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Abstract

Background and Aims: Anecdotal reports and studies of select populations suggest that the use of proton pump inhibitors
(PPIs) has increased since their introduction. We sought to determine recent trends in PPI use in the U.S. outpatient setting
and characteristics of patients and physicians that may predict their use.

Methods: We used data from the National Ambulatory Medical Care Survey (NAMCS) and the National Hospital Ambulatory
Medical Care Survey (NHAMCS) to estimate the prevalence of visits in which patients used PPIs from 2002 to 2009. We
tested for associations between PPI use and patient, physician, and practice characteristics using data from 2009. We also
estimated the prevalence of visits in which PPIs were used by patients without gastrointestinal complaints, diagnoses, or
other indications for their use and tested for associations between patient and physician characteristics and PPI use in
patients with no documented indication.

Results: PPIs were used in 4.0% of visits in 2002 and 9.2% in 2009 (p,0.001 for trend across years). The use of omeprazole
(0.9% in 2002 to 3.9% in 2009, p,0.001), esomeprazole (0.9% in 2002 to 2.3% in 2009, p,0.001), and pantoprazole (0.6% in
2002 to 1.6% in 2009, p,0.001) increased significantly over the study period. Among visits by patients using PPIs, 62.9%
documented no gastrointestinal complaints, gastrointestinal diagnoses, or other indicated reason for their use.

Conclusions: We found that PPI use increased significantly from 2002 to 2009 as did documented indications for their use.
Newly-prescribed PPI use did not change from 2006 to 2009. More research is needed to determine whether PPIs are
overused in the U.S. outpatient setting.
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Introduction

Overuse of healthcare services is often cited as a driver of rising

healthcare costs [1–4] and is an indicator of poor quality care [5–

7]. Anecdotal reports and studies of select populations suggest that

the use of proton pump inhibitors (PPIs) has increased since their

introduction in the late 1980s [8–15].

PPIs are used to treat gastrointestinal conditions such as gastro-

esophageal reflux disease (GERD) and peptic ulcer disease (PUD)

or in patients who may be at high risk for these diseases (e.g.

patients on non-steroidal anti-inflammatories [NSAIDs] and anti-

platelet therapy). Although PPIs are generally believed to be safe

medications, recent studies indicate that there may be harms

associated with their use such as pneumonia and fracture [16–25].

Overuse of PPIs may put patients at unnecessary risk for these

harms and may also contribute to rising health care costs.

One study has documented increased PPI use in the U.S.

outpatient setting but to our knowledge, no studies have examined

very recent national trends in PPI use in the U.S. outpatient

setting, the characteristics of patients on PPIs, the characteristics of

physicians who prescribe PPIs, and trends in indications for their

use [13]. Knowledge of these trends and characteristics may

inform patients, physicians, payers, and policymakers who want to

receive or deliver high quality, high value care.

We used data from two national surveys of visits to ambulatory

physicians to describe recent trends in the use of PPIs in the

ambulatory setting. We explored potential reasons for these trends

by looking at changes in the prevalence of newly prescribed PPIs,

changes in histamine blocker (H2-blocker) use, and changes in the

prevalence of indications for their use.

Methods

Source of Data
We used data from the National Ambulatory Medical Care

Survey (NAMCS) and the National Hospital Ambulatory Medical

Care Survey (NHAMCS) from 2002 through 2009. The NAMCS

and NHAMCS are annual surveys conducted by the Center for
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Disease Control’s (CDC’s) National Center for Health Statistics

(NCHS) on a nationally representative sample of visits to

physicians in office-based practices and hospital outpatient

departments [26–27].

The NAMCS and NHAMCS use a three-stage sampling design.

The first stage is based on geographic location, the second stage

identifies offices in each geographic location, and the third stage

samples visits within each office. The visits sampled take place

during a one week period that is randomly assigned for each

practice. Between 20% and 100% of the visits that week are

sampled depending on the size of the practice. The NCHS weighs

each visit so that the data can be used for national estimates. Each

visit weight accounts for selection probability, adjusts for non-

response, and accounts for other factors so that the national

estimates properly reflect the scope of ambulatory visits in the U.S.

Physicians in the fields of anesthesiology, radiology, and pathology

are excluded from the survey. Physicians who participate in the

survey cannot participate again for at least three years. There has

been no change in the sampling design for our study period.

The surveys collect physician and office demographics, patient

demographics, and visit-specific clinical information. For each

visit, the surveys record up to three diagnoses based on the

International Classification of Diseases, Ninth Revision, Clinical Modification

(ICD-9 CM) and up to three reasons for visits which are based on

the patient’s complaints or symptoms. The surveys also record up

to eight medications that the patient is currently taking or that are

prescribed at the visit. The survey specifically asks for both

prescribed and over-the-counter medications. The information

from each visit is recorded on a standardized survey form by the

physician, office staff, or a U.S. Census Bureau representative.

Each visit is weighted so that national estimates can be calculated.

The study was approved by the institutional review board of Weill

Cornell Medical College.

Study Design and Sample
We performed a trend analysis using NAMCS and NHAMCS

data from 2002 to 2009 and a cross-sectional analysis using data

from 2009. We included all visits by patients 18 years and older

who saw a physician.

Variables
Our main outcome variable was PPI use calculated both as the

number and percent of visits in which a PPI was prescribed,

ordered, supplied, administered, or continued. PPIs included

omeprazole, lansoprazole, rabeprazole, pantoprazole, and esome-

prazole (Table 1) [28]. We excluded dexlansoprazole because it

was introduced in 2009 and was used in very few visits in that year.

To understand whether changes in use could have been due to

more new PPI prescriptions, decreased H2-blocker use, or more

documented indications for PPIs, we also looked at new PPI

prescription and overall H2-blocker use and documented indica-

tions (see below). H2-blockers included ranitidine, cimetidine, and

famotidine (Table 1) [28].

Our main predictor variables were year (2002 to 2009), patient

age, patient gender, patient race/ethnicity (white, black, Hispanic,

other), number of chronic medical conditions (0, 1–3, .3),

primary payer (private insurance, Medicare, Medicaid, other),

physician specialty category (primary care, medical specialist,

surgical specialist), and practice type (private practice, community

health center, health maintenance organization, hospital outpa-

tient department, other).

We defined an indication for PPI use as a visit in which a

gastrointestinal diagnosis (GERD, gastrointestinal ulcer, gastroin-

testinal bleed, esophagitis, Barrett’s esophagus, esophageal varices,

dyspepsia, gastritis, Helicobacter Pylori infection, malignant

neoplasm of the esophagus or stomach, hepatitis, or liver disease)

was documented, the patient reported a gastrointestinal complaint

or a potential symptom that may be caused by a gastrointestinal

diagnosis (gastrointestinal bleeding, heartburn, abdominal pain,

chest pain, or cough), or documentation of a medication where

prophylaxis might be necessary (NSAIDs, anti-platelet therapies,

steroids) [29].

Analysis
We performed a visit-level analysis using visit sampling weights

to account for clustering at the physician and practice level and to

generate national estimates of counts and percentages. We used

the Pearson chi-squared test to compare patient and physician

characteristics between 2002–2003 and 2008–2009. We used

linear regression to test for linear trends in PPI use (overall and for

specific PPIs) between 2002 and 2009 while controlling for patient

Table 1. Proton pump inhibitors and H2-blockers used in the U.S.

Generic Name Trade Name Year introduced
Year patent
expired

Year available over the
counter Manufacturer

Proton Pump Inhibitors

Omeprazole Prilosec 1989 2002 2003 Astra Zeneca

Lansoprazole Prevacid 1995 2009 2009 Takeda Pharm

Rabeprazole Aciphex 1999 2006 NA Eisai Inc. and Janssen

Pantoprazole Protonix 2000 2006 NA Wyeth Pharm

Esomeprazole Nexium 2001 2008 NA Astra Zeneca

Dexlansoprazole Dexilant 2009 NA NA Janssen-Cilag

H2-blockers

Cimetidine Tagamet 1977 1994 1996 GlaxoSmithKline

Ranitidine Zantac 1983 1995 1995 GlaxoSmithKline

Famotidine Pepcid 1987 2000 1995 Merck, Johnson & Johnson

Nizatidine Axid 1988 2002 1996 Braintree Laboratories

doi:10.1371/journal.pone.0056060.t001
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and physician characteristics (age, gender, payer, race/ethnicity,

type of practice).

We used the Pearson chi-squared test and multivariable logistic

regression to test for associations between PPI use and patient,

physician, and practice characteristics using data from 2008 and

2009. We also estimated the prevalence of visits in which PPIs

were used by patients without gastrointestinal diagnoses, com-

plaints, or concomitant high-risk medication use. We used

multivariable logistic regression to test for associations between

the patient and physician characteristics described above and PPI

use in patients with no documented indication. All tests were two-

sided with a p-value of 0.05 considered significant.

Results

There were approximately 772 million ambulatory visits by

adults patients in 2002. The number of ambulatory visits increased

to 919 million visits in 2009. Patients seen in 2008–2009 were

older than patients seen in 2002–2003 (47.6% $65 years in 2008–

2009 vs. 40.5$65 years in 2002–2003), their primary payer was

more likely to be Medicare (46.5% in 2008–2009 vs. 36.0% in

2002–2003), and were more likely to be see in a community health

center (2.7% in 2008–2009 vs. 0.2% in 2002–2003) (Table 2).

The number of visits with documented PPI use increased from

30 million visits in 2002 to 84 million visits in 2009 (Figure 1A).

Overall PPI use rose significantly from 2002 to 2009 (4.0% of visits

in 2002 to 9.2% of visits in 2009, p,0.001, Figure 1B) even after

controlling for patient, physician, and practice demographic

changes. We found significant increases in the use of omeprazole

(0.9% of visits in 2002 to 3.9% of visits in 2009, p,0.001),

esomeprazole (0.9% of visits in 2002 to 2.3% of visits in 2009,

p,0.001), and pantoprazole (0.6% of visits in 2002 to 1.6% of

visits in 2009, p,0.001). These findings were, again, significant

even after controlling for patients, physician, and practice

demographic changes.

Table 2. Characteristics of visits, 2002–2003 and 2008–2009a.

Visits in 2002–2003, % Visits in 2008–2009,% p-value

Age 0.001

18–29 4.2 3.0

30–49 25.8 19.2

50–64 29.5 30.2

65–79 27.1 33.4

$80 13.4 14.2

Female Gender 61.7 62.5 0.68

Race/Ethnicity

White 76.5 75.8 0.91

Black 10.0 9.9

Hispanic 9.2 10.4

Other 4.3 3.8

No. Chronic Conditionsb

0 – 17.5 –

1–3 – 66.0

.3 – 16.6

Primary Payer

Private 49.2 41.0 ,0.001

Medicare 36.0 46.5

Medicaid 8.5 6.0

Other 6.3 6.5

MD Specialty

Primary Care – 55.0 –

Medical Specialist – 34.2

Surgeon – 10.8

Practice Type

Private Practice 84.0 84.2 ,0.001

CHC 0.2 2.7

HMO 1.1 1.1

Hospital OPD 7.5 8.8

Other 7.3 3.2

aWeighted percentages based on the sample that was surveyed.
bVariable not available in the 2002 and 2003 databases.
doi:10.1371/journal.pone.0056060.t002
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In 2008 and 2009, patients on PPIs were older than patients not

on PPIs (46.7% of patients on PPIs were .65 vs. 30.3% of patients

not on PPIs, p,0.001) and were more likely to have one or more

chronic medical conditions (81.9% vs. 64.3%, p,0.001) (Table 3).

Patients on PPIs were more likely to be seeing a primary care

physician (55.0% vs. 51.3%, p,0.001) or medical specialist

(34.2% vs. 27.1%, p,0.001) than a surgeon (10.8% vs. 21.6%,

p,0.001).

From 2006 to 2009, the percentage of newly prescribed PPIs

was very small and did not increase (1.1% of visits in 2006 vs.

1.1% of visits in 2009, p = 0.03, Figure 2A). From 2002 to 2009,

H2-blocker use did not decrease and, in fact, increased a small but

significant amount (1.1% of visits in 2002 to 1.6% of visits in 2009,

p = 0.04, Figure 2B). Possible indications for their use among all

visits increased from 2002 to 2009 (14.9% of visits in 2001 to

20.0% of visits in 2009, p,0.001) but the percentage of visits with

Figure 1. Changes in PPI use, 2002–2009.
doi:10.1371/journal.pone.0056060.g001
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a documented indication for their use among patients on PPIs did

not change (34.4% of visits in 2002 to 37.1% of visits in 2009,

p = 0.07).

In all years, the majority of visits with documented PPI use had

no documented indication (Figure 2B). Among visits by patients

using PPIs in 2009, 62.9% of patients had no documented

gastrointestinal complaints, gastrointestinal diagnoses, or concom-

itant high-risk medication. In multivariable analyses, we found no

correlation between any physician or practice characteristics and

PPI use without a documented indication (Table 4).

Discussion

In this study of PPI use in the ambulatory setting, we found

almost a three-fold increase in their use in recent years. In 2009,

PPI use was documented in almost a tenth of ambulatory visits

(over 80 million visits) compared with close to 4 percent of visits in

2002.

We explored three potential reasons for increased use of PPIs:

continuation of previously prescribed PPIs, a shift to use PPIs

rather than other acid reducers such as H2-blockers, and more

reasons for their use because of gastrointestinal diagnoses, patient

symptoms, and medications.

Our finding of little change in new prescriptions for PPIs

suggests that patients stay on PPIs chronically, that they may be

started in settings other than the outpatient setting (e.g. hospital,

nursing home), or that self-prescribe over-the-counter PPIs. The

second explanation is not supported by our findings: H2-blocker

use did not decrease over the study period and, in fact, increased

over our study period. The third explanation, increased docu-

mented indications, may also contribute to increased PPI use over

the study period.

Nevertheless, in all study years, we found that the majority of

visits with documented PPI use had no documented indication for

their use. These findings raise the question of whether PPI use

since 2002 reflects overuse rather than appropriate use. Potential

reasons for overuse include PPI continuation after a short term

indication (e.g. hospitalization), a belief that PPIs offer benefit with

little harm, and aggressive marketing to patients and physicians.

Interestingly, the two individual PPIs with the most significant

increase in their use were omeprazole and esomeprazole. Both of

these medications are made by the same manufacturer (Astra

Zeneca) and their increased use may reflect effective marketing -

both medications have been marketed as ‘‘purple pills’’ in multiple

media setting [30]. However, this may be mere coincidence

particularly because esomeprazole is not the most frequently

prescribed PPI. Increased omeprazole use may also be the result of

increased availability as an over-the-counter medication, its long

time on the market, and its availability in generic formulations

[28].

Our findings are in concert with reports that PPI use is

increasing worldwide. Reports from Taiwan, the United King-

dom, and Australia have all documented increased use [10,14,15].

For example, in Australia, researchers found a greater than one

thousand-fold increase in PPI use from 1995 to 2006 [9]; in the

United Kingdom researchers have documented that a majority of

PPIs are prescribed inappropriately [14].

Unfortunately, recent work has elucidated potential harms of

PPIs including pneumonia, fracture, enteric infection, and

malabsorption [16–25]. One study found a 1.6 fold increased risk

of community acquired pneumonia in patients on PPIs [22].

Another found a 1.3 fold increased odds of hospital-acquired

pneumonia in patients on PPIs [19]. Analyses of data from the

United Kingdom showed a 1.5 fold increased risk of hip fracture

with long-term PPI use [24].

Further, literature also suggests that the benefits of PPIs may be

overstated particularly for prophylaxis in hospitalized patients

[25]. In fact, a recent literature review found no significant

difference in stress ulcer prevalence in hospitalized patients who

received H2-blockers and PPIs [21]. If, in fact, such a high

percentage of patients are on PPIs for no reason, we may be

putting patients at undue risk.

Our study is limited primarily by the data available through the

NAMCS and NHAMCS. First, our evaluation is at the visit level,

not at the patient level so the percentages we report of percent of

visits, not percent of patients. It is possible that there is not a direct

correlation between the number of patients on PPIs and their use

documented at the visit level or it is possible that patients on PPIs

have more visits than patients not on PPIs. We did, however, look

at trends across years and documented medication use, diagnoses,

and symptoms at the visit level for multiple years. Second, our data

are limited to what is documented from the patient record.

Table 3. Characteristics of visits by patients on PPIs, 2008–
2009a.

No PPI, % On PPI, % p-value

Age ,0.001

18–29 12.3 3.4

30–49 29.0 20.6

50–64 28.5 29.3

65–79 21.4 32.6

$80 8.9 14.1

Female Gender 61.8 60.8 0.50

Race/Ethnicity

White 74.3 78.5 0.06

Black 11.5 9.3

Hispanic 10.2 9.0

Other 4.0 3.2

No. Chronic Conditions ,0.001

0 35.7 18.1

1–3 55.1 63.9

.3 9.2 18.0

Primary Payer ,0.001

Private 53.4 42.1

Medicare 29.2 46.2

Medicaid 8.5 6.3

Other 9.0 5.4

MD Specialty ,0.001

Primary Care 51.3 55.0

Medical Specialist 27.1 34.2

Surgeon 21.6 10.8

Practice Type

Private Practice 83.6 84.7 0.20

CHC 2.5 3.5

HMO 1.4 0.6

Hospital OPD 8.0 7.6

Other 4.6 3.6

aWeighted percentages based on the sample that was surveyed.
doi:10.1371/journal.pone.0056060.t003
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Although the surveys do ask for over-the-counter medications, it is

possible that PPIs that are available over-the-counter may not be

documented in the patient record. Conversely, we may be

overestimating potentially inappropriately used PPIs because not

all symptoms, diagnoses, and medications are documented in

NAMCS and NHAMCS. We also do not know whether PPIs were

prescribed on an as needed basis (prn) or the duration of therapy.

Lastly, it is possible that patients remain on PPIs long-term

because of rebound symptoms when they are removed from PPIs

[31].

In summary, we found a large and significant increase in PPI

use in the U.S. outpatient setting since 2002 but no increase in PPI

use without a documented indication or in new PPI prescriptions.

Nevertheless, the majority of patients on PPIs in all years had no

documented indication. Our findings confirm what has been

documented in smaller settings, older studies and international

settings. Our findings suggest that inappropriate PPI use is not

necessarily increasing but is still an important public health

problem.

While growing evidence points out important adverse associa-

tions with PPIs, they do remain effective drugs for their specified

indications. More research is needed to fully understand the scope

of overuse of PPIs in the ambulatory setting. These methods

include more granular reviews of their use in the ambulatory

setting or studies to understand why physicians prescribe and

patients use PPIs when the indications are not clear. Further

research should also address methods to change physician and

patient decisions regarding their use. Interventions such as

education, treatment guidelines, and decision support systems

may address this problem. Ultimately, however, physicians,

payers, policymakers, and even patients should be tasked with

evaluating the need for PPI therapy, especially for long-term use.

Acknowledgments

Drs. Rotman and Bishop had full access to all of the data in the study and

take responsibility for the integrity of the data and the accuracy of the data

analysis.

Author Contributions

Conceived and designed the experiments: TFB SRR. Analyzed the data:

TFB SRR. Wrote the paper: TFB SRR.

Figure 2. Changes in possible reasons for increased PPI use.
doi:10.1371/journal.pone.0056060.g002

Proton Pump Inhibitor Use

PLOS ONE | www.plosone.org 6 February 2013 | Volume 8 | Issue 2 | e56060



References

1. Korenstein D, Falk R, Howell EA, Bishop T, Keyhani S (2012) Overuse of

health care services in the United States: an understudied problem. Arch Intern

Med 172(2): 171–178.

2. Keyhani S, Falk R, Bishop T, Howell E, Korenstein D (2012) The relationship

between geographic variations and overuse of healthcare services: a systematic

review. Med Care 50(3): 257–261.

3. Gottlieb DJ, Zhou W, Song Y, Andrews KG, Skinner JS, et al. (2010) Prices

don’t drive regional Medicare spending variations. Health Aff (Millwood) 29(3):

537–543.

4. Sutherland JM, Fisher ES, Skinner JS (2009) Getting past denial–the high cost of

health care in the United States. N Engl J Med 361(13): 1227–1230.

5. National Committee for Quality Assurance (2007) The Essential Guide to

Healthcare Quality. Available: http://www.ncqa.org/Portals/0/Publications/

Resource%20Library/NCQA_Primer_web.pdf. Accessed 2012 Mar 15.

6. Institute of Medicine (2001) Crossing the Quality Chasm: A New Health System

for the Twenty-first Century. Washington: National Academy Press.

7. Agency for Healthcare Research and Quality website. Understanding healthcare

quality. Available: http://www.ahrq.gov/consumer/guidetoq/guidetoq4.htm.

Accessed 2012 Mar 15.

8. George CJ, Korc B, Ross JS (2008) Appropriate proton pump inhibitor use

among older adults: a retrospective chart review. Am J Geriatr Pharmacother

6(5): 249–254.

9. Hollingworth S, Duncan EL, Martin JH (2010) Marked increase in proton pump

inhibitors use in Australia. Pharmacoepidemiol Drug Saf 19(10): 1019–1024.

10. Barozzi N, Tett SE (2009) Gastroprotective drugs in Australia: utilization

patterns between 1997 and 2006 in relation to NSAID prescribing. Clin Ther

31(4): 849–861.

Table 4. Association between patient and physician characteristics and use of PPIs in patients with no documented indication,
2009a,b.

PPI use with no documented indication

No, % Yes, % aORb Adjusted p-valueb

Age

18–29 3.4 3.5 Ref

30–49 20.2 21.3 1.02 0.94

50–64 29.9 28.2 0.88 0.76

65–79 32.5 32.9 1.06 0.88

$80 14.1 14.1 1.07 0.87

Gender

Female 62.1 58.6 Ref

Male 37.9 41.4 1.14 0.30

Race/Ethnicity

White 78.6 78.3 Ref

Black 9.1 9.7 1.16 0.57

Hispanic 9.3 8.4 0.91 0.60

Other 3.0 3.6 1.49 0.38

No. Chronic Conditions

0 17.6 18.9 Ref

1–3 63.4 64.8 0.99 0.98

.3 19.0 16.4 0.85 0.54

Primary Payer

Private 41.5 43.1 Ref

Medicare 46.4 45.7 0.90 0.55

Medicaid 6.5 6.0 1.04 0.89

Other 5.5 5.2 1.11 0.72

MD Specialty

Primary Care 56.2 53.0 Ref

Medical Specialist 11.8 9.1 7.66 0.12

Surgeon 32.1 37.9 1.24 0.17

Practice Type

Private Practice 84.0 85.9 Ref

CHC 4.3 2.1 1.24 0.17

HMO 0.6 0.5 0.54 0.12

Hospital OPD 7.7 7.6 Omitted –

Other 3.4 3.9 1.15 0.67

aWeighted percentages based on the sample that was surveyed.
bAdjusted Odds Ratio controlling for patient age category, patient gender, patient race/ethnicity, primary payer, physician specialty, and practice type.
doi:10.1371/journal.pone.0056060.t004

Proton Pump Inhibitor Use

PLOS ONE | www.plosone.org 7 February 2013 | Volume 8 | Issue 2 | e56060



11. Polinski JM, Donohue JM, Kilabuk E, Shrank WH (2011) Medicare Part D’s

effect on the under- and overuse of medications: a systematic review. J Am
Geriatr Soc 59(10): 1922–1933.

12. Heidelbaugh JJ, Goldberg KL, Inadomi JM (2010) Magnitude and economic

effect of overuse of antisecretory therapy in the ambulatory care setting.
Am J Manag Care 16(9): e228–234.

13. Friedenberg FK, Hanlon A, Vanar V, Nehemia D, Mekapati J, et al. (2010)
Trends in gastroesophageal reflux disease as measured by the National

Ambulatory Medical Care Survey. Dig Dis Sci 55(7): 1911–1917.

14. Arasaradnam RP, Woodward T, Parrack L, Bartlett J, Bolton RP (2003) Audit
of proton pump inhibitor (PPI) prescribing: are NICE guidelines being followed?

Clin Med 3(4): 387–388.
15. Chen TJ, Chou LF, Hwang SJ (2003) Trends in prescribing proton pump

inhibitors in Taiwan: 1997–2000. Int J Clin Pharmacol Ther 41(5): 207–212.
16. Bavishi C, Dupont HL (2011) Systematic review: the use of proton pump

inhibitors and increased susceptibility to enteric infection. Aliment Pharmacol

Ther 34(11–12): 1269–1281.
17. Canani RB, Cirillo P, Roggero P, Romano C, Malamisura B, et al. (2006)

Therapy with gastric acidity inhibitors increases the risk of acute gastroenteritis
and community-acquired pneumonia in children. Pediatrics 117(5): e817–820.

18. Gray SL, LaCroix AZ, Larson J, Robbins J, Cauley JA, et al. (2010) Proton

pump inhibitor use, hip fracture, and change in bone mineral density in
postmenopausal women: results from the Women’s Health Initiative. Arch

Intern Med 170(9): 765–771.
19. Herzig SJ, Howell MD, Ngo LH, Marcantonio ER (2009) Acid-suppressive

medication use and the risk for hospital-acquired pneumonia. JAMA 301(20):
2120–2128.

20. Howell MD, Novack V, Grgurich P, Soulliard D, Novack L, et al. (2010)

Iatrogenic gastric acid suppression and the risk of nosocomial Clostridium
difficile infection. Arch Intern Med 170(9): 784–790.

21. Kantorova I, Svoboda P, Scheer P, Doubek J, Rehorkova D, et al. (2004) Stress

ulcer prophylaxis in critically ill patients: a randomized controlled trial.

Hepatogastroenterology 51(57): 757–761.

22. Laheij RJ, Sturkenboom MC, Hassing RJ, Dieleman J, Stricker BH, et al. (2004)

Risk of community-acquired pneumonia and use of gastric acid-suppressive

drugs. JAMA 292(16): 1955–1960.

23. Leonard J, Marshall JK, Moayyedi P (2007) Systematic review of the risk of

enteric infection in patients taking acid suppression. Am J Gastroenterol 102(9):

2047–2056; quiz 2057.

24. Yang YX, Lewis JD, Epstein S, Metz DC (2006) Long-term proton pump

inhibitor therapy and risk of hip fracture. JAMA 296(24): 2947–2953.

25. Yu EW, Bauer SR, Bain PA, Bauer DC (2011) Proton pump inhibitors and risk

of fractures: a meta-analysis of 11 international studies. Am J Med 124(6): 519–

526.

26. Centers for Disease Control and Prevention website. NAMCS scope and sample

design. Available: http://www.cdc.gov/nchs/ahcd/ahcd_scope.htm#namcs_

scope. Accessed 2012 Mar 8.

27. Centers for Disease Control and Prevention website. NAMCS estimation

procedures. Available: http://www.cdc.gov/nchs/ahcd/ahcd_estimation_

procedures.htm#namcs_procedures. Accessed 2012 Mar 8.

28. U.S. Food and Drug Administration website. Available: www.fda.gov. Accessed

2012 Jun 29.

29. Lanza FL, Chan FK, Quigley EM (2009) Guidelines for prevention of NSAID-

related ulcer complications. Am J Gastroenterol 104(3): 728–738.

30. Astra Zeneca Nexium Consumer website. Avalable: http://www.purplepill.

com/. Accessed 2012 Jun 29.

31. van der Velden AW, de Wit NJ, Quartero AO, Grobbee DE, Numans ME

(2010) Pharmacological dependency in chronic treatment of gastroesophageal

reflux disease: a randomized controlled clinical trial. Digestion 81(1): 43–52.

Proton Pump Inhibitor Use

PLOS ONE | www.plosone.org 8 February 2013 | Volume 8 | Issue 2 | e56060


