (a sensitivity analysis)

therapy is only reimbursed when the drug is purchased at CHS
member pharmacies. As the diagnosis of H. pylori infection was
inferred from dispensed drugs with clarithromycin-based triple
therapy, some misclassification of H. pylori-negative patients may
have occurred, as patients who were allergic to penicillin were
treated with non-clarithromycin-based therapies and therefore
incorrectly categorised as H. pylori negative. Nevertheless, this does
not affect the H. pylori-positive cohort, and the effect was probably
limited in size among the total H. pylori-negative cohort. It has also
been shown that in our region during the study period 93% of pri-
mary care physicians used clarithromycin-based triple therapy for
first-line treatment of H. pylori infection.®®> Finally, dietary habits

which may play a role in GIM have not been taken into account and
histological subtyping of GIM as complete or incomplete was not
performed, and there are still considerable barriers to the application
of this diagnostic tool.*¢

In summary, we report a dose-dependent association of PPI
doses with the diagnosis of GIM among patients treated for H. pylori
infection but not in H. pylori-negative patients. We also report that
the upper quartiles of PPl use were associated with a 5-10-fold
increased risk of GIM with LGD. As already suggested,?” larger
prospective studies with repeated endoscopy are needed to monitor
the incidence of GIM according to H. pylori infection status and PPI
use. Translational studies to elucidate further the mechanisms
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TABLE 4 Univariate and multivariate analysis for diagnosis of GIM with LGD
No GIM-LGD  GIM-LGD  Univariate Multivariate
N (%) N (%) OR 95% ClI p value  Adj OR 95% CI p value
Total 14,248 (99.7) 43 (0.3)
Age group, years
<50 3102 (100) 1(0.0) 1.00 (Ref) 1.00 (Ref)
50-74 8020 (99.8) 16 (0.2) 6.18 082 46.6 0.077 5.28 0.68 41.02 0.112
75 3083 (99.2) 26 (0.8) 26.1 354 1920 0.001 22.30 285 17432 0.003
Pt < 0.001 Piotal < 0.001
Sex
Women 7726 (99.7) 23 (0.3) 1.00 (Ref) 1.00 (Ref)
Men 6479 (99.7) 20 (0.3) 1.03 056 189 0.906 1.20 064 225 0.567
Ethnicity
Jewish 13,757 (99.7) 42 (0.3) 1.36 0.18  9.96 0.757 1.55 021 11.66 0.670
Arab 448 (99.8) 1(0.2) 1.00 (Ref) 1.00 (Ref)
Smoking status
Never 9164 (99.7) 31 (0.3) 1.00 (Ref) 1.00 (Ref)
Current/past 5041 (99.8) 12(0.2) 0.70 036 137 0.302 0.81 040 164 0.572
Helicobacter pylori status
Negative 10,084 (99.7) 34 (0.3) 1.00 (Ref) 1.00
Positive 4121 (99.8) 9 (0.2) 0.65 031 135 0.247 1.05 049 223 0.894
Anti-parietal cell antibodies
No 13,995 (99.7) 40 (0.3) 1.00 (Ref) 1.00 (Ref)
Yes 210 (98.6) 3(14) 4.98 153 1628 0.008 6.76 202 226 0.002
PPI cumulative (DDD)?
PPI-Q1 3585 (99.9) 2 (0.1) 1.00 (Ref) 1.00 (Ref)
PPI-Q2 3668 (99.8) 6 (0.2) 2.93 059 145 0.188 3.25 0.65 16.20 0.151
PPI-Q3 3417 (99.7) 11 (0.3) 5.77 128 260 0.023 5.66 124 2583 0.025
PPI-Q4 3535 (88.8) 24 (0.7) 12.1 287 515 0.001 10.12 232 44.10 0.002
Piotar < 0.001 Piotal 0.004
Family history®
No 14,086 (99.7) 42 (0.3) 1.00 (Ref) 1.00 (Ref)
Yes 119 (99.2) 1(0.8) 2.81 0.38 20.6 0.308 4.65 0.61 35.17 0.137
Charlson comorbidity index
None 5286 (99.8) 12 (0.2) 1.00 (Ref) 1.00 (Ref)
Mild 5619 (99.6) 23 (0.4) 1.80 0.90 3.3 0.098 0.94 046 192 0.855
Moderate 2088 (99.7) 7 (0.3) 1.48 058 376 0.413 0.54 020 143 0.216
Severe 1109 (99.9) 1(0.1) 0.40 005 3.06 0.375 0.12 002 092 0.041
Ptotal 0.221 Piotal 0.132
BMI quantiles
1st 2788 (99.5) 14 (0.5) 1.00 (Ref) 1.00 (Ref)
2th 2814 (99.8) 6(0.2) 0.42 0.16 110 0.080 0.30 011 079 0.015

(Continues)
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TABLE 4 (Continued)
No GIM-LGD  GIM-LGD  Univariate
N (%) N (%) OR
3rd 2797 (99.5) 13 (0.5) 0.92
4th 2806 (99.9) 13 (0.5) 0.28
5th 2822 (99.8) 6(0.2) 043

95%
0.43
0.09
0.16

Multivariate

Cl p value Adj OR 95% Cl p value
1.97 0.841 0.58 026 125 0.166
0.86 0.027 0.18 0.60 0.56 0.003
1.10 0.079 0.33 0.12 0.87 0.026
Piotal 0.061 Piotal 0.011

Abbreviations: BMI, body mass index; Cl, confidence interval; DDD, drug daily dose; GIM, gastric intestinal metaplasia; LGD, low-grade dysplasia; OR,

odds ratio; PPI, proton pump inhibitor.
2Family history of malignant gastrointestinal tract.

PQ1-4: Quartiles of cumulative PPI dose in 10 years preceding index endoscopy.

involved in PPI-induced carcinogenesis are also necessary. In the
meantime, we suggest that healthcare professionals should be
mindful of the association we describe and administer the minimum
effective PPl dose. Healthcare professionals should consider evalu-
ating patients' H. pylori infection status before initiating long-term
PPI treatment.
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