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Long-term PPl users and diagnostic categories
(Raghunath AS & O’Morain C, AP&T 2005)

Tabkle 3. Long-term PPl users and diagnostic cateqories

GERD or HH mi oesophageal % Peptic ulcer % NUD or ENRD % UID % Protection'
Ryder et ar 'o* 25 42 3 7 g
Goudie et ai * ™ 24 27 23 21 MK
Boutet etai 't 24 12 8 21 16
Hungin et ai *'t h4 3 B 22 29
vetvick and Straand > 48 a7 12 7 g
Hurenkamp etaI_E a7 24 14 20 5
Jacobson et ar " MK 0.6 [ 21 MK
Raghunath and Hungin '| 47 10 14 3z 14
Lassen etal>" 28 23 MK 23 41
Majurndar et af = A4 B 13 22 26

*tlajority of patie Aie-erere=-rrRe
tAssumptions made from the data provided in the paper. HH = hiatus hernia, MUD = nan-ulcer dyspepsia, UID = uninvestigated o




Rates of long-term PPl use
(Raghunath AS & O’Morain C, AP&T 2005)

Table 1. Rates of long-term PPl use

Reference Country ‘Definition’ Population size  Rate (mean) % (:
Ryder etaI.E LIk & months ar more RO 1483 0.05
Chen et aI.E; Roherts and ElatemanE ]2 All PRI prescribing in a defined period 41 GF practices  0.4*
Fubin et aI.E LIk =12 maonths 24 400 0.44*
Goudie etaI.E LIk Fepeat prescribing register 15 4495 0.2
Boutet e:raj_i Sicily, UK. Repeat prescribing register 42 GP practices 4%t
Hunain et af.ﬂ LIk & months ar more 46 BA0 0.45
Prach et aI.E LIk More than 56 dayshear 35 000 A
Foherts and Elatemanf; Yetvick and Straandﬁ Moy Caily defined unitz (DDLU 17104 0.8y
Jacohson et 20 7% shnfeldt-Mollerup et af =" Denmark  Constanttreatrment 7160 0.87
Hurenkamp =t aI.E Haolland More than 12 weeks 46 813 0.5
Tzai et aI.E; Chen ot aI.E Taiwan Prescription iterms and DDLU fl A
Jacobson et aI.E LISA mare than 90 days 168 727 1.6
Faghunath and Hunginf LIk & months ar maore 46 933 1.7
Lassen EEEI.E Cennmark =180 DOUbear 470000 1.2
Majumdar et aI.E LISA Equal to or more than 1 year 216720 1.5%

*Rates have been approximately estimated. In both studies lang-term PRI prescribing constituted anly @ small proportion ¢10% in |
tRates describie long-term acid suppression due to any drug — separate data for PPIs not provided.
fEstimated that the proportion of all long-term acid suppression due to PPIs is about GE%.




Publications that have examined the side effects of PPIs

Number of PPI safety
articles published”
oW HEPRORNED

1986 @

1989 /3
1990 =3
2004 /—3
2005 /3

2003 =/
2006

1991 =3
1992 =
1993 @
2007
2008

2000
2001
2002

Publications that have examined the side effects of PPIs since the release of omeprazole.
*Number of articles was calculated based on a PubMed search and then individually selected
based on relevance. The PubMed Search terms were ”proton pump inhibitor” OR ”pantoprazole”
OR "lansoprazole” OR "omeprazole” OR "esomeprazole” OR "rabeprazole” AND safety OR
adverse events OR risk AND Humans (MeSH) AND English (lang).

Yang & Metz, Gastroenterology 2010
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Tahle | Summary of potential adverse effects and dinical recommen dations
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Potential Effects of long-term PPI therapy
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The modified Schilling test (for protein-bound cyanocobalamin) before and

after 2 weeks of Omeprazole therapy
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Effect of short- and long-term treatment with omeprazole on the

absorption and serum levels of cobalamin
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Serum cobalamin level {pg/mL)

100

before during
Omeprazole therapy
Figure 3. Serum cobalamin levels in 25 gastro-oesophageal
reflux disease (GERD) patients before and during omeprazole
maintenance therapy. Mo signiticant difference in mean value
before and after treatment.

Schenk et al, AP&T, 1996
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Long-term use of proton pump inhibitors and vitamin B12 status
in elderly individuals

W. P J.DEN ELZEN®, Y. GROENEVELD®, W. DE RULJTER®, J. H. M. SOUVERIINT, 5. LE CESSIEYL,
W. J. J. ASSENDELFT" & J. GUSSEKLOO"

Aim
To investigate whether long-term proton pump inhibitor use is associ-
ated with an abnormal vitamin B12 status in elderly individuals.

Methods

One hundred and twenty-five long-term (>3 years) proton pump inhibi-
tor users aged 65 vears and above were recruited from general practices.
Their 125 partners (who did not use proton pump inhibitors) served as
the reference group. Vitamin B12 status was determined by serum levels
of vitamin B12 and homocysteine, and mean corpuscular volume.

Results

No differences in mean vitamin B12 levels were observed between the
long-term proton pump inhibitor users and their partners [345 (s.d.
126) pM vs. 339 (s.d. 133) pMm, P = 0.73], even after adjustment for age,
gender, Helicobacter pylori status and C-reactive protein levels
(P = 0.87). Four proton pump inhibitor users and three partners had
vitamin B12 levels <150 pm (3% vs. 2%, P = 1.00). No differences
between the groups were observed in homocysteine levels and mean
corpuscular volume.

Conclusions

No association between long-term proton pump inhibitor use and vita-
min B12 status was observed. Regular testing for low vitamin B12 levels
in elderly patients on long-term treatment with proton pump inhibitors
is therefore not recommended.




Studies Assessing Changes in Calcium Absorption Related to PPI Therapy

Study

Subjects

Intervention

Calcium absorption
methodology

Result

Serfaty-Lacrosniere,
1 995I 12}

13 healthy adults,
median age 59 years

Omeprazole 40 mg
daily for 7 days

Calcium consumed with
a meal, absorption
determined by
intestinal lavage

Mo difference in calcium
absorption between
treatment groups;
calcium absorption not
altered in all subjects
following gastric infusion
of 120 mL 0.1 M
hydrochloric acid

Graziani, 1995

Hardy, 1998

Graziani, 2002

8 healthy men, mean
age 38 years

16 dialysis patients,
mean age 61 years

30 dialysis patients,
mean age 57 years

Baseline and again after
omeprazole 20 mg
every 8 hours for 3 days

Baseline and again after
omeprazole 20 mg
daily for 2 months

Baseline and again after
omeprazole 20 mg
every 8 hours for 3 days

Postprandial increment
in serum calcium

Serum calcium measured
weekly at beginning
of dialysis

Fostprandial increment
in serum calcium

Lack of increase in serum
calcium with omeprazole
therapy, suggesting
decreased calcium
absorption

Lower serum calcium during
omeprazole therapy,
suggesting decreased
calcium absorption

Lack of increase in serum
calcium with omeprazole
therapy, suggesting
decreased calcium
ahsormtion

O'Connell, 2005

Postmenopausal
WOMmEen, mean age
76 years

Omeprazole 20 mg daily
for 7 days and placebo
daily for 7 days

Fasting serum T
isotope level 5 hours
after consuming
500 mg "°Ca carbonate

Calcium absorption
decreased from 9% to
4% following omeprazole
therapy (p - .05)

ACID SUPPRESSION AND CALCIUM ABSORPTION

Journal of Bone and Mineral Research

2787 B




PPl and Calcium charbonate absorption in women > 65yrs
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O’'Connell et al, Am J Med, 2005
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Long-term Proton Pump Inhibitor Therapy
and Risk of Hip Fracture JAMA 2006

Yu-Xiao Yang, MD, MSCE Context Proton pump inhibitors (PPIs) may interfere with calcium absorption through
James D). Lewis, MD, MSCE induction of hypochlorhydria but they also may reduce bone resorption through in-
hibition of osteoclastic vacuolar proton pumps.

Objective To determine the association between PPI therapy and risk of hip fracture.

Design, Setting, and Patients A nested case-control study was conducted using
— the General Practice Research Database (1987-2003), which contains information on
ORE THAN 47 000 HIP patients in the United Kingdom. The study cohort consisted of users of PPl therapy
fractures occur annually  3n4 nonusers of acid suppression drugs who were older than 50 years. Cases included
in the United Kingdom." 4] patients with an incident hip fracture. Controls were selected using incidence den-
Hip fracture is the main  sjty sampling, matched for sex, index date, year of birth, and both calendar period
manifestation of senile osteoporosis, and duration of up-to-standard follow-up before the index date. For comparison pur-

Solomon Epstein, MD
David C. Metz. MD




Risk of Hip Fracture Associated With Increasing Cumulative Duration of Proton Pump

Inhibitor Therapy.

Table 2. Risk of Hip Fracture Asscciated With Increasing Cumulative Duration of Proton
Pump Inhibitor Therapy

Cumulative Proton Pump Inhibitor Therapy Duration, y

1 2 3 4

Adjustedt 1.22(1.15-1.30)  1.41(1.28-1.56)  1.54(1.37-1.73)  1.59(1.39-1.80)

Abbreviations: Gl, confidencs interval; OR, odds ratio.

¥The ORs are from the conditiaonal logistic regression model matched by year of birth, sex, and both calendar period
and duration of follow-up before the index date, and included a quadratic term for duration of proton pump inhikitor
therapy in vears (P<2.007 for the test of significance for the guadratic tenmn).

tAdusted for matching vanakbles and all potential confounders in Takle 1.

Yang, Y. et al. JAMA 2006;296:2947-2953

Copyright restrictions may apply.



Potential pathways through which PPI therapy can decrease bone strength.

Long-term
PPI therapy

Y

Profound acid
suppression

1 Vitamin B12 I Calcium
absorption SYENRORSIIE R absorption
Vitamin B12 Parathyroid (-) Calcium
deficiency hyperplasia balance
¥ 7 v
T Homocysteine * Dgﬁ:ﬁgstic * Féaai’i“
Abnormal . Bone J
collagen formation - TPTH
Cross-linkKing * *
T Bone
+ vBMD resorption
I Cortical
vBMD and
dimensions
| | Bone strength (J

Yang & Metz, Gastroenterology 2010
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Aliment Pharmacol Ther 1998; 12: 83-98.

Iron absorption in patients with Zollinger—Ellison syndrome treated
with long-term gastric acid antisecretory therapy

C. A. STEWART, B. TERMANINI, V. E. SUTLIFF, J. SERRAND, F. YU, F. GIBRIL & B. T. JENSEN

Conclusions. Continuous treatment with omeprazole for 6 yhears does
not cause body iron stores or iron deficiency

Profon pump inhibitors suppress absorption of dietary non-
haem iron in hereditary haemochromatosis

Carol Hutchinson, Catherine A Geissler, Jonathan J Powell, Adrian Bomford
Gut 2007;56:1291-1295. doi: 10.1136/gut. 2006108613

Conclusions. Administration of a PPI to patients with Haemochromatosis

can inhibit the absor ption of non-haem iron from atest meal and the
habitual diet.



Long-term PPI therapy and Magnesium Absorption

Clinical Endocrinology (2008) 69, 338-341 doi: 10.1111/j.1365-2265.2008.03194.x

ORIGINAL ARTICLE

Severe hypomagnesaemia In Iong-term users of proton-pump
inhibitors
T. Cundy*t and A. Dissanayaket

Conclusions. PPl use can inhibit active magnesium transport in the intestine,
though it is not clear if this is an idiosyncratic effect.

ACID-BASE AND ELECTROLYTE TEACHING CASE Am J Kidney Dis, 2010

Severe Hypomagnesemia During Long-term Treatment With a Proton
Pump Inhibitor

Giuseppe Regolisti, MD, Aderville Cabassi, MD, Elisabetta Parenti, MD,
Umberto Maggiore, MD, PhD, and Enrico Fiaccadori, MD, PhD

Very few cases of severe hypomagnesemia related to long-term use of
proton pump inhibitors(PPIs) have been published to date,8-12 and
the likely pathogenetic mechanisms are not fully elucidated.



Potential Effects of long-term PPI therapy
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Surg Endosc (2005) 19: 16101612
DOL: 10.1007/s00464-005-0232-4

© Springer SciencetBusiness Media,

Gastric carcinoids

A temporal increase with proton pump introduction

N. Hodgson, L. G. Koniaris, A. S. Livingstone, D. Franceschi

Wiy

BN

and Other Interventional Technigues

i

Vb

]

Dewitt Daughtry Department of Surgery and the Sylvester Comprehensive Cancer Center, University of Miami,
3550 Sylvester Comprehensive Cancer Center (310T), 1475 NW 12th Avenue. Miami. FL 33136. USA
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Fig. 2. Ammual gastric carcinoad  incidence (198]1-2001 ) based on the
Florida Cancer Data System (FCDS: solid line, square) and the Sur-
veillance, Epidemiclogy, and End Resulis (SEER) program (dashed
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Long-term PPI therapy and GE hormon release
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Hugh James Freeman, MD, FRCPC, FACP, Senes Editor

Proton pump inhibitors and an emerging epidemic of gastric
fundic gland polyposis

Hugh James Freeman

............ In recent years, it has become evident that INCreasing
numbers of these polyps are being detected during
endoscopic studies, particularly in patients treated with Proton

pump inhibitors for prolonged periods. in some,
dysplastic changes in these polyps have also been reported.



Alimentary Pharmacology & Therapeutics 2006

Increased risk of fundic gland polyps during long-term proton
pump inhibitor therapy

M. JALVING™¥, J. J. KOORNSTRA®, J. WESSELING}, H. M. BOEZENS, S. DE JONGY &
J. H. KLEIBEUKER*

<1 year *

>1year R

1-5years _.—

>5 years —-‘-—-

0 1 2 3 4 5 6 7
PPl use Odds ratio

Figure 1. Odds ratios (with corresponding 95% confid-
ence intervals) for fundic gland polyps (FGPs) in patients
using proton pump inhibitors (PPIs). ‘Total’ shows the risk
of all PPI users vs. patients who had never used PPls.

<1 year, >1 year, 1-5 years and >5 years show the risk of
FGPs in patients who had used PPIs for these time periods
when compared with patients who had never used PPLs.
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Long-term PPI therapy and Gastric Cancer risk



GASTROENTEROLOGY 1999;116:813-822

Omeprazole and Dietary Nitrate Independently Affect
Levels of Vitamin C and Nitrite in Gastric Juice

CRAIG MOWAT, ANDREW CARSWELL, ANGELA WIRZ, and KENNETH E. L. McCOLL

University Department of Medicine and Therapeutics, Western Infirmary, Glasgow, Scotland

Fasting Gastric Nitrite Meal Stimulated Gastric Nitrite Fasting Gastric Ascorbic Acid
p=0.001 p<0.001 p=0.001
80 1 1 400 7 3 25 1 1
50 1 o 20 - .
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= 40 1 < —
3 5 E 15 s
5 g o 2
30 4 oo 200 - o
E 10 o .
o
20 - o S se o
P 100 ¢
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H i —; JﬁL—
0 i, 0 - : 0-
Pre On Pre On Pre On
Omeprazole Omeprazole Omeprazole

In H. pylori—infected subjects, omeprazole also decreased total vitamin C levels in
both gastric juice and serum.

Conclusions: Omeprazole and dietary nitrate independently decrease the
ascorbate/nitrite ratio. This may lead to an increased risk of gastric cancer.



Long-term PPI therapy and Gastric Cancer risk
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Long-term PPI therapy and Gastric Cancer risk

Kuipers EJ et al, 1996 N Eng J Med 334: 1018-2

(n=100)

We suggest that patients with reflux esophagitis who require profound acid-
suppressive maintenance therapy should be studied to determine whether they
are infected with H. pylori. If they are infected, therapy to eradicate H. pylori

should be considered.

Kuipers EJ et al, Gut 2004 53: 12-20

(n=232)

Helicobacter pylori gastritis may progress to glandular atrophy and intestinal
metaplasia,conditions that predispose to gastric cancer.

Profound suppression of gastric acid is associated with increased

severity of H pylori gastritis.
H pylori eradication did not worsen reflux disease or lead to a need for increased

omeprazole maintenance dose. We therefore recommend eradication of H
pylori in GORD patients receiving long term acid suppression.




Long-term PPI therapy and Gastric Cancer risk
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GASTROENTEROLOGY 2007;133:748-754

CLINICAL-ALIMENTARY TRACT

Chronic Proton Pump Inhibitor Therapy and the Risk of Colorectal Cancer

YU-XIAO YANG,**5 SEAN HENNESSY,*® KATHLEEN PROPERT,*® WEI-TING HWANG,*5 ALIREZA SEDARAT,/
and JAMES D. LEWIS**8

Table 2. ORs for Colorectal Cancer Assoclated With Increasing Durations of PPl Therapy

Duration of PPl use Cases, n (%) Controls, n (%) Crude OR# (95% CI, P value) Adjusted OR® (95% CI, P value)

MNonusers 3663 (82.7) 39,158 (88.4) Reference Reference

=] Y
Recent® 400 (9.0) 1,663 (3.8) 2.6(2.3-2.9, P< .001) 2.6 (2.3-2.9, P < .001)
Pastd 211 (4.8) 2,017 (4.8) 1.1(1.0-1.3, P=.1) 1.1 (0.9-1.3,P = .3)

1-2y 67 (1.51) b73(1.3) 1.3{1.0-1.6, P=.07) 1.2{0.9-1.6,P=.2)

2-3y 34 (0.8) 385(0.9) 1.0(0.7-1.4, P= .8) 0.9 (0.6-1.3,P = .6)

3-4y 24 (0.5) 211 (0.5) 1.2(0.8-1.9, P= .3) 1.1(0.7-1.7,P=.T)

4-5y 17 (0.4) 1401(0.3) 1.3(0.8-2.2, P= .3) 1.1 (0.7-1.9, P = .6)

=8y 16 {0.4) 144 (0.3) 1.2(0.7-2.0, P= .5) 1.1{0.7-1.9,P=.T)

Conclusions: Long-term proton pump inhibitor therapy at a regular dose is
not associated with a significantly increased risk of colorectal cancer.
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Long-term PPI therapy and Infection Risk (outside GI)

Annals of Internal Medicine 2008 ARTICLE

Proton-Pump Inhibitor Use and the Risk for Community-Acquired
Pneumonia

Monika Sarkar, MD; Sean Hennessy, PharmD, PhD; and Yu-Xiao Yang, MD, MSCE

Table 2, Odds Ratios for Community-Acquired Pneumonia Associated with Proton-Pump Inhibitor Exposure

Proton-Pump Inhibitor Case Control Odds Ratio (95% Cl); P Value
Exposure Patients, Participants,
n (%) n (%) Adjusted for Sex and Adjusted for Sex, Age, Adjusted for Sex, Age,
Age”® and Hospitalizations Hospitalizations, and
Office Visits
Monrecipient 73 187 (91.4) 770626 (96.3) 1.0 {reference) 1.0 (reference) 1.0 (reference)
Current recipient 3455 (4.3) 10031 (1.3) 2.05 (1.96-2.15); <=0.001 1.51 {1.43-1.59); <0.001 1.21 (1.14—1.27); <0.001
Daily dose
=1.5 DDD 3056 (3.8) 9126 (1.1) 1.92 (1.83-2.02); <0.01 1.46 (1.39-1.55); <0.001 147 (1.11-1.24); <0.001
>=1.5 DDD 299 (0.5) 905 (0.1} 2.89 (2.52-3.31); =0.001 1.94 (1.67-2.25); <0.001 1.56 (1.33-1.83); <<0.001
Duration of use
<30d 469 (0.6) 1100 (0.1) 3.16 (2.79-3.59); =0.001 2.37 (2.07-2.73);, <0.001 1.96 (1.69-2.29); <0.001
MNew recipients$ 361 (0.5) 595 (0.1) 4.31 (3.69-5.04); <0.001 3.27 (2.77-3.87); <0.001 278(2.33-3.33); <0.001
g b e ] TR TY e I - . r s G : s § e . N - R
30-180d 940 (1.2) 2447 (0.3) 253 (2.32-2.76); <0.001 1.62 (1.47-1.79); <0.001 1.25 (1.12-1.38); <0.001
=180 d 2046 (2.6) 6484 (0.8) 1.68 (1.59-1.78); <0.001 1.23 (1.25-1.41); <0.001 1.09 (1.02-1.16), 0.1

Past recipient 3424 (4.3) 19 215 (2.4) 1.50 (1.44-1.56); <0.001 1.20 (1.14-1.25); <0.001 1.01 (0.97-1.09); 0.58




Long-term PPI therapy and Infection Risk (Enteric tract)

The rates of common adverse events reported during treatment with
proton pump inhibitors used in general practice in England: cohort

studies Br. J Clin. Pharmacol, 2000

' v 1 v 2 2 y 2
Richard M. Martn, HNicholas R Dunn,” Shayne Freemande & Saad Shakir
"Unnerity of Brictol, Department of Social Medicine, Canynpe Hall, Whikeladies Road, Bricw!, BSS 2PR and “Drag Safery Researdr Ui, Bursledorn

Hall, Bhendel awe, .‘::Jlrll'|.1rrr_rr:ll:, SC131 1AA.

Table 2 Number, rates and rate ratios of common events during the first 6 months of exposure to lansoprazole or pantoprazole compared with

omeprazole (reference).

Number with Rate per 1000 days Rate difference Crude rate ratio Adjusted rate ratio
event of exposure (93% confidence limifs) (95% confidence limits) T (95% confidence limits)

Diarrhoea

Omeprazole 253 0.18 0 1 1

Lansoprazole 534 0.39 0.21 (0.17, 0.25) 2.12 (1.82, 2.47)%%* 241 {178, 2:51%%%

Pantoprazole 196 0.23 0.05 (0.01, 0.09) 1.23 (1.01, 1.50) 1.26 (1.02, 1.55)
Pain abdomen

Omeprazole 240 0.17 0 1 1

Lansoprazole 291 0.21 0.04 (0.01, 0.07) 1.22 (1.02, 1.46) 115 (095, 1.39)

Pantoprazole 144 0.17 0 (—0.03, 0.03) 0.98 (0.79, 1.20) 0.94 (0.75, 1.17)
Nausea/vomiting

Omeprazole 223 0.16 0 1 1

Lansoprazole 304 0.22 0.06 (0.03, 0.09) 1.33 (1.12, 1.59)%* 1.33 (1.10, 1.61)*

Pantoprazole 153 0.18 0.02 (—=0.02, 0.06) 1.08 (0.87, 1.34) 1.12 (0.90, 1.41)
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Take Home Messages

Although the use of long-term PPIs appear to have a high margin of
safety, further long-term studies and monitoring is required to ensure
that is indeed the case, particularly in the areas of upper
gastrointestinal cancers and infections. Further research is required

in relation to H. pylori, long-term PPIs. (Raghunath AS et al, AP&T,
2005)

The attention should move towards the appropriate prescription of PPI,
rather than the fear adverse effects of PPI. In fact, in clinical practise,
PPI are often prescribed in patients without a specific acid related
disease and continued long term based on their safety profile.

(Lodato F et al. Best Prac Res Clin Gastroenterol, 2010)

The safety of long-term PPI administration needs serious prospective
study. (McCarthy D. Curr Opin Gastroenterol, 2010)
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Increased Incidence of Small Intestinal Bacterial Overgrowth During
Proton Pump Inhibitor Therapy

LUCIO LOMBARDO,* MONICA FOTI,* OLGA RUGGIA,* and ANDREA CHIECCHIO*

Departments of "Gasfroanterology, and *Haalth Physics, Mauriziano Umberto 1st Hospital, Torino, ltaly
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Figure 3. Prevalence of small intestinal bacterial overgrowth (mean
value = standard deviation) in PPI-treated patients according to the
duration of therapy.



