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DISSERTATION SUMMARY 

 
Objectives 

The primary objectives of this study were: 1) to examine the factors associated with persistent 

use of Proton pump inhibitors (PPIs) among adults with Gastroesophageal Reflux Disease (GERD); 

2) to examine the risk of pneumonia associated with users of PPIs versus non-users in community 

dwelling adults with GERD; and 3) to examine the risk of Clostridium difficile infection associated 

with the use of PPIs among community dwelling adults with GERD. 

Methods 

The study utilized retrospective cohort study design and nested case control study design using 

2003-2004 Truven MarketScan database. The study population included adults aged more than 

18 years of age, diagnosed with GERD anytime between July 1, 2003, and December 31 2003 for 

the first two aims of the study. The study cohort was limited to patients who had not filled a 

prescription for PPIs for 6 months preceding the index PPI prescription. The study population was 

followed for one year after first PPI prescription to examine the persistence and factors 

associated with persistence for the first aim of the study; patients were followed for one year 

after first GERD identification until pneumonia diagnosis for second aim of the study. For the 

third aim, a nested case control analysis was conducted and cases were identified from July 1, 

2003 to December 31 2004. Presence of PPI medication was evaluated 30 days before the 

diagnosis of C. difficile infection. Descriptive statistics were used to evaluate the characteristics 

of patients in the three aims. Accelerated Failure Time model was used for the first aim, time-

varying Cox proportional model and Fractional Polynomial model were used for the second aim 
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and conditional logistic regression was utilized for the third aim of the study.  

Results 

In the first objective, the study cohort consisted of 33,492 patients with a GERD indication and 

those using PPIs. The mean duration of PPI treatment was 136.8 days (95% CI: 135.2-138.5). After 

adjusting for other factors, several predisposing, enabling and need factors were associated with 

PPI persistence. Among predisposing factors, increased PPI persistence was observed among 

males (Survival Time Ratio (STR) 1.05); summer season (STR: 1.03), northeast region (STR: 1.10), 

north-central region (1.12) and west region (STR: 1.09) compared to south region; visi t to 

gastroenterology specialty care (STR: 1.17). Increased PPI persistence was observed with 

enabling factors, namely, comprehensive plan coverage (STR: 1.13) and decreased PPI 

persistence observed among HMO insured patients (STR: 0.95) compared to PPO/EPO insurance 

type. Among the need factors, increased PPI persistence was observed among patients with 

duodenal ulcer (STR: 1.26), corticosteroids (STR: 1.09) and antidepressants (STR: 1.10) and 

decreased PPI persistence was observed among patients with H. Pylori infection (STR: 0.47), 

gastritis (STR: 0.92), gastro-intestinal hemorrhage (STR: 0.92) and abdominal pain (STR: 0.93)  For 

the second objective, there were 89,378 patients with GERD indication in the study cohort and 

among these 60,207 (67.36%) patients were PPI users. Results from multivariate time varying Cox 

regression model revealed that 53% increased risk of pneumonia (HR, 1.53; 95% CI, 1.35-1.75) 

was associated among PPI users compared to non-users. The findings were consistent across 

multiple sensitivity analyses. Exposure of PPIs on a daily basis was associated with 32% (HR, 1.32; 

95% CI, 1.18-1.47) increased risk and cumulative duration of PPI use found to have a 37% (HR, 

1.37; 95% CI, 1.20-1.56) increased risk. Categorizing PPI users into current user, former user and 
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non-user of PPI showed a 2.44 times (HR, 2.44; 95% CI, 1.96-3.03) increased risk of pneumonia 

among current users compared to non-users. For the third objective, after controlling for risk 

factors, overall use of PPIs was not significantly associated with risk of C. difficile infection (Odds 

ratio (OR): 1.24, 95% Confidence Interval (CI): 0.57-2.68). Previous hospitalization (OR: 46.00, 

95% CI: 9.26-228.59), previous antibiotic exposure (low-risk (OR: 1.07, 95% CI: 1.02-1.12), 

medium-risk (OR: 1.22, 95% CI: 1.10-1.37) and high-risk (OR: 1.28, 95% CI: 1.11-1.47)), abdominal 

pain (OR: 4.10, 95% CI: 1.74-9.69) and disease severity (OR: 1.22, 95% CI: 1.02-1.46) showed 

increased risk of C. difficile infection.  

Conclusion 

The study found that several predisposing, enabling and need factors were associated with PPI 

persistence in GERD patients. PPI use was found significantly associated with pneumonia 

infection, however the medication use was not significantly associated with C. difficile infection. 
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SPECIFIC AIMS 

Within the USA, Pneumonia (21.8%) and Clostridium difficle infections (CDI) (17.1%) are among 

the top most critical public health concerns within a hospital setting.1,2 Almost half a million 

casualties and 29,000 deaths were caused by C. difficile infection in 2011 in the US.3,4 An 

incidence of 4 - 5 million in community acquired pneumonia (CAP),5 and an incidence of 51.9 per 

100,000 population in community acquired C. difficile infection  is observed in the US.3 With such 

high incidence of these infections, it becomes critical to reduce this risk to improve quality of 

care.    

Gastric acid suppressants, mainly proton pump inhibitors (PPIs), are considered a major risk 

factor for pneumonia and C. difficile infection in inpatient setting.6 PPIs are mainly prescribed for 

gastroesophageal reflux disease (GERD) along with other indications, namely, Helicobacter Pylori, 

Zollinger-Ellison Syndrome, esophagitis, Barrett’s esophagus, gastric ulcer, duodenal ulcer, peptic 

ulcer, gastritis, duodenitis, dyspepsia, gastrointestinal hemorrhage and concomitantly with non-

steroidal anti-inflammatory drugs (NSAIDs) as per the U.S. Food and Drug Administration (FDA)7-

12 and National Institute for Health and Care Excellence (NICE) guidelines of the UK.13-15 Although 

PPIs are generally considered safe on a short-term basis, there is very limited data regarding 

safety profile of PPIs in its extended use in community settings. 16-18 

Suppression of gastric acid increases the susceptibility to microbial colonization.19,20 

Regurgitation of gastric contents along with intestinal pathogen colonization, from stomach to 

lower respiratory tract, causes pneumonia.19-21 PPIs increase the risk of C. difficile infection by its 

direct effect on the C. difficile organism by facilitating the growth of the more virulent vegetative 

form. The anti-biofilm effect of PPIs can disrupt the normal gut microflora further facilitating the 



 10 

growth of resistant C. difficile organism. Along with altering the immunomodulatory and anti-

inflammatory effects of neutrophils leading to decreased bactericidal activity;20,22-24 PPIs 

decrease mucous viscosity increasing the permeability of C. difficile organism through the 

epithelial tissue.25,26 

With the risk of community acquired pneumonia appearing more in patients 65 years or younger 

than in older patients, there is a need for further research in this population.27,28 Patients on PPIs 

have been consuming the drug inappropriately for longer than recommended duration.29 As per 

Ally et al 18% of patients were using PPIs for more than 4 years.30 A median duration of 450 days 

of PPI therapy was observed among hospitalized patients according to a study by Nauton and 

colleagues.31 With previous data presenting inconsistent risk of pneumonia6,32-37 and C. difficile 

infection6,16,38-40 among PPI users compared to non-users, there is a need to control for indication 

bias caused due to prescription of PPIs in severe patients.6,33,35 No studies have compared the 

risk of infections among community dwelling GERD diagnosed patients, thus minimizing the bias 

for indication.  

Using 2003-2004 MarketScan Commercial Claims and Encounters database, the proposed 

retrospective cohort study will evaluate the duration of PPI use and the risk of community 

acquired infections. The specific aims of the research are: 

Specific aim 1: To determine factors associated with persistent use of PPIs among patients 

with GERD 

Hypothesis 1: Predisposing, enabling and need factors are associated with persistent use of 

PPI 

Specific aim 2: To examine the association between PPI use and risk of pneumonia among 
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community-dwelling adults with GERD indication 

Hypothesis 2: PPIs are associated with increased risk of pneumonia after adjusting for 

predisposing, enabling and need characteristics  

Specific aim 3: To evaluate the association between PPI use and risk of Clostridium difficile 

infection among community-dwelling adults with GERD indication 

Hypothesis 3: PPIs are associated with increased risk of Clostridium difficile infection after 

adjusting for predisposing, enabling and need factors 
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BACKGROUND AND SIGNIFICANCE 

Gastrointestinal disorders 

Number of motility disorders exist that can affect the gastrointestinal (GI) tract from top 

(esophagus) to bottom (colon and rectum). Every part of the GI tract- esophagus, stomach, small 

intestine and large intestine functions uniquely to perform motility, sensation and finally 

digestion. Disruption of such motility and sensation leads to several symptoms of GI disorders 

namely gastroesophageal reflux disease (GERD), dysphagia, achalasia, functional chest pain, 

gastroparesis, rapid gastric emptying, intestinal dysmobility, small bowel bacterial overgrowth, 

irritable bowel syndrome, and constipation.41 Gastrointestinal symptoms are common with 20-

40% of general population having at least one episode of dyspepsia or GERD annually.32,42,43 GERD 

being the blanket diagnosis among majority of PPI users 44 is prevalent among 30% of the western 

population.45 The prevalence of GERD symptoms is more common today than 25 years ago.46 

During the 1990’s GERD was identified as the digestive disease with the highest annual direct 

cost ($9.3 billion) in the United States with pharmaceutical drug cost accounting for 63% ($5.9 

billion). In 2004 the direct cost of GERD increased to $12 billion.47 

In GERD, the gastric contents regurgitate into the esophagus, provoking symptoms or 

complications which hampers an individual’s quality of life. The basis for gastro-esophageal reflux 

disease includes abnormal pressure functioning of esophageal sphincters.48 An effective 

treatment strategy for the gastric symptoms is reduction of gastric acid secretion, weakly 

achieved with either H2- receptor antagonists or strongly achieved with proton pump inhibitors  

(PPI).49,50  

Gastric parietal cells regulate gastric acid secretion by three major neuro-hormonal pathways. 
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Acetylcholine regulates neuronal secretion whereas gastrin and histamine regulate hormonal 

secretion. Conclusively, all the three pathways converge on H+ - K+ ATPase, the proton pump 

present in the parietal cells secreting gastric acid. Gastric acid with a pH of 0.8 is secreted by 

parietal cells and maintained at pH 1.4 throughout the day.51 Gastric acid with a pH < 4 has strong 

bactericidal activity capable of killing exogenous bacteria within 15 minutes of their entry. 52 

Gastric acid along with host gut microflora, local gut immunity, intestinal motility, intestinal 

secretion and epithelial barrier acts as a barrier to several exogenous enteric microbes.20,53 An 

increase in pH above 4 causes a state of hypochlorhydria potentially increasing susceptibility to 

bacteria.54 PPIs act selectively and irreversibly in inhibiting the gastric H+ - K+ ATPase and hence 

decreasing gastric acid secretions. Both the basal and stimulated secretion of gastric acid is 

inhibited independent of parietal cell stimulation. In order to achieve healing conditions, a 

targeted pH level of more than 3 during peptic ulcers and pH > 4 during GERD is desired. However, 

pH > 4 is observed as a watershed line for acquisition of various enteric infections.20 At 

therapeutic doses, gastric pH is generally greater than 4.55 Increased pH further leads to bacterial 

colonization thus facilitating the growth of Streptococcus pneumonia which then aspirates into 

lungs causing pneumonia.6,20,21,32,56,57 

Use of Proton Pump Inhibitors 

Proton pump inhibitors are ranked among the top three prescribed drugs in the USA with a yearly 

sale of $13.6 billion58 in 2010. Approximately 113 million prescriptions are filled annually in the 

United States.59 PPIs prescribing trend increased from 2001-2010 in the US ambulatory setting as 

per the preliminary study conducted by investigators 60 and according to previous studies.61,62 

Proton pump inhibitors are widely prescribed for a variety of indications namely, GERD, 
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Helicobacter pylori, Zollinger-Ellison Syndrome, esophagitis, Barrett’s esophagus, gastric ulcer, 

duodenal ulcer, peptic ulcer, gastritis, duodenitis, dyspepsia, gastrointestinal hemorrhage and 

concomitantly with NSAIDs as per the FDA7-12 and NICE guidelines of the UK.13-15  

PPIs usually have lower side effects63 making them the drugs of choice among acid-reflux 

patients. With a common approach of prescribing these acid suppressants frequently without 

suspicion of a malignancy in patients, has led to increased prescription of these drugs.32,64 

However, some studies have shown an increased risk of adverse events like infections, falls, 

fractures, vitamin B12 deficiency, iron deficiency among PPI users compared to non-users of 

PPI.6,17,34,36,65-69 

PPIs and Infections 

Pneumonia being an inflammatory condition of the lungs involves the pulmonary parenchyma 

and develops through proliferation of microbial pathogens at the alveolar level of the respiratory 

tract.70-72 An incidence of 4-5 million in community acquired pneumonia is observed in the USA. 

Increased consumption of PPI decreases acidic environment of the stomach making it more 

susceptible for bacterial growth. Regurgitation of such gastric contents in the lungs increases the 

chances of alveolar infection leading to pneumonia. Several studies in the past have found an 

increased risk of pneumonia among PPI users compared to non-users.33,34,36,67,69,73-75  

Similarly, an increased risk of C. difficile infection is seen among those using PPIs compared to 

non-users.16-18,38,39,76 C. difficile infection, considered as an important cause of hospital acquired 

infection has also been reported as an important cause of diarrhea in the community. In addition 

to altering gastric pH, PPIs are further implicated in disruption of the friendly gut ecology, causing 

altered bacterial growth, ranging from altered bacterial count77 to abnormal small intestinal 
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bacterial overgrowth (SIBO).78 PPIs thus can modulate the microflora of stomach, small and large 

intestine potentially increasing enteric infection.79 PPIs have also known to decrease gastric 

mucous viscosity and increase permeability of epithelial tissue, thus facilitating alternate 

mechanism by which C. difficile organism could harm the host.25,26 Previous studies have shown 

an increase in the vegetative state of C. difficile organism with increasing gastric pH, thus 

increasing the occurrence of C. difficile infection.80 PPI intake leading to alteration of gut 

microflora and increase in the vegetative form of C. difficile organism increases the risk of C. 

difficile infection among PPI users.16,17,38,39,80 

PPIs have further shown to affect the chemotactic migration of neutrophils in response to formyl-

MLP (formyl-methionyl-leucyl-phenylalanine), a potent chemo-attractant in bacteria;81,82 

phagocytosis of microorganisms;83 and neutrophil-endothelium expression of adhesion 

molecules.84 This important alterations of neutrophil function due to PPIs, relating to the 

alteration of v-type of H+ ATPase on neutrophils85, inhibition of IL-8 derived immune response or 

inhibition of formyl-MLP-induced elevation of the cytosolic calcium concentration in 

polymorphonuclear neutrophils is concerning.86 

Significance 

Appropriate benefits could be reaped if proton pump inhibitors are consumed in optimal doses 

and duration. Identifying the reasons for prescribing PPIs for a longer duration could help 

optimize the uncontrolled duration of PPI prescription. The current study would identify the 

factors responsible for prevalent use of PPIs. With respect to the risk of infections, literature lacks 

in utilizing complete information of PPI prescription in associating PPI use with infections in 

community settings. Utilizing PPI prescription as a time varying variable could analyze complete 
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information from initiation of PPI prescription to occurrence of the outcome. Some previous  

studies have shown some evidence of risk of infections in a community setting with PPI 

exposure.16,34,36,38,39,73 GERD is a major indication for PPI prescription and PPIs have been 

prescribed for more than recommended duration as per previous studies in this population.87-89 

Despite this, no studies have been conducted in GERD patients to evaluate the persistence and 

safety of PPI  in an outpatient setting. 

The primary goal of this study is to evaluate the factors responsible for persistent use of PPIs and 

examine the risk of infections among PPI users. The results of this study could help understand 

the factors responsible for long term prescription of PPIs and to estimate the risk of pneumonia 

and C. difficile infection due to PPIs among patients with a GERD indication in community setting. 

The results would significantly affect decision making of patients consuming PPIs, physician 

prescribing pattern and policy decisions regarding PPI usage. 
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FACTORS ASSOCIATED WITH PERSISTENT USE OF PROTON PUMP INHIBITORS 
AMONG PATIENTS WITH GASTROESOPHAGEAL REFLUX DISEASE 
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ABSTRACT 
Background:  

Proton pump inhibitors (PPIs) are among the widely used drugs and are often used for extended 

periods despite treatment guidelines recommending their short term use. Understanding of the 

factors associated with persistent use of PPIs can help to optimize their use. 

Objective: 

The study examined the factors associated with persistence of PPIs among adults diagnosed with 

gastroesophageal reflux disease (GERD). 

Methods: 

A retrospective longitudinal analysis was conducted using the 2003-2004 Truven MarketScan 

database. The study focused on adults aged ≥ 18 years of age who were diagnosed with GERD 

and initiated PPI treatment from July 1, 2003 to December 31, 2003. The study cohort was limited 

to patients who had not filled a prescription for PPIs for 6 months preceding the index PPI 

prescription. The persistence of PPI was defined as number of days to discontinuation of index 

PPI treatment without a gap of 30 or more days. The study cohort was followed for one year after 

the initiation of PPI medication. Descriptive analysis was performed to characterize the study 

population. Accelerated Failure Time regression model was used to examine the factors 

associated with PPI persistence. A statistical significance level of 0.05 was used in the study.  

Results: 

The study population consisted of 33,492 patients with a GERD indication and using PPIs.  The 

mean age of the cohort was 47 ± 11.26 years. Majority of the patients were females (58.5%) and 

were located in the Southern region (43.5%). The mean duration of PPI treatment was 136.8 days 

(95% CI: 135.2-138.5). Multivariate analysis revealed that several predisposing, enabling, and 
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need factors were significantly associated with PPI persistence. After adjusting for other 

variables, within the predisposing factors, 5% higher PPI persistence was seen among males 

(Survival Time Ratio (STR) 1.05 [95% Confidence Interval (CI), 1.03-1.08]), in summer season (STR: 

1.03, 95% CI: 1.01-1.05), northeast region (STR: 1.10, 95% CI: 1.06-1.15) north-central region 

(STR: 1.12, 95% CI: 1.09-1.15) and west region (STR: 1.09, 95% CI: 1.05-1.13) compared to south 

region and patients visiting gastroenterology specialty care (STR: 1.17, 95% CI: 1.13-1.21). Among 

the enabling factors, higher PPI persistence was seen among patients with comprehensive plan 

coverage (STR: 1.13, 95% CI: 1.09-1.16) and lower PPI persistence was seen among HMO plan 

coverage (STR: 0.95, 95% CI: 0.91-0.99) compared to PPO/EPO group. Among the need factors, 

higher PPI persistence was observed among patients with duodenal ulcer (STR: 1.26, 95% CI: 1.04-

1.53), patients using corticosteroids (STR: 1.09, 95% CI: 1.06-1.12) or antidepressants (STR: 1.10, 

95% CI: 1.06-1.15). Within the need factors, lower PPI persistence was observed among patients 

with H. Pylori infection (STR: 0.47, 95% CI: 0.40-0.54), gastritis (STR: 0.92, 95% CI: 0.88-0.96), 

gastro intestinal hemorrhage (STR: 0.92, 95% CI: 0.87- 0.98), and abdominal pain (STR: 0.93, 95% 

CI: 0.90-0.96).  

Conclusion: 

The study found that several predisposing, enabling and need factors were associated with PPI 

persistence in GERD patients. Both comorbidities and co-medications play an important role in 

continued PPI treatment.    
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INTRODUCTION 
Proton pump inhibitors (PPIs) are one of the most widely used drugs worldwide for the 

management of gastric disorders. Within the USA, PPIs are ranked among the top three 

prescribed drugs with a yearly sale of $13.6 billion in 2010. Approximately 113 million 

prescriptions are filled annually in the United States.1 Among the majority of acid reducing drugs 

available, PPIs are most potent due to their irreversible inhibition of the gastric H+ - K+ ATPase by 

binding to active proton pumps in the gastrointestinal system.5 Superiority of PPIs over 

histamine-2 receptor antagonists (H2RAs) has been proven in various randomized clinical trials 

and is widely accepted.6 With newer PPIs offering dosing flexibility, no major differences in 

efficacy are observed between PPIs.7-9  

PPIs are indicated for gastroesophageal reflux disease (GERD), erosive esophagitis, duodenal 

ulcers, gastric ulcers and other gastric disorders.10-17 PPIs are widely prescribed for 

gastroesophageal reflux disease18-20 with an 8-week course of PPIs recommended by the 

American College of Gastroenterology (ACG) for its treatment.21,22 PPIs are either used for short 

or long term depending on the indication for their prescription. Short-term use of PPIs is not 

associated with severe adverse effects; however, the safety of PPIs is jeopardized during long -

term treatment.23 FDA recommends patients be on lowest dose for the shortest period of time 

to treat their current condition.24  

Lack of proper indication, inappropriate dosing or inappropriate duration of treatment is termed 

as inappropriate use of medication25; as per previous studies 54% - 82% use of PPIs is for non-

evidence based indications.18 PPIs used at the maximum therapeutic dosage for more than 8 

weeks, are among the most frequent inappropriate medications as  per a study in the UK.26 More 

than 2 years of inappropriate PPI use was observed among 31% of patients and 25% were using 
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PPIs for more than 1 year as per a study by Haroon and colleagues.27 PPI continuation after H. 

Pylori eradication remains a major issue, with 2 studies reporting chronic use of PPIs among 50-

60% of subjects and subsequent contribution to 75% of PPI costs in the year after eradication.28,29 

As per a UK study, only 0.45% of subjects were classified as long term users but they contributed 

a larger percentage (40%) of PPI- related expenditure.30 

PPIs are usually considered as safe drugs because of infrequent side effects of modest severity; 

mainly including headache, diarrhea, constipation, nausea and rash. However, prolonged and 

non-judicious use of PPIs is associated with increased risks, namely, pneumonia, Clostridium 

difficile infection and fractures23,31,32 This increased risk is primarily due to decreased secretion 

of gastric acid leading to increased bacterial growth in the s tomach and regurgitation of the 

gastric bacterial content in the lungs leading to pneumonia. Furthermore, gastric epithelial lining 

is altered due to continuous intake of PPIs leading to increased risk of Clostridium difficile 

infection. The 2013 ACG guidelines recommend use of PPIs with caution among patients with a 

risk of C. difficile infections.33 PPIs are also known to decrease the absorption of calcium in the 

stomach, which are usually absorbed in the presence of an acidic pH, thus leading to fractures. 

Therefore, the US Food and Drug Administration (FDA) has issued warnings for the possible 

increased risk of fracture with the use of PPIs.34 Vitamin B12 deficiency, and iron absorption 

problems are other issues associated with use of PPIs.20 

Age, comorbidities, co-medications, long term stay in hospitals are various factors known to be 

responsible for inappropriate use of PPIs as per previous studies.18,19,35 However, few studies 

examined the factors responsible for persistent long term use of PPIs among adults with an 

indication for GERD. The objective of this study was to examine the persistence of PPI use and 
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the factors associated with persistent use of PPIs among adults with an indication for GERD. 

Identification of factors responsible for long term use of PPIs among the adults with GERD, might 

help mitigate the adverse effects related to unnecessary long term use of PPIs in this vulnerable 

population.  

METHODS 
Study Design  

A retrospective cohort design involving two years (2003-2004) of Truven MarketScan data were 

used to estimate the factors associated with persistent use of PPI among patients with GERD. 

Data Source 

MarketScan data warehouse is created by Truven Health Analytics SM to address the need for 

better data on privately insured Americans.36  The data is collected from employers, health plans, 

and state Medicaid agencies. The study was conducted using 2003-2004 MarketScan® 

Commercial Claims and Encounters Database (Commercial). PPIs were available over the counter 

in 2003, thus to avoid misclassification bias due to inclusion of non-prescription PPI drugs, an 

older dataset was utilized in the current study. Among different data files available from 

MarketScan, the study cohort was assembled by using medical claims file (inpatients admissions 

file, inpatients services file, outpatient services file and header file), outpatient prescription file 

and person-level enrollment information file. Medical claim files are linked to outpatient 

prescription drug claims file and enrollment information file using blinded patient identifiers. The 

study was approved by the institutional review board of the University of Houston. 

Study Population 

The study population comprised of incident users of proton pump inhibitor (PPI) medications 

such as omeprazole, pantoprazole, lansoprazole, esomeprazole and rabeprazole as per the 
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American Hospital Formulary Service (AHFS) drug information.37 PPI medications were identified 

from the prescription files by using National Drug Codes (NDC) and generic names. The 

prescription fill date of first proton pump inhibitor was defined as index date. Incident users were 

identified as patients without a PPI claim in six months preceding the index date. Adults ≥ 18 

years of age at the index date with continuous enrollment eligibility for 6 months before the 

index date were included in the final cohort. The diagnosis of GERD during the study period was 

confirmed by ≥ 1 inpatient or outpatient claim for GERD, defined as International Classification 

of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 530.1, 530.2, 530.3, and 

530.81.16,38 Patients with an evidence of pregnancy or prescription for H2 receptor antagonists at 

any time during the study period were excluded from the study cohort. The final study population 

consisted of continuously eligible GERD patients in the 6 months’ pre-index period, aged ≥ 18 

years at index date and initiated a PPI treatment in between 1st July 2003 - 31st December 2003. 

The study cohort was followed for one year from the index date. A schematic representation of 

the cohort formation is outlined in Figure 1. 

Persistence of Proton Pump Inhibitors  

The duration of time from the initiation to discontinuation of therapy was defined as medication 

persistence.39 Therefore persistence of index PPI medication was calculated by summing the 

number of days patient remained on index PPI therapy from the index PPI prescription date. A 

maximum gap of 30 days was permitted between consecutive refills of index PPI, even if the 

individual was persistent at a later stage the treatment episode for the individual was 

terminated.40 Switching within the class of PPIs was permitted since there are no major 

differences in efficacy between different PPIs.21,41 
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Covariates 

The Anderson Behavioral Model (ABM) of health services was used to examine the factors 

associated with discontinuation of index PPI medication among adults with GERD.42 The model 

has been previously used in other studies to examine the predictors of medication use.43,44 The 

predisposing, enabling and need characteristics as per ABM were selected from the literature 

and availability of the factors in MarketScan data. Predisposing characteristics included age, 

gender, region (Northeast, North-central, South, West, Unknown) Urbanity (rural, urban, 

unknown) and season (spring, winter, summer, fall) identified from eligibility and claims file. 

Enabling characteristics included insurance plan type (comprehensive, exclusive provider 

organization (EPO)/preferred provider organization (PPO), health maintenance organization 

(HMO), point of service (POS), consumer-driven health plan (CDHP)/ high deductible health plan 

(HDHP), unknown), and capitation of payment. The need characteristics mainly included 

gastroenterology specialty care (yes/no), Elixhauser comorbidity index, specific comorbidities  

and co-medications.45  

Comorbidities included in the Elixhauser comorbidity index and specific comorbidities were 

identified from the inpatient and outpatient medical claims file according to the ICD-9-CM codes. 

The specific comorbidities included Helicobacter Pylori infection, esophagitis, Barret’s 

esophageal syndrome, gastric ulcer, duodenal ulcer, peptic ulcer, gastritis, duodenitis, dyspepsia, 

gastrointestinal hemorrhage, osteoarthritis, rheumatoid arthritis, ankylosing spondyliti s, cystic 

fibrosis, chronic cough, heart burn, abdominal pain (epigastric & periumbilical), hoarseness, 

gastroparesis, anemia, hiatal hernia, stroke, transient ischemic attack, esophageal varices, 

Mallory-Weiss tear, gastrojejunal ulcer, acute pancreatitis  and chronic pancreatitis.16,19,38 Co-
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medications included in the study were non-steroidal anti-inflammatory drugs (NSAID’s), 

corticosteroids, antidepressants and antibiotics.  

Analytic Strategy 

Descriptive statistics were used to estimate characteristics of adults with GERD indication and 

using PPIs with respect to demographics, comorbidities and co-medications. The mean with 95% 

confidence interval (CI) and median duration of PPI treatment were calculated for the overall 

study group. Accelerated Failure Time regression using gamma distribution was conducted in 

order to examine the factors affecting time to discontinuation of index PPI medications after 

controlling for demographics, comorbidities and co-medications.46 The dependent variable was 

time to discontinuation (number of days) of the index PPI treatment. After exponentiations of 

the resulting parameter estimates for covariates the regression provides a ratio of the adjusted 

median time to discontinuation between groups or survival time ratios (STR).46 Each patient was 

followed for one year from the index PPI prescription fill date. The patients were censored at the 

time of discontinuation of index PPI medications or at the end of post-index enrolment period or 

at the end of study period (one year after index date) whichever comes first. All statistical 

analyses were performed by using SAS version 9.3 (SAS Institute Inc., Cary, North Carolina) with 

a priori significance level of 0.05. 

RESULTS 
Among the 19.6 million patients available in 2003-2004 MarketScan databases, 516,426 (2.6%) 

patients had an indication for GERD. Among the total number of PPI (65.1%) users with a GERD 

indication, 47,500 (14.1%) patients were incident PPI users within the accrual period (1st July 2003 

- 31st December 2003). After application of the exclusion criteria a total of 33,492 patients were 

available in the study cohort (Figure 1).  
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Table 1 illustrates the predisposing, enabling and need characteristics of adults in the study 

cohort. Most of the adults with a GERD indication and receiving PPIs were females (58.5%), had 

a mean age of 47.7 years [Standard Deviation (SD) 11.26], residing in the Southern region (43.5%) 

and had a Preferred Provider Organization (PPO)/Exclusive Provider Organization (EPO) (47.2%) 

as the type of benefit plan. The mean Elixhauser comorbidity index was 0.63 (SD = 2.64). Majority 

of the patients were not treated by a gastroenterology specialist (86.5%). As per Table 2, 

esomeprazole (31.5%), lansoprazole (30%) and pantoprazole (20.5%) were the top three PPIs 

prescribed in the post-index period. The average persistence of PPI treatment among the study 

cohort was 136.8 days (95% CI: 135.2-138.5) with an overall median persistence of 67 days. 

Figure 2 provides the unadjusted Kaplan Meier estimates of PPI treatment persistence. The PPI 

persistence becomes obvious 30 days after index PPI initiation. Table 3 provides the Survival Time 

Ratios (STR) of PPI medication persistence among adults with GERD. In the multivariate analysis 

controlling for other characteristics, several predisposing, enabling and need factors were 

significantly associated with PPI treatment persistence. Multivariate analysis revealed that 

several predisposing, enabling, and need factors were significantly associated with PPI 

persistence. After adjusting for other variables, within the predisposing factors, 5% higher PPI 

persistence was seen among males (Survival Time Ratio (STR) 1.05 [95% Confidence Interval (CI), 

1.03-1.08]), in summer season (STR: 1.03, 95% CI: 1.01-1.05), northeast region (STR: 1.10, 95% 

CI: 1.06-1.15) north-central region (STR: 1.12, 95% CI: 1.09-1.15) and west region (STR: 1.09, 95% 

CI: 1.05-1.13) compared to south region and patients visiting gastroenterology specialty care 

(STR: 1.17, 95% CI: 1.13-1.21). Among the enabling factors, higher PPI persistence was seen 

among patients with comprehensive plan coverage (STR: 1.13, 95% CI: 1.09-1.16) and lower PPI 
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persistence was seen among HMO plan coverage (STR: 0.95, 95% CI: 0.91-0.99) compared to 

PPO/EPO group. Among the need factors, higher PPI persistence was observed among patients 

with duodenal ulcer (STR: 1.26, 95% CI: 1.04-1.53), patients using corticosteroids (STR: 1.09, 95% 

CI: 1.06-1.12) or antidepressants (STR: 1.10, 95% CI: 1.06-1.15). Within the need factors, lower 

PPI persistence was observed among patients with H. Pylori infection (STR: 0.47, 95% CI: 0.40-

0.54), gastritis (STR: 0.92, 95% CI: 0.88-0.96), gastro intestinal hemorrhage (STR: 0.92, 95% CI: 

0.87- 0.98), and abdominal pain (STR: 0.93, 95% CI: 0.90-0.96). 

DISCUSSION 
In the current MarketScan study, mean PPI treatment persistence of 136.8 days [Standard 

Deviation (SD): 154.8] was observed among patients with GERD indication. As per Ozdil et al., the 

mean duration of PPI treatment was found to be 8.5 (±2.3) months among patients with GERD.32 

A mean duration of 102.7 days (±119.9) of PPI use among GERD patients without Barret’s 

oesophagus was observed by El-Serag et al in a retrospective cohort study conducted among 

patients enrolled in managed care plans in the US.40 Haroon and colleagues found that 31% of 

patients admitted to medical wards were using PPIs for ≥ 2 years and 25% were consuming the 

drug for more than one year.27 According to Zink et al, 80% and 50% of patients remained on acid 

suppression therapy at 3 and 6 months of follow-up, respectively.35 Overall the current study 

findings and previous literature suggests increased long term use of PPIs among GERD indicated 

patients; higher than the recommended PPI use duration guideline of 8 weeks among GERD 

patients as per ACG.21 A possible reason for this overuse could be the safety profile of PPIs. 

Another reason for long term PPI use could be that PPIs are a part of a standard order and very 

few healthcare providers would discontinue such orders. Such inappropriate long term use of 

PPIs could lead to adverse effects like fracture, infections and nutritional deficiencies.31,47 Thus 
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there is a need to manage use of PPIs among patients with an indication for GERD. 

The multivariate model suggested that many predisposing, enabling and need characteristics 

were associated with persistent use of PPI medications. Gender, season, region, urbanity, 

insurance plan type, certain comorbidities and co-medications were the key factors altering PPI 

medication persistence in the current study. Among the predisposing factors, increased 

persistence of PPI use among males could be attributed to increased acid output among males 

compared to females. Females are also believed to possess smaller gastric surface area and 

corresponding smaller parietal cell mass as compared to males.48 With respect to seasonal 

variation in the incidence of GERD and thus use of PPIs, previous studies have shown altered 

gastric acid secretion and incidence of GERD as per different seasons around the year.49,50 

However, an increased GERD incidence and gastric acid secretion is observed in winters and 

autumn season compared to summer season in previous studies. The results obtained from 

current study are contrary to previous literature and further research needs to be conducted in 

seasonal variation of PPI persistence among patients with GERD. With respect to regional 

variation in PPI prescription the current study aligns with previous literature showing decreased 

PPI prescription in southern region as compared to west or northeast region.51 Within different 

insurance plan types, enabling factors, current study found increased PPI persistence among 

patients with comprehensive benefit plan and decreased PPI persistence among HMO insured 

patients compared to PPO/EPO insurance. One reason for lower persistence of PPI use among 

patients within the HMO plan could be the appropriate management of medication prescription 

by a single assigned primary care physician within the HMO plan compared to visits made to 

multiple physicians in the PPO/EPO plan type. However, literature does not show a variation in 
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PPI prescription according to insurance plan type.52 Within the need factors, current study 

suggests decreased persistence of PPI medication among patients with H. Pylori infection as 

compared to patients without H. Pylori infection. One of the reasons for this could be the 

population being considered in the current study, H. Pylori infection in presence of GERD has a 

protective effect towards the disease. Thus, as a result, individuals with both H. Pylori and GERD 

indication have decreased PPI medication persistence.53,54 Another reason for decreased PPI 

persistence among individuals with H. Pylori infection could be that the anti-secretory effect of 

PPIs depends on the presence of infection. However, studies also suggest that the clinical 

relevance of this mechanism among GERD patients remains undecided.53 Even FDA recommends 

a shorter duration (7 days) combination dose of PPIs and antibiotics among patients with H. Pylori 

infection, however some studies have shown to have increased efficacy with increasing 

combination therapy among patients with H. Pylori infection.  

An increased persistence of PPI use among patients with duodenal ulcer is observed in the 

current study.  One of the primary reasons for increased persistence of PPI use among patients 

with duodenal ulcers could be to further decrease acid secretion to favor ulcer healing in the 

gastrointestinal passage.55 The current study suggests a decreased persistence of PPI use among 

patients with gastritis. As per previous literature, individuals with GERD using PPIs for a longer 

duration are at an increased risk of atropic gastritis with the consequent theoretic risk of gastric 

cancer.53,54 Thus, to avoid a future risk of gastric cancer, lower prescription of PPIs could be seen 

among patients with gastritis and GERD in the current study.  

Patients with gastric hemorrhage were using PPIs for a shorter duration as compared to patients 

without gastric hemorrhage. The acid reducing action of PPIs are useful in the treatment of gastric 
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hemorrhage caused in patients with severe GERD indication,56 thus an increased persistence of 

PPI use was expected among patients with gastric hemorrhage. Further research needs to be 

conducted to evaluate the reasons for decreased persistence of PPI use among patients with 

gastric hemorrhage. Patients with abdominal pain were found to have lower persistence of PPI 

use compared to patients without abdominal pain. Some studies conducted with over-the-

counter acid reducing drugs suggest that patients using PPIs and experiencing symptoms such as 

troublesome dysphagia, weight loss or predominant upper abdominal pain are recommended a 

medical referral before further use of acid reducing drugs . Thus, as a precautionary measure, 

patients with abdominal pain could have lower persistence with PPI medications.57  

Patients using antidepressants are observed to have an increased persistence of PPI medication 

as compared to patients not using antidepressants. Primary reason for this could be the higher 

risk of upper gastro-esophageal reflux disease (UGRD) associated with the use of antidepressants, 

especially selective serotonin reuptake inhibitors (SSRI).58 This increased UGRD risk could be 

mainly attributed to the inhibition of platelet aggregation effect of antidepressants, seen among 

patients with depression.59 Previous studies have shown the use of PPIs among elderly patients 

using SSRIs even though an appropriate indication of use of this drug with antidepressants is not 

available.60 Increased persistence of PPI is observed among patients using corticosteroids as 

compared to those not using corticosteroids. Patients with GERD indication and using 

corticosteroids are more likely to show presence of eosinophilic esophagitis as a comorbid 

condition and thus are prescribed PPIs for a longer duration as compared to patients without 

eosinophilic esophagitis.61 The current study also shows an increased percentage of patients with 

the presence of esophagitis (14.4%) to support the results obtained in multivariate analysis. 
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Patients visiting gastroenterology specialty care could be more severe compared to those not 

visiting gastroenterology specialty care, thus this could be the reason for increased persistence 

of PPI prescription among patients visiting gastroenterology specialty care in the current study. 

The strengths of the current study include use of a large commercial claims database, 

comprehensive diagnosis and medication information. Furthermore, this study helps understand 

the predictors of long term use of PPI among community dwelling adults with an indication for 

GERD.  Pharmacists could play an important role in optimizing PPI use in community dwelling 

adults, like they have been doing with other medication classes, such as, psychotropic drugs.62 

Claims and enrollment data are complete, accurate and reliable. This study has some limitations, 

namely, an older 2003-2004 MarketScan dataset was used for the current study analysis. An older 

dataset was used for several reasons. Firstly, PPIs were first available over the counter in 2003,63 

using recent database could have included misclassification bias in the study due to inclusion of 

OTC PPI users. The findings are limited to the definition of indications based on ICD-9-CM codes. 

The MarketScan claims databases are based on a large selected sample, since the sample is not 

random it may be difficult to generalize to other populations. However, the MarketScan data can 

complement other datasets or can be used as benchmarks against them. Majority of the 

MarketScan data comes from large employers thus data from medium or small firms are not 

included. 

CONCLUSION 
On an average, 19.5 weeks of PPI use was observed among community dwelling adults with GERD 

indication, in spite of an 8 weeks permissible PPI use duration among these patients, as per ACG. 

Predisposing factors like gender, season, region, urbanity; enabling factors like insurance plan 

type and need factors like comorbidities and co-medications were associated with persistence of 
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PPI use. The results of this study could help healthcare providers like physicians and pharmacists 

to understand the factors that contribute to persistent use of PPIs and the effort needed to 

optimize PPIs among patients with GERD. Further studies examining the relationship between 

the PPI persistence and risk of adverse events like infections, fracture, etc. could be considered. 

Further research could also be conducted evaluating factors responsible for PPI persistence 

among patients other than GERD indication.    
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Continuously enrolled in medical and 
pharmacy claims for 6 months during 

pre-index period [N= 40,252] 

Total number of Proton Pump Inhibitor 

(PPI) users [N= 336,639] 

PPI users within accrual period (July 1, 
2003 to December 31, 2003) 

ie. New users [N= 47,500] 

Not continuously enrolled for 6 
months in pre-index period       
[N= 4,910] 

Age ≥ 18 years [N= 45,162] 

Number of patients without GERD 
[N= 19,118,052] 

Consuming PPIs in the pre-index 
period. [N= 289,139] 

Patients without pregnancy        
[N= 38,044] 

 

Age <18 years [N= 2,338] 

Presence of H2 receptor antagonists 
medication [N= 4,552] 

Patient cohort with all inclusion and exclusion criteria [N= 33,492] 

Total number of patients         
[N= 19,634,478] 

 

Patients with pregnancy [N= 2,208] 

 

 

PPI non-users [N= 179,787] 

 

Total number of patients with GERD 
[N= 516,426] (2.6%) 

 

 

Figure1: Identification of community dwelling adult cohort with GERD diagnosis and using Proton pump inhibitors.  
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Figure 2: Survival distribution of proton pump inhibitor (PPI) treatment among community 

dwelling adults with gastroesophageal reflux disease. 
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Table 1: Characteristics of community dwelling adults with GERD and using PPIs  
N Patients All Patients 

  (N=33,492) 

Age in years, Mean (SD) 47.70 11.26 

Age-group in years (n, %)    

18-34 4,791 14.3 
35-44 6,946 20.7 

45-54 10,739 32.1 
55-64 10,801 32.2 

65-74 198 0.6 
75+ 17 0.1 

Gender (n, %)     

Male       13,910  41.5 
Female       19,582  58.5 

Season of index medication    
Winter 4,780 14.3 

Summer 12,924 38.6 
Autumn/Fall 15,788 47.1 

Region (n, %)     

Northeast 3,468 10.4 
North Central 10,206 30.5 

South 14,558 43.5 
West 4,915 14.7 

Unknown 345 1 

Urbanity (n, %)     

Rural 7,931 23.7 

Urban  25,287 75.5 
Unknown 274 0.8 

Payer Type (n, %)     
Commercial  33,492 100 

Medicare - - 
Plan Type (n, %)     

Comprehensive 5,658 16.9 

PPO/EPO 15,815 47.2 
HMO 5,366 16 

POS 6,576 19.6 
CDHP / HDHP 19 0.1 

Unknown 58 0.2 

Capitation (n, %)     

No 29,349 87.6 

Yes 4,143 12.4 
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Index Year     

2003 33,492 100 

Elixhauser Comorbidity Index    

Mean (SD) 0.63 2.64 

Specific comorbidities (n, %)     

Esophagitis 4,838 14.4 

Gastritis 2,534 7.6 
Abdominal pain (epigastric & Periumbilical) 1,505 4.5 

Anemia 1,295 3.9 
Chronic cough 1,150 3.4 

Osteoarthritis 743 2.2 
Dyspepsia 670 2 

Gastrointestinal hemorrhage 452 1.3 

Heart burn 368 1.1 
Hoarseness 288 0.9 

Gastric ulcer 259 0.8 
Duodenitis 228 0.7 

Rheumatoid Arthritis 224 0.7 

Peptic ulcer 192 0.6 

Helicobacter Pylori 176 0.5 
Duodenal ulcer 109 0.3 

Transient Ischemic attack 93 0.3 

Acute Pancreatitis 70 0.2 
Barret’s esophagus 46 0.1 

Gastroparesis 36 0.1 
Stroke 35 0.1 

Baseline Medications (n, %)     
Antibiotics 10,725 32 

Corticosteroids 6,702 20 

NSAID's 5,026 15 
Antidepressants 2,596 7.8 

Gastroenterology specialty care (n, %)     

Yes 4,530 13.5 

 
 Key: CDHP - Consumer-driven health plan; EPO - Exclusive provider organization; HDHP - High 
deductible health plan; HMO - Health maintenance organization; POS - Point of service; PPO -  
Preferred provider organization; SD - Standard deviation. 
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Table 2: Type of post-index PPI medication 

PPI N % Duration in days 

Mean SD 

Esomeprazole 10,564 31.5 152.08 161.06 
Lansoprazole 10,060 30 125.88 150.16 

Pantoprazole 6,853 20.5 142.35 156.55 

Rabeprazole 4,948 14.8 140.66 154.90 
Omeprazole 3,995 11.9 131.52 148.30 

   



 53 

Table 3: Survival time ratios from an Accelerated Failure Time Model of Adults treated with 

Proton Pump Inhibitors for GERD indication 

Characteristic (versus 
reference category) 

Survival time 
ratio 

95% Confidence Interval P value 

Patient's age         

18-34 0.68 0.41 1.14 0.15 

35-44 0.76 0.45 1.27 0.29 

45-54 0.85 0.51 1.42 0.53 

55-64 0.92 0.55 1.55 0.77 

65-74 0.87 0.51 1.48 0.60 

75+ 1.00 0.00 0.00 . 

Gender         

Male (Female) 1.05 1.03 1.08 <.0001 

Season         

Winter (Autumn/Fall) 0.99 0.96 1.03 0.67 

Summer (Autumn/Fall) 1.03 1.01 1.05 0.01 

Region         

Northeast (South) 1.10 1.06 1.15 <.0001 

North Central (South) 1.12 1.09 1.15 <.0001 

West (South) 1.09 1.05 1.13 <.0001 

Unknown (South) 0.60 0.47 0.75 <.0001 

Urbanity         

Rural (Urban) 1.01 0.99 1.04 0.27 

Unknown (Urban) 1.86 1.43 2.41 <.0001 

Plan type         

Comprehensive (PPO/EPO) 1.13 1.09 1.16 <.0001 

HMO (PPO/EPO) 0.95 0.91 0.99 0.01 

POS (PPO/EPO) 1.00 0.97 1.04 0.77 

CDHP/HDHP (PPO/EPO) 1.08 0.69 1.69 0.73 

Unknown (PPO/EPO) 1.15 0.88 1.51 0.30 

Capitation         

No (Yes) 1.01 0.97 1.06 0.59 

Elixhauser Comorbidity Index 0.23 -1.11 1.58 0.74 

Specific comorbidities          

Helicobacter Pylori (none) 0.47 0.40 0.54 <.0001 

Esophagitis (none) 1.03 0.99 1.06 0.11 

Barret’s esophagus (none) 1.27 0.94 1.72 0.12 

Gastric ulcer (none) 0.98 0.87 1.11 0.75 

Duodenal ulcer (none) 1.26 1.04 1.53 0.02 
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Peptic ulcer (none) 0.95 0.82 1.09 0.46 

Gastritis (none) 0.92 0.88 0.96 <.0001 

Duodenitis (none) 0.98 0.86 1.12 0.82 

Dyspepsia (none) 0.96 0.89 1.04 0.28 

Gastrointestinal hemorrhage 
(none) 

0.92 0.87 0.98 0.00 

Osteoarthritis (none) 1.05 0.99 1.11 0.11 

Rheumatoid Arthritis (none) 1.05 0.93 1.18 0.44 

Chronic cough (none) 1.05 0.99 1.12 0.08 

Heart burn (none) 1.04 0.94 1.15 0.46 

Abdominal pain (epigastric & 
Periumbilical) (none) 

0.93 0.90 0.96 <.0001 

Hoarseness (none) 1.04 0.93 1.17 0.47 

Anemia (one) 0.98 0.92 1.04 0.49 
Transient Ischemic attack 

(none) 
0.91 0.74 1.11 0.36 

Acute Pancreatitis (none) 1.25 0.99 1.57 0.07 

Medications         

NSAID's (none) 1.01 0.98 1.05 0.38 

Corticosteroids (none) 1.09 1.06 1.12 <.0001 

Antidepressants (none) 1.10 1.06 1.15 <.0001 

Antibiotics (none) 0.98 0.95 1.01 0.14 

Gastroenterology specialty 
care  

        

Yes (No) 1.17 1.13 1.21 <.0001 
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MANUSCRIPT 2 

RISK OF PNEUMONIA ASSOCIATED WITH PPI USE AMONG COMMUNITY DWELLING ADULTS 

WITH GASTROESOPHAGEAL REFLUX DISEASE 
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ABSTRACT 
 

Background: 

Proton pump inhibitors (PPIs) are widely used drugs despite their associated adverse effects. 

Most of these adverse effects were evaluated in inpatient settings and limited data exists 

regarding it adverse effects in community settings.  

Objective: 

To examine the risk of pneumonia associated with the use of PPIs in community dwelling adults 

with Gastroesophageal Reflux Disease (GERD). 

Methods: 

The study involved a retrospective cohort study design using Truven Health Analytics 2003-2004 

MarketScan database. The study population included adults aged more than 18 years of age, 

diagnosed with GERD, identified anytime between July 1, 2003, and December 31 2003. The risk 

of pneumonia during the 12-month follow-up period was modeled using a time-varying Cox 

proportional model using monthly PPI exposure. Fractional Polynomial Cox proportional model 

was used to model the risk of pneumonia with cumulative duration of PPI use. Multiple sensitivity 

analyses were conducted to strengthen the study findings.  

Results: 

Analysis of MarketScan database revealed that there were 89,378 patients with GERD indication 

and among these, 60,207 (67.36%) patients were PPI users. Patients using PPIs were older, 49.65 

(± 10.49) years, compared to patients not using PPIs, 46.93 (± 11.90) years and majority of the 

GERD patients were females (57.4%). Results from multivariate time varying Cox regression 

model revealed that 53% had increased risk of pneumonia (HR, 1.53; 95% CI, 1.35-1.75) with PPI 
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use. The findings were consistent across multiple sensitivity analyses. Exposure of PPIs on a daily 

basis was associated with 32% (HR, 1.32; 95% CI, 1.18-1.47) increased risk and cumulative 

duration of PPI use found to have a 37% (HR, 1.37; 95% CI, 1.20-1.56) increased risk. Categorizing 

PPI users into current user, former user and non-user of PPI showed a 2.44 times (HR, 2.44; 95% 

CI, 1.96-3.03) increased risk of pneumonia among current users compared to non-users. 

Fractional polynomial analysis revealed an initial decreased risk of pneumonia until 175 days of 

cumulative duration of PPI use and an increased risk after 175 days of cumulative PPI use was 

observed. 

Conclusions: 

The study found an increased risk of pneumonia associated with PPI use among community 

dwelling adults with GERD diagnosis. Given the high risk of pneumonia associated with the use 

of PPIs among GERD patients, there is a need to be cautious in using PPIs for extended periods.   
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INTRODUCTION 
Community acquired pneumonia (CAP) is one of the most commonly occurring type of 

pneumonia mainly characterized by fever, chills and pleuritic chest pain.1 Within the USA it is 

considered as one of the most critical public health concerns in a hospital setting,2,3 and an 

incidence of 4-5 million is observed in a community setting.4 Moreover, pneumonia is an 

infectious disease which is associated with increased morbidity and mortality, and is one of the 

most common infection acquired in hospitals with increase in the death toll to 3.2 million people 

worldwide in 2011.5 With such high incidence of this infection, it becomes critical to reduce the 

risk to improve quality of care among patients. 

Proton Pump Inhibitors (PPIs) are one of the most widely used drugs worldwide for the 

management of gastric disorders. Within the USA, PPIs are ranked among the top three 

prescribed drugs with a yearly sale of $13.6 billion in 2010. Approximately 113 million 

prescriptions are filled annually in the United States.6  Among the majority of acid reducing drugs 

available, PPIs are most potent due to their irreversible inhibition of the gastric H+ - K+ ATPase by 

binding to active proton pumps in the gastrointestinal system.7 Superiority of PPIs over 

histamine-2 receptor antagonists (H2RA’s) has been proved in various randomized clinical trials 

and is widely accepted.8 Even though newer PPIs offer flexibility in dosing, no major differences 

are observed among different PPIs.9-11 

PPIs are indicated for majority of gastrointestinal disorders like gastroesophageal diseases, 

Gastroesophageal Reflux Disease (GERD), gastric ulcer, duodenal ulcer, and other gastric 

disorders.12-19 However, 54-82% of PPIs are prescribed inappropriately.20 According to a study by 

Haroon et al, 31% of patients were consuming PPIs for more than 2 years and approximately 25% 

were using the drug for a year.21  Approximately 50% of patients were inappropriately consuming 
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PPIs for 6 months after discharge. Staying in hospitals for long term was one of the primary 

reasons for inappropriate prescription of PPIs as per Zink and colleagues.22  

PPI use is associated with increased risk of infections like pneumonia and Clostridium difficile 

diarrhea, fracture, nutritional deficiencies as per previous literature.9,23,24  Various studies have 

shown an increased risk of infections among groups of patients consuming PPIs inappropriately, 

‘prophylaxis’ was quoted as justification for PPI prescription in about 56% of inappropriate 

users.18 Increased risk is primarily due to decreased gastric acid secretion. Suppression of gastric 

acid increases the susceptibility to microbial colonization,7,25 regurgitation of gastric contents  

along with intestinal pathogen colonization, from stomach to lower respiratory tract, causes 

pneumonia.25,26 Thus long term inappropriate use of PPIs could increase the bacterial growth in 

the stomach, further leading to pneumonia due to aspiration. 

According to previous literature, several risk factors are associated with pneumonia infection. 

Poor nutrition, tobacco use, cardiopulmonary dysfunction, chronic obstructive pulmonary 

disease (COPD), asthma, bronchial diseases and respiratory conditions along with medications 

are some of the risk factors causing pneumonia.1,27 Previous studies have also shown PPIs to be 

a risk factor for CAP through its mechanism of aspiration.28 Nine observational cohort studies 

have examined the association between PPI use and risk of pneumonia in various settings. Among 

these studies, only 4 were conducted in a community setting while remaining studies were in a 

hospital setting.5,29-36 Majority of the studies showed an increased risk of pneumonia due to PPIs, 

however one of the studies in a hospital setting showed a decreased risk due to PPI use.31  GERD 

diagnosis itself being a risk factor for pneumonia due to chemical abrasion of respiratory alveoli 

due to aspiration, majority of the studies had a confounding by indication bias present.37 GERD 
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being a major indication for use of PPIs,38 none of the cohort studies in the past were conducted 

in GERD diagnosed patients in order to reduce confounding by indication. The current study 

examined the risk of pneumonia associated with PPI use among GERD diagnosed community 

dwelling adult patients. 

METHODS 
Data Source 

MarketScan data from 2003-2004 were used to achieve the study objectives. PPIs were available 

over the counter in 2003, thus to avoid misclassification bias due to inclusion of non-prescribed 

PPI drugs, an older dataset was utilized in the current study.39 MarketScan data warehouse is 

created by Truven Health AnalyticsSM to address the needs of a better data for privately insured 

Americans. MarketScan data comprised of several computerized data files including medical 

claims files (inpatient admission file, inpatient services file, outpatient services file and facility 

header file), outpatient prescription file and person-level annual enrollment file. Medical claims 

files contains disease specific information in the form of International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM) codes and procedure codes are present in the 

form of CPT codes, outpatient prescription file contains detailed drug information for each 

prescription filled by patients during the study period with information on prescription claims 

date and days of supply, the annual enrolment file captures patient demographics and 

enrollment data. A unique patient identifier was used to link medical claims, outpatient 

prescription and annual enrollment files. The University of Houston Committee for the Protection 

of Human Subjects approved this study under the exempt category. 
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Study Design and Sample 

A retrospective cohort design was used to examine the risk of pneumonia in adult GERD patients 

receiving PPIs versus those not receiving PPIs, PPI use was included as a time varying exposure. 

Figure 1 provides a schematic representation of the study cohort. In this study participants 

entered the cohort at the first diagnosis of GERD (ICD-9-CM, 530.1, 530.2, 530.3, 530.81)18,40 

between July 1st 2003 to 31st December 2003. Participants had to have at least six months’ 

continuous enrollment eligibility before the first diagnosis of GERD (index date) and aged 18 years 

or more at the index date. Patients were excluded if they had a claim for pregnancy anytime 

during the study period, used H2 receptor antagonists anytime in the 6-month period before the 

index date (washout period). Patients using PPIs in the 6 month washout period were excluded 

to prevent selection bias among prevalent users.41 Each patient was followed until the end of 

eligibility for medical and pharmacy benefits or a diagnosis of pneumonia, or 1 year from the 

index date whichever occurred earlier. 

Exposure Definition 

Exposure to PPIs formed the primary independent variable of interest. PPI use comprised of 

medications like omeprazole, pantoprazole, rabeprazole, lansoprazole and esomeprazole as per 

the American Hospital Formulary Service (AHFS) drug information.42 PPI medications were 

identified using National Drug Codes and generic names. Dexlansoprazole was not included in 

the study due to its availability in the year 2009. A patients’ exposure to PPIs was assessed 

between index date and one year after the index date with a start at the day of first PPI 

dispensing.  Exposure was classified on a monthly basis by assessment of the days’ supply of the 

filled prescriptions and was therefore considered as a time varying or time dependent exposure 
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and could change during the course of follow-up. Because prescriptions for PPIs are typically filled 

for a 30-day supply, we assumed that each prescription was active during the month it occurred 

as per the days’ supply of the medication.43 

Outcome Definition 

The primary outcome of this study was any inpatient or outpatient claim for pneumonia within 1 

year of GERD identification. The events of pneumonia were defined according to the clinical 

classification of conditions developed as per the Agency of Healthcare Research and Quality 

based on specific International Classification of Diseases, Ninth Revision Clinical Modification 

(ICD-9-CM) conditions such as viral and bacterial pneumonia, bronchopneumonia, specific 

pneumonia, and pneumonia not specified.44  

Covariates 

The variation in the risk of pneumonia could be associated with the time independent 

sociodemographic factors, clinical conditions and co-medications, therefore the study included 

other such covariates in the analysis depending on the availability of the variables in the data and 

in accordance with the past literature. Andersen Behavioral Model (ABM) of health services 

research was utilized.45 The model consists of predisposing, enabling and need characteristics 

and has been previously used in observational studies.46,47 Predisposing characteristics included 

age, gender, region, urbanity. Enabling characteristics included insurance benefit plan and need 

characteristics included comorbidities and co-medications. Comorbidities were measured 6 

months before index date and included chronic obstructive pulmonary disease (COPD), diabetes 

mellitus, heart diseases (transient ischemic attack, cardiac heart failure, cardiovascular diseases, 

stroke, and cardiac arrhythmia) cerebrovascular disease, renal failure, tobacco usage, asthma, 
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cancer, alcohol, dementia, peptic ulcer, depression, psychoses (schizophrenia, Parkinson’s’ 

disease), hypertension, liver disease, rheumatoid diseases, anemia, cirrhosis, acute bronchitis 

and upper respiratory tract infection. Co-medications included corticosteroids, antibiotics 

(further classified as low-risk, medium-risk and high-risk antibiotics)48, antipsychotics and non-

steroidal anti-inflammatory drugs (NSAIDs) measured 6 months before the index date. Previous  

history of pneumonia was included as a covariate in the study analysis.  

Statistical Analysis 

The differences among PPI users versus non users were evaluated using χ2 tests for categorical 

variables and t-tests for continuous variables in the washout period before the identification of 

GERD. Time-dependent Cox regression model was used to evaluate the association between PPI 

use and the risk of pneumonia within 12 months of GERD identification.43,49 Patients were 

censored if the study period ended without the occurrence of the event or if loss of enrollment 

eligibility occured during the follow up period. Time varying Cox regression model was adjusted 

for predisposing, enabling, and need factors as mentioned above and hazard ratios (HR) with 95% 

confidence interval were obtained. Authors confirmed the assumption of proportionality by 

visually inspecting the cumulative hazard function. A P-value of 0.05 was used for adjusted time-

varying Cox regression model. In the subgroup analysis, in order to model the cumulative 

duration of PPI use with the risk of pneumonia, a fractional polynomial Cox regression model was 

used. Fractional Polynomials (FP), proposed by Royston and Altman, as a restricted set of 

transformations of a single continuous variable was used.50 Each of the 44 FP1 and FP2 

transformations was applied to the variable denoting cumulative duration of daily use of PPIs. 

The best fitting model using a deviance difference test was determined. The deviance of FP2 
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transformation was compared to deviances of the function with omitted variable, linear function 

and FP1 transformation. Statistical significance of the deviance difference was tested using χ2 

test.51 Further information on using FP in Cox models can be obtained elsewhere.52 A fractional 

polynomial Cox proportional hazards model was used where time to pneumonia was regressed 

on cumulative duration of PPI exposure (transformed using corresponding FP transformations).52 

Sensitivity Analysis 

In addition to the primary analysis, three sensitivity analyses were conducted by altering the 

definition of PPI exposure as per previous literature:53 1) Exposure was classified on a daily basis 

instead of monthly basis by assessment of the days’ supply of the filled prescriptions and was 

considered as a time varying exposure changing during the course of follow-up; 2) Secondly, in 

addition to classifying time varying PPI use on a daily basis as a time dependent covariate, 

cumulative duration of PPI use, was considered as a covariate in the study. Cumulative duration 

of use was calculated by summing the duration of all prescriptions and updated daily; and  3) PPI 

users were categorized into current users, former users and non-users as per Winterstein et al.54 

For each patient in the cohort, each month of follow up after the index date was classified 

according to PPI use. The time preceding the first PPI prescription, including the follow up months  

of all of the subjects who were never exposed to PPIs after GERD diagnosis, was classified as 

“nonuse”. All the months where a PPI prescription was active was termed as “current use” period. 

Months after current use period were termed as “former use”. A separate former use category 

was established, since the characteristics of this group should be similar to those in the current 

use group, in order to minimize differences in unmeasured patient characteristics that may be 

associated with the decision to use PPIs.55 
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Subgroup Analysis 

A sub-group analysis was conducted limiting the cohort to PPI users and observing the risk of 

pneumonia with cumulative use of PPI medication on a daily basis during the follow-up period of 

one year from identification of GERD. A residual plot showing the influence of cumulative 

duration of PPI use on residuals from the FP model was plotted. Scatterplot smoother with 

corresponding 95% CI was presented in the residual plot.56 This model allowed for more flexibility 

of the curve showing changing risk of pneumonia with cumulative use of PPIs over the period of 

one year follow up. 

RESULTS 
The final cohort consisted of 89,378 GERD patients from 1st July 2003 to 31st December 2003 after 

applying the inclusion and exclusion criteria. (Figure 2) Of these, 1,183 (1.3%) patients were 

diagnosed with pneumonia over the follow-up period. Within the cohort, 60,207 (67.36%) used 

PPIs at least once and the remaining were non-users of PPI. 

Patient characteristics 

 Table 1 compares the baseline characteristics of patients with and without PPI use. The mean 

age (± standard deviation) of the GERD cohort was 48.76 (±11.05) years. Patients using PPIs were 

older, 49.65 (± 10.49) years, compared to patients not using PPIs, 46.93 (± 11.90) years. Most of 

the patients were females (57.4%), from south region (43.6%), and from preferred/exclusive 

provider organization plan type (48.3%). Among specific comorbidities, the top 5 comorbidities  

were hypertension (16.7%), abdominal pain (16%), upper respiratory tract infections (15.1%), 

gastritis (8.4%) and diabetes mellitus (5.3%). 
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Time varying Cox regression model: Primary analysis 

Multivariable time varying Cox regression model found that PPI users were associated with 53% 

(HR, 1.53; 95% CI, 1.35-1.75) increased risk of pneumonia after controlling for other factors. With 

increasing age, increased risk (HR, 1.01; 95% CI, 1.00-1.01) of pneumonia was observed in the 

current study. Among patients with previous history of pneumonia, 2.36 times (HR, 2.36; 95% CI, 

1.82-3.07) increased risk of pneumonia was observed. Among other comorbidities, COPD, 

diabetes mellitus, renal diseases, tobacco, asthma, cancer, rheumatoid diseases, gastritis and 

acute bronchitis showed increased risk of pneumonia. (Table 2) Among co-medications, use of 

medium risk antibiotics and antipsychotics was associated with increased risk of pneumonia.  

Sensitivity analysis 

Multiple sensitivity analyses showed an increased risk of pneumonia with PPI use: 1) Exposure of 

PPIs on a daily basis was associated with 32% (HR, 1.32; 95% CI, 1.18-1.47) increased risk of 

pneumonia; 2) including a time varying cumulative duration of PPI use covariate in the 

multivariate time-varying Cox regression model found a 37% (HR, 1.37; 95% CI, 1.20-1.56) 

increased risk of pneumonia among PPI users compared to non-users; and 3) categorizing PPI 

users into current user, former user and non-user of PPI showed a 2.44 times (HR, 2.44; 95% CI, 

1.96-3.03) increased risk of pneumonia among current users compared to non-users, and a 20% 

(HR, 0.80; 95% CI, 0.71-0.91) decreased risk of pneumonia among former users compared to non-

users.  

Subgroup Analysis 

The Fractional Polynomial analyses revealed that the relationship between cumulative duration 

of PPI use and risk of pneumonia was best described by the FP2 (3,3) transformation (Table 3) of 
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the curve and the plot is shown in Figure 3. The FP2 (3,3) transformation of cumulative duration 

of PPI use among 60,207 patients show that residuals from the FP model are influenced by the 

cumulative duration of PPI use.  Initially the residual plot showed a decreased risk of pneumonia 

among PPI users until approximately 175 days of cumulative PPI use. However, after 175 days of 

cumulative PPI use, an increasing risk of pneumonia was observed until the end of study follow-

up period.  

DISCUSSION 
The current study found an increased risk of pneumonia with PPI use among GERD patients. This 

is the first study, to our knowledge, that examined the risk of community acquired pneumonia  

with PPI use as a time varying exposure among patient with GERD diagnosis. Standard Cox 

regression model with time independent exposure utilizes fixed variables to explain the outcome 

49, however, a time varying explanatory variable is more robust since it utilizes all available data 

in longitudinal studies.49,57,58  Current study found 53% increased risk of pneumonia among PPI 

users compared to non-users of PPI, similar results are observed from past literature Some prior 

studies have used PPI exposure as a time varying variable and have shown a statistically 

significant increased risk of serious infections (including pneumonia) among individuals using PPIs 

compared to non-users of the drug.43 However, those studies were conducted among patients 

with cirrhosis diagnosis and cannot be generalized to a larger population. Within the community 

setting, a study conducted by Roughead et al, showed a 16% increased risk of hospitalization for 

pneumonia among PPI users compared to non-users of PPI.30 Another study by Chen et al in 2013 

showed a 2.2 times increased risk of pneumonia among PPI users compared to non-users. Ho et 

al., found a 61% increased risk of pneumonia among PPI users vs non-users among patients with 

a diagnosis of non-traumatic intracranial hemorrhage.5 Thus the findings of the current study are 
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consistent with previous literature. Several other studies conducted in a hospital setting have 

shown an increased risk of pneumonia among PPI users.29,32,34,35 

Multiple sensitivity analysis conducted in the current study showed an increased risk of 

pneumonia among PPI users, except former PPI use compared to non-use of the drug which 

showed a decreased risk of pneumonia. This result could be explained by the clinical mechanism 

through which pneumonia is caused among PPI users. Due to current use of PPIs, gastric pH 

increases, causing increased bacterial growth in the stomach further leading to aspiration and 

thus pneumonia. However, cessation of further PPI use leads to a lower pH in the stomach 

causing a protective effect towards bacterial growth, thus preventing pneumonia.7,59 

The current study used fractional polynomials to model the cumulative duration use of PPIs with 

the risk of pneumonia. An initial decreased risk of pneumonia was observed among PPI users, 

after about 175 days of cumulative PPI exposure, the risk of pneumonia increased with increasing 

use of PPIs. This result could be explained by the clinical mechanism through which pneumonia 

is caused among GERD patients. PPIs, when used for treatment of GERD, decrease the aspiration 

of gastric acid from stomach into the respiratory system, thus decreasing the risk of pneumonia 

caused due to chemical abrasion of the respiratory alveoli.59 However, continued use of PPIs 

among these patients causes bacterial growth in the stomach, leading to aspiration of bacterial 

contents in the respiratory system further increasing the risk of pneumonia.7,59 Previous studies 

have demonstrated the use of fractional polynomials to model the relationship between 

cumulative duration of past exposure to a pharmaceutical agent and the risk of an adverse 

outcome in cohort studies in which cumulative duration is treated as a continuous time-

dependent covariate.50,60  
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After controlling for other factors as covariates in the Cox regression model, several respiratory 

disorders like COPD (HR: 2.08), asthma (HR: 1.40), and acute bronchitis (HR: 1.43).44) were found 

to increase the risk of pneumonia. Similar increased risk was observed in previous studies;36,61-63 

these estimates indicate that the underlying nature of respiratory diseases play an important role 

towards the risk of pneumonia, thus suggesting caution towards prescription of PPIs among this 

population. Consistent with previous literature, current study found an increased risk of 

pneumonia among patients with renal diseases (HR: 2.20),28,36,61 cancer (HR: 1.46),62-64 diabetes 

mellitus (HR: 1.40),61 rheumatoid diseases (HR: 1.56)65 and tobacco use (HR: 1.42).63,66 

Additionally, gastritis (HR: 1.24) showed increased risk of pneumonia in the multivariate analysis. 

However, further research needs to be conducted to evaluate the association between gastritis 

and pneumonia. Among co-medications, 46% increased risk was observed with antipsychotic use 

and 25% increased risk of pneumonia was observed among medium-risk antibiotic users 

compared to non-users of antibiotics. Chatterjee et al., examined the risk of pneumonia 

associated with anticholinergic medication use among elderly patients and found 65% increased 

risk of pneumonia among patients using anticholinergics (antipsychotics)67, this is consistent with 

previous literature. With respect to antibiotic exposure, a study by Gulliford et al, examining the 

change in infection risks associated with prescription of antibiotics found 12.8% increase in 

pneumonia risk with every 10% decrease in antibiotic prescription. The results found in the 

current study are contradicting to previous literature and more research needs to be 

conducted.68 

The strength of the current study includes use of a large privately insured database with 

comprehensive diagnosis and medication information. This study further helps to understand the 
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risk of pneumonia with PPI use among patients with GERD. Since GERD is one of the risk factors 

for pneumonia, the current study decreases confounding by indication by limiting the analysis to 

GERD patients. Another strength of the current study is the use of fractional polynomials to 

model the effect of PPI use on risk of pneumonia. Fractional polynomials allow the flexibility of 

the curve showing risk of pneumonia with increasing cumulative duration of PPI use as compared 

to using the continuous cumulative PPI use variable in a linear model.60 

The current study contains some limitations, namely, an older, 2003-2004, MarketScan data was 

used for study analysis. An older dataset was used for several reasons. Firstly, PPIs were first 

available over the counter in 2003,39 using recent database could have included misclassification 

bias in the study due to inclusion of over the counter (OTC) PPI users. The findings are limited to 

the definition of indications based on ICD-9-CM codes. The claims captured only dispensing data 

versus actual use; therefore, there may have been issues regarding the use and actual risk. 

Variables included in the analyses were limited to those available in the data source; thus, it is 

possible that unmeasured confounders such as nutrition and health status might have affected 

the study findings. MarketScan claims databases are based on a large convenience sample and 

fail to generalize to other populations. However, MarketScan data can complement other 

datasets or can be used as benchmarks against them. Majority of the MarketScan data comes 

from large employers, thus data from medium or small firms are not included. One of the major 

limitations of using fractional polynomial in a cohort design is the subs tantial increase in 

processing time required. The data set must be structured so that there is one row of data for 

each day of follow-up, so the cumulative duration of past exposure can be calculated separately 

for each day.60 
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CONCLUSION 
Current study finds that an increased risk of pneumonia is associated with PPI exposure 

compared to non-users of PPI. The findings from the fractional polynomial analysis suggests that 

appropriate use of PPIs among patients with GERD indication decreases the risk of pneumonia 

initially caused due to acid aspiration among GERD patients, however, further continuous use of 

PPIs increases the risk. Therefore, the study suggests that PPIs should be used cautiously among 

community dwelling adults with a GERD diagnosis.  PPIs should be used appropriately in order to 

receive the benefits of the drug. The results of the current study can help to optimize PPI use and 

minimize long term use of PPIs. Providers can use these results to monitor and manage adverse 

events of the PPI medications including those available over the counter. Future studies could be 

conducted analyzing patients who are indicated for PPI use other than GERD diagnosis.  
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Table 1: Patient Characteristics of community dwelling adults with GERD indication 

N Patients 
  

All Patients No PPI use PPI use P-value 
 (N=89,378) (N=29,171) (N=60,207) 

Age in years, 
Mean (SD) 

48.76 11.05 46.93 11.90 49.65 10.49 <.0001 

Age-group in years (n, %) 

18-34 10,840 12.13 4,911 16.84 5,929 9.85 <.0001 

35-44 17,107 19.14 6,215 21.31 10,892 18.09 

45-54 28,832 32.26 8,759 30.03 20,073 33.34 

55-64 31,728 35.5 8,919 30.57 22,809 37.88 

65-74 818 0.92 347 1.19 471 0.78 

75+ 53 0.06 20 0.07 33 0.05 
Gender (n, %) 

Male 38,092 42.6 11,888 40.8 26,204 43.5 <.0001 

Female 51,286 57.4 17,283 59.2 34,003 56.5 

Season of index medication (n, %) 

Winter 12,783 14.3 4,615 15.8 8,168 13.6 <.0001 

Summer 33,914 37.9 10,272 35.2 23,642 39.3 

Autumn/Fall 42,681 47.8 14,284 49 28,397 47.2 

Region (n, %) 

Northeast 9,669 10.8 3,337 11.4 6,332 10.5 <.0001 

North Central 26,427 29.6 6,926 23.7 19,501 32.4 

South 38,964 43.6 13,506 46.3 25,458 42.3 

West 13,484 15.1 5,130 17.6 8,354 13.9 
Unknown 834 0.9 272 0.9 562 0.9 

Urbanity (n, %) 

Rural 21,561 24.1 6,987 24 14,574 24.2 0.551 

Urban  67,083 75.1 21,935 75.2 45,148 75 

Unknown 734 0.8 249 0.9 485 0.8 

Plan Type (n, %) 

Comprehensive 14,896 16.7 3,768 12.9 11,128 18.5 <.0001 

PPO/EPO 43,176 48.3 14,501 49.7 28,675 47.6 

HMO 14,356 16.1 5,473 18.8 8,883 14.8 
POS 16,760 18.8 5,364 18.4 11,396 18.9 

CDHP / HDHP 40 0 8 0 32 0.1 

Unknown 150 0.2 57 0.2 93 0.2 

Elixhauser 

Comorbidity 
Index Mean (SD) 

0.09 0.78 0.10 0.80 0.09 0.77 0.1262 
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Pre-index Pneumonia (n, %) 

No 88,524 99 28,908 99.1 59,616 99 0.2488 

Yes 854 1 263 0.9 591 1   

Specific comorbidities (n, %) 
Hypertension 14,890 16.7 4,581 15.7 10,309 17.1 <.0001 

Abdominal pain 

(epigastric & 
Periumbilical) 

14,320 16 4,639 15.9 9,681 16.1 0.4994 

Upper respiratory 
tract infection 
(URTI) 

13,453 15.1 4,135 14.2 9,318 15.5 <.0001 

Gastritis 7,527 8.4 1,972 6.8 5,555 9.2 <.0001 

Diabetes Mellitus 4,739 5.3 1,561 5.4 3,178 5.3 0.649 

Acute Bronchitis 3,744 4.2 1,148 3.9 2,596 4.3 0.0084 

Asthma 3,739 4.2 1,122 3.8 2,617 4.3 0.0005 

Psychoses** 3,521 3.9 1,048 3.6 2,473 4.1 0.0002 

Gastric 
Hemorrhage 

3,491 3.9 1,058 3.6 2,433 4.0 0.0027 

Cancer 3,367 3.8 1,061 3.6 2,306 3.8 0.1555 

Tobacco 3,211 3.6 1,180 4 2,031 3.4 <.0001 

Depression 3,137 3.5 1,053 3.6 2,084 3.5 0.2584 

COPD*** 3,044 3.4 917 3.1 2,127 3.5 0.0026 

Heart diseases* 2,813 3.1 857 2.9 1,956 3.2 0.0125 

Anemia 2,794 3.1 891 3.1 1,903 3.2 0.3916 

Liver disease 1,791 2 540 1.9 1,251 2.1 0.0234 

Rheumatoid 
diseases 

1,670 1.9 481 1.6 1,189 2 0.0007 

Cirrhosis 470 0.5 153 0.5 317 0.5 0.9687 

Cerebrovascular 
disease 

458 0.5 128 0.4 330 0.5 0.0319 

Helicobacter 

Pylori 

395 0.4 96 0.3 299 0.5 0.0004 

Alcohol 392 0.4 149 0.5 243 0.4 0.023 

Renal diseases 332 0.4 134 0.5 198 0.3 0.0026 

Dementia 225 0.3 81 0.3 144 0.2 0.2815 

Duodenal ulcer 213 0.2 49 0.2 164 0.3 0.0027 

Baseline Medications (n, %) 

NSAID's 13,540 15.1 3,606 12.4 9,934 16.5 <.0001 

Corticosteroids 19,538 21.9 4,710 16.1 14,828 24.6 <.0001 

Antipsychotics 1,945 2.2 539 1.8 1,406 2.3 <.0001 

Antibiotics 
       

No Antibiotics 58,917 65.9 20,508 70.3 38,409 63.8 
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High Antibiotics 2,437 2.7 648 2.2 1,789 3 

<.0001 Medium 
Antibiotics 

16,237 18.2 4,645 15.9 11,592 19.3 

Low Antibiotics 11,787 13.2 3,370 11.6 8,417 14 

Key: CDHP - Consumer-driven health plan; EPO - Exclusive provider organization; HDHP - High 
deductible health plan; HMO - Health maintenance organization; POS - Point of service; PPO -  

Preferred provider organization; SD - Standard deviation. 
*Heart diseases include: Cardiac heart failure, Cardiac arrhythmia, Stroke, Transient ischemic 

attack, cardiovascular disease 
**Psychoses includes: Schizophrenia, Parkinson’s  

***Includes bronchiectasis 
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Table 2: Unadjusted and adjusted analysis table showing the risk of pneumonia among 

community dwelling GERD patients 

 
Unadjusted analysis Adjusted analysis  

Hazard 
ratio 

95%CI P-
Value 

Hazard 
ratio 

95% CI P-
values 

PPIs 1.37 1.23 1.53 <.000

1 

1.53 1.35 1.75 <.0001 

Age 1.02 1.02 1.03 <.000
1 

1.01 1.00 1.01 0.0025 

Male (Ref: 
Females) 

0.93 0.83 1.04 0.205
3 

1.05 0.93 1.18 0.4397 

Season 

Winter season 0.93 0.79 1.11 0.476

1 

1.05 0.87 1.26 0.6075 

Summer season 1.10 0.98 1.23 0.096
3 

0.99 0.87 1.12 0.8898 

Urbanity (Ref: Rural) 

Urban  0.85 0.75 0.96 0.011
2 

0.85 0.75 0.97 0.0179 

Unknown  0.68 0.34 1.37 0.287
9 

0.52 0.25 1.05 0.0691 

Plan  (Ref: HMO) 

Comprehensive 1.43 1.18 1.75 0.000
3 

1.29 1.02 1.58 0.0265 

PPO/EPO 1.33 1.12 1.58 0.001
2 

1.40 1.16 1.70 0.0004 

POS 1.03 0.83 1.26 0.771
1 

1.09 0.87 1.36 0.4398 

CDHP/HDHP 5.37 1.71 16.81 0.003

9 

5.86 1.83 18.76 0.0029 

Unknown 0.77 0.10 5.49 0.794

1 

0.40 0.05 2.84 0.364 

Pre-index 
Pneumonia 

9.99 8.18 12.21 <.000
1 

2.36 1.81 3.06 <.0001 

Specific comorbidities 

COPD*** 4.48 3.83 5.25 <.000

1 

2.08 1.72 2.51 <.0001 

Renal diseases 4.08 2.56 6.50 <.000

1 

2.19 1.24 3.88 0.0069 

Asthma 2.81 2.37 3.34 <.000
1 

1.39 1.14 1.70 0.0009 



 82 

Dementia 2.72 1.41 5.25 0.002
7 

0.97 0.44 2.11 0.9494 

Heart diseases* 2.55 2.08 3.12 <.000

1 

1.14 0.9 1.45 0.2747 

Alcohol 2.54 1.50 4.31 0.000

5 

1.71 0.95 3.10 0.0727 

Cancer 2.40 1.98 2.91 <.000
1 

1.45 1.17 1.80 0.0007 

Cerebrovascular 
disease 

2.38 1.45 3.90 0.000
5 

1.27 0.72 2.21 0.3992 

Acute Bronchitis 2.27 1.88 2.73 <.000
1 

1.42 1.16 1.75 0.0008 

Diabetes Mellitus 2.22 1.87 2.63 <.000
1 

1.40 1.16 1.69 0.0005 

Anemia 2.06 1.64 2.58 <.000
1 

1.10 0.84 1.43 0.4694 

Rheumatoid 
diseases 

1.88 1.40 2.51 <.000
1 

1.57 1.15 2.14 0.0037 

Tobacco 1.82 1.46 2.27 <.000

1 

1.41 1.04 1.93 0.0266 

Cirrhosis 1.73 0.98 3.06 0.057
4 

0.91 0.42 1.97 0.8234 

Liver disease 1.55 1.13 2.11 0.005
5 

1.13 0.76 1.68 0.5319 

Psychoses** 1.51 1.20 1.89 0.000

3 

0.9 0.69 1.17 0.4306 

Gastric 
hemorrhage 

1.48 1.19 1.84 0.000
4 

1.27 0.98 1.64 0.0626 

URTI 1.40 1.23 1.61 <.000
1 

1.10 0.94 1.28 0.2138 

Depression 1.38 1.07 1.77 0.010
7 

0.98 0.68 1.40 0.9147 

Hypertension 1.34 1.18 1.53 <.000

1 

1.01 0.87 1.18 0.8343 

Helicobacter 

Pylori 

1.32 0.68 2.54 0.403

3 

- - - - 

Gastritis 1.26 1.06 1.48 0.005 1.23 1.02 1.49 0.0268 

Peptic ulcer 1.22 0.63 2.35 0.547
1 

- - - - 

Abdominal Pain 1.21 1.06 1.37 0.003 0.99 0.85 1.16 0.973 

Duodenal ulcer 1.09 0.41 2.91 0.857
7 

- - - - 

Co-medications 
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Corticosteroids 1.49 1.33 1.68 <.000
1 

1.11 0.97 1.27 0.1176 

Antipsychotics 2.44 1.92 3.10 <.000

1 

1.45 1.10 1.92 0.0073 

NSAIDs 1.19 1.04 1.37 0.011

8 

1.04 0.89 1.21 0.5876 

Anti-biotics 
        

High 1.57 1.35 1.82 <.000
1 

1.32 0.96 1.81 0.0842 

Medium 1.85 1.63 2.10 <.000

1 

1.25 1.08 1.45 0.003 

Low 2.03 1.56 2.63 <.000

1 

1.14 0.96 1.35 0.110 

Key: CDHP - Consumer-driven health plan; EPO - Exclusive provider organization; HDHP - High 
deductible health plan; HMO - Health maintenance organization; POS - Point of service; PPO -  

Preferred provider organization; SD - Standard deviation. 
*Heart diseases include: Cardiac heart failure, Cardiac arrhythmia, Stroke, Transient ischemic 

attack, cardiovascular disease 
**Psychoses includes: Schizophrenia, Parkinson’s  

***Includes bronchiectasis 
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Table 3: Fractional Polynomial comparisons 

Model dF Deviance Powers Step Comparison 
Deviance 

difference 
P-value 

FP2 2 -24,334,956 3,3 1 FP2 versus null 552 0.001 

FP1 2 -24,334,939 2 2 FP2 versus linear 535 0.001 

Linear 
model 

1 
-24,334,893 1 3 FP2 versus FP1 489 0.001 

Null model - -24,334,404 - - - - - 
dF: degrees of freedom 
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Figure 1: Schematic representation of cohort development 
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Continuously enrolled in medical and 
pharmacy claims for 6 months during 
pre-index period [N=112,810] 

Not continuously enrolled for 6 
months in pre-index period       
[N= 6,856] 

Number of patients without GERD 
[N=19,505,135] 

Age <18 years [N= 9,677] 

 

Total number of patients                   
[N= 19,634,478] 

Figure 2: Identification of community dwelling GERD patient cohort 

 

Age ≥ 18 years [N=119,666] 

Patients with pregnancy [N= 11,336] 

Patients without pregnancy          
[N=101,474] 

 

Total number of patients with GERD 
diagnosis during July 1, 2003 to 
December 31, 2003 [N= 129,343] 

Presence of H2 receptor antagonists 
medication [N=11,571] 

Patient cohort with all inclusion and exclusion criteria [N= 89,378] 

 

 

 

Patients without H2 receptor 
antagonists medication [N=89,903] 

Patients with PPI prescription in pre-
index period [N=525]  
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Figure 3: Residual plot showing influence of cumulative duration of PPI use on residuals from the 

FP model 

 

X-axis: Cumulative duration of PPI use in days 

Y-axis: Residuals 
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RISK OF CLOSTRIDIUM DIFFICILE INFECTION ASSOCIATED WITH PPI USE AMONG COMMUNITY 

DWELLING ADULTS WITH GASTROESOPHAGEAL REFLUX DISEASE 
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ABSTRACT 
Background: 

There is mixed evidence regarding the risk of C. difficile infection due to use of Proton Pump 

Inhibitors (PPIs). Very limited data exists regarding the risk of C. difficile infection and PPI use 

among community dwelling adults with an indication for Gastroesophageal Reflux Disease 

(GERD). 

Objective: 

To examine the risk of C. difficile infection associated with the use of PPIs among community 

dwelling adults with GERD. 

Methods: 

The study involved a nested case-control design using Truven Health Analytics 2003-2004 

MarketScan database. Participants included adults aged more than 18 years, diagnosed with 

GERD anytime between January 1, 2003, and December 31, 2004 and no history of C. difficile 

infection between January 1, 2003 and June 30, 2003. Cases were identified as enrollees with an 

incident diagnosis of C. difficile infection, between July 1, 2003, and December 31, 2004 (n=97). 

Four age- and gender-matched controls (n=388) were identified per case using incident density 

sampling. A conditional logistic regression model stratified on matched case-control sets was 

used, with PPI exposure as the main independent variable; C. difficile infection as the main 

outcome variable; and risk factors for C. difficile infection as additional explanatory variables. 

Multiple sensitivity analyses were conducted to strengthen the study findings. 

Results: 

The study sample consisted of 97 cases diagnosed with C. difficile infection and 388 age- and sex-

matched controls (incidence density ratio 1:4).  The mean age of cases was 52.89 (± 8.82) years 
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and of controls was 52.85 (± 8.79) years. Cases had a higher Elixhauser comorbidity index (1.99 

versus 0.34, p-value <.0001) compared to controls. Hospitalization in the preceding 6 months was 

significantly associated with C. difficile infection cases (39.20% versus 2.80%, p-value <.0001).  

Bivariate analyses revealed that 25.40% of cases and 74.60% of controls filled a prescription for 

at least one PPI medication 30 days before the event (p-value 0.08). The conditional logistic 

model revealed that the use of PPIs was not significantly associated with risk of C. difficile 

infection (Odds ratio (OR): 1.24, 95% Confidence Interval (CI): 0.57-2.68). Previous hospitalization 

(OR: 46, 95% CI: 9.26-228.59), previous antibiotic exposure (low-risk (OR: 1.07, 95% CI: 1.02-

1.12), medium-risk (OR: 1.22, 95% CI: 1.09-1.37) and high-risk (OR: 1.27, 95% CI: 1.11-1.46)), 

abdominal pain (OR: 4.10, 95% CI: 1.73-9.69) and disease severity (OR: 1.22, 95% CI: 1.02-1.46) 

showed increased risk of C. difficile infection. 

Conclusion: 

Overall, PPI medications were not associated with risk of C. difficile infection among community 

dwelling adults with an indication for GERD. More research in larger population is needed to 

better understand the role of PPIs on risk of C. difficile infection among community dwelling 

adults with GERD indication.  
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INTRODUCTION 
Across the United States, Canada and Europe there has been a marked increase in C. difficile 

infection during the last decade.1-4 In the developed world, C. difficile infection is the leading 

cause of infectious diarrhea5 in hospitalized patients and is associated with an attributable cost 

of $11,000 per nosocomial case.6 In the United States alone, about 450,000 and 750,000 cases of 

C. difficile infection are found7 annually, with approximately 3 billion dollars spent on health care 

costs.8 Recent studies suggest that C. difficile has replaced methicillin-resistant Staphylococcus 

aureus as the most common cause of healthcare-associated infection.9 Although rates from 

hospital discharges correlate with hospital laboratory-diagnosed C. difficile infection, C. difficile 

infection cases diagnosed and managed in the outpatient setting without the need of 

hospitalization are not included. Approximately, 20%-27% of all C. difficile infection cases are 

community associated according to data from United States, Canada and Europe, with an 

incidence of 20-30 per 100,000 population.10-12 Preliminary data from US vital records indicate 

that number of death certificates with C. difficile listed as the primary cause of death increased 

nearly ten times from 793 in 1999 to 7,483 in 2008.13 

Gastric acidity is a major defense mechanism against ingested pathogens, and loss of normal 

stomach acidity has been associated with colonization of generally sterile upper gastrointestinal 

tract.14 Proton Pump Inhibitors (PPIs) are one of the most commonly prescribed agents in an 

outpatient and inpatient setting.15,16 Among acid reducing agents, PPIs are most potent and are 

known to affect leukocyte function17-20 which may contribute to the association with an increased 

risk of enteric infections.21-24 Observational studies have found increased hospital acquired C. 

difficile infection risk with PPI use.21,22,25-29 Other studies have failed to show an association 

between PPIs and C. difficile infection.10,30 Thus, there exists mixed evidence regarding the 
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relationship between PPI use and C. difficile infection. A majority of the studies have used 

International Classification of Diseases, Ninth Revision (ICD-9-CM) code 00.845 to identify C. 

difficile infection, since it is the only ICD-9-CM code available since 1993.1,31,32 The sensitivity of 

ICD-9-CM code towards identification of C. difficile infection remains questionable according to 

previous studies, thus leading to misclassification bias.33 Gastroesophageal reflux diseases 

(GERD) is a major indication for PPI prescription and PPIs have been prescribed for more than 

recommended duration as per previous studies in this population.34,35 Despite this, no studies 

have been conducted in the past looking at GERD patients and associating PPI use with C. difficile 

infection in an outpatient setting34,35 Thus, the current study examines the association between 

PPIs and risk of C. difficile infection among community dwelling adults with GERD.  

METHODS 
 
The current study used 2003-2004 MarketScan data for study analysis. MarketScan data warehouse is 

created by Truven Health Analytics to address the need for better data on privately insured Americans. 

PPIs were available over the counter in 2003, thus to avoid misclassification bias due to inclusion of over 

the counter PPI medications, an older dataset was utilized in the current study.36 MarketScan data is 

collected from employers, health plans, and state Medicaid agencies. The study cohort was assembled 

using medical claims files (inpatients admission file, inpatients services file, outpatient services file and 

header file), outpatient prescription file and person-level enrollment information file. Medical claims files 

contain information on disease specific variables, outpatient prescription file contains detailed drug 

information for each prescription filled by patients during the study period and the enrolment file captures 

information on each enrollee’s demographic characteristics and enrollment data. A unique patient 

identifier was used to link medical claims file to outpatient prescription file and enrollment file. The 

University of Houston Committee for the Protection of Human Subjects approved this study under the 
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exempt category. 

Study Design and Sample 

A nested case-control study was used in a cohort of adults aged ≥ 18 years of age and diagnosed 

with GERD to examine the risk of C. difficile infection. The prevalence of C. difficile infection is 

relatively lower in a community setting compared to hospitalized patients. A nested case-control 

study design is widely used among rare outcomes in epidemiological research.37-39 Cases and 

controls were sampled from patients from 1st July 2003 to 31st December 2004. Base population 

consisted of individuals who had at least one claim for GERD diagnosis during 1st January 2003 to 

31st December 2004, aged ≥ 18 years at the time of GERD diagnosis and did not have an inpatient 

or outpatient claim for C. difficile infection from 1st January 2003 to 30th June 2003 (base period). 

Individuals identified as pregnant any time during the study period were excluded from the study 

analysis.  

Identification of Cases and Controls 

Incident diagnosis of C. difficile infection after entry into the base cohort was defined as cases. 

Cases were identified between study entry date (1st July 2003) and study end date (31st December 

2004). The event date for cases was defined as the date of first occurrence of either ICD-9-CM 

code, 00.845 and first prescription date for metronidazole or oral vancomycin as these are the 

primary agents to treat C. difficile infection. Incident density sampling was used for identification 

of controls from the study base cohort in which the control is sampled throughout from 1st July 

2003 to 31st December 2004. Incident density sampling permitted selection of controls for the 

study that remained in the risk set event free on the event date for the corresponding case. Age 

(± 1 year) and gender were used to match cases and controls. Even though the number of controls  
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selected per case in a nested case-control study may vary, literature suggests limited gain in 

statistical efficiency beyond four to five controls per case.40 In the current study, four controls  

per case were selected at random with potential for replacement. The date of entry into the 

study cohort plus the number of days of event-free follow-up contributed by the corresponding 

case was defined as the event date for controls (Figure 1). 

Exposure and Outcome Definition 

The prescription of PPI medication 30 days prior to the event date was defined as the primary 

exposure in the current study. Individuals who were not exposed to PPIs within 30 days before 

the event date, were defined as nonusers and formed the reference group. PPI medication class 

included omeprazole, pantoprazole, esomeprazole, rabeprazole and lansoprazole, identified 

using the American Hospital Formulary Service (AHFS) drug information.41 PPI medications were 

identified using National Drug Codes (NDC) and generic names. Dexlansoprazole was not included 

in the study due to its availability in the year 2009.  

The primary outcome of the study was an inpatient or outpatient visit that involved identification 

of C. difficile outcome anytime between 1st July 2003 and 31st December 2004. C. difficile 

outcome was identified using the ICD-9-CM code 00.845 and a prescription for either 

metronidazole or oral vancomycin medication. 

Other Risk Factors 

Additional risk factors were included in the study based on Andersen Behavioral  Model (ABM) of 

health services research.42 The model has been previously used in other observational 

studies.43,44 The predisposing, enabling and need characteristics as per ABM were selected from 

the literature, availability of the factors in MarketScan data and based on the evidence of their 
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association with the outcome.22,25-27,45,46 Predisposing characteristics included age, gender and 

region. Enabling characteristics included insurance plan type and need characteristics included 

Elixhauser comorbidity index, comorbidities and co-medications. Comorbidities included in the 

study were chronic obstructive pulmonary disease (COPD), hypertension, heart disease (Cardiac 

heart failure, cardiovascular disease, cardiac arrhythmia, stroke and transient ischemic attack), 

abdominal pain, diabetes mellitus, irritable bowel syndrome, diverticular disease, Helicobacter 

Pylori, anemia, liver disease, cancer, renal disease (acute and chronic renal failure, hypertensive 

renal disease, renal sclerosis, impaired renal function, nephritis, nephrosis, end stage renal 

disease), psychoses (Schizophrenia, Parkinson’s disease), depression, methicillin-resistant 

Staphylococcus aureus (MRSA), and cerebrovascular disease. Point estimate of the Elixhauser 

comorbidity index was used to measure disease severity.47 Mechanical ventilation identified 

using ICD-9-CM code was measured 6 months before the event date. Comorbidities were 

identified 6 months before the event date and were defined according to the clinical classification 

of conditions developed by Agency for Healthcare Research and Quality based on ICD-9-CM 

codes.48 Co-medications included in the study were histamine 2 receptor antagonists (H2RA’s), 

non-steroidal anti-inflammatory drugs (NSAIDs), anxiolytics, corticosteroids, antidiarrheal 

agents, laxatives and antibiotics (further classified into low-risk, medium-risk, high-risk). 

Antibiotics were classified into categories as per the study conducted by Mullane et al in 2011.49  

Days of therapy for each category of antibiotics in the form of a continuous variable was used in 

the current study to examine the association between risk of C. difficile infection and a unit daily 

increase in antibiotic exposure. Co-medications were measured 30 days before the event date. 

Previous hospitalization is considered as a major risk factor for C. difficile infection,33,45 thus 
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presence of an inpatient admission 6 months before the event date was defined as previous  

hospitalization.50 Factors namely, mechanical ventilation, antidiarrheal agents, laxatives, 

diverticular disease, renal disease, Helicobacter Pylori, liver disease, irritable bowel syndrome, 

MRSA, and cerebrovascular disease could not be included in the study analysis due to sample size 

limitations. 

Sensitivity Analysis 

To assess the robustness of the study findings multiple sensitivity analyses were conducted. First, 

exposure to PPIs in the 30 days before the event date was defined in the form of days of therapy, 

as a continuous variable. This analysis was conducted to evaluate the risk of C. difficile infection 

with daily increase in PPI exposure (continuous variable) in 30 days look back period. Secondly, 

all variables found significant (p-value < 0.25) in a univariate analysis were further used in a 

forward stepwise logistic regression to obtain a parsimonious reduced model and risk of C. 

difficile infection with PPI exposure (dichotomized) was evaluated (p-value < 0.05). Thirdly, all 

prescriptions for metronidazole from the control group were eliminated and the risk of C. difficile 

infection with PPI exposure (dichotomized) was evaluated in order to examine the presence of 

misclassification bias in the current study. Fourth, in addition to age and gender matching, cases 

and controls were matched on previous hospitalization and risk of C. difficile infection with PPI 

exposure (dichotomized) was evaluated. 

Statistical Analysis 

Descriptive statistics were used to evaluate the difference between cases and controls; chi -

square tests were used for categorical variables and t-tests for continuous variables. Significant 

variables (p-value < 0.25) identified in the univariate analysis were further used in a conditional 
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logistic regression stratified on the matched case-control sets, with PPI use (dichotomized) as the 

independent exposure, C. difficile infection as the dependent variable and other risk factors as 

covariates. The use of conditional logistic regression yielded odds ratios (ORs) that estimated the 

risk associated with PPI exposure along with 95% confidence interval (CIs). This approach was 

analogous to time-to-event analyses in cohort studies. The sample size calculations suggested 

that, for a two tailed test with a Type 1 error probability of 0.05, an OR of 2.1 of disease in 

individuals taking a PPI compared to non-users of PPI, proportion of exposure to PPIs in controls  

being 0.35, and with power of 0.80, 72 cases and 288 controls would be required to achieve the 

study objective. All statistical analyses were conducted using SAS version 9.3 (SAS institute, Inc, 

Cary, NC). Statistical significance was set at an a priori level of 0.05. 

RESULTS 
The study sample consisted of 97 cases diagnosed with C. difficile infection identified any time 

between 1st July 2003 and 31st December 2004, and 388 age- and sex-matched controls  

(incidence density ratio 1:4). Characteristics of cases and controls are presented in Table 1. The 

mean age of cases was 52.89 (± 8.82) years and of controls was 52.85 (± 8.79) years. No difference 

in the distribution of sex were seen among cases and controls. Cases had a higher Elixhauser 

comorbidity index (1.99 versus 0.34, p-value <.0001) compared to controls. Hospitalization in the 

preceding 6 months was significantly associated with C. difficile infection cases (39.20% versus 

2.80%, p-value <.0001). Cases had significantly increased number of inpatient and outpatient 

visits for heart disease, abdominal pain, anemia, cancer, COPD, psychoses, and depression.  

Table 2 shows the use of co-medications within 30 days before the event date; 25.40% of cases 

and 74.60% of controls filled a prescription for at least one PPI medication 30 days before the 

event (p-value 0.08). NSAID use (11.3% versus 5.7%, p-value 0.0473) and anxiolytics use (19.6% 
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versus 6.4%, p-value <.0001) was high among cases as compared to controls. There were also 

differences in antibiotic use between cases and controls: high-risk (11.3% versus 1.8%), medium-

risk (19.6% versus 5.7%) and low-risk (21.6% versus 2.3%).  

The results of conditional logistic regression, after controlling for risk factors, revealed that 

overall use of PPI medication was not associated with the risk of  C. difficile infection (OR: 1.23, 

95% CI: 0.57-2.68) compared to no PPI use (Table 3). The results from several sensitivity analyses 

confirmed no association between PPI use and risk of C. difficile infection. The risk estimates for 

first sensitivity analysis which used PPI days of therapy as a continuous variable, showed results 

similar to primary analysis (OR: 1.01, 95% CI: 0.98-1.02). In the second sensitivity analysis, a 

forward stepwise conditional logistic regression showed no association between PPI use and risk 

of C. difficile infection (OR: 1.57, 95% CI: 0.76-3.24). The model removing metronidazole 

prescriptions from the control group, (OR: 1.63, 95% CI: 0.77-3.45) and matching on hospital 

admissions (OR: 1.08, 95% CI: 0.53-2.23) in addition to matching for age- and sex, showed results 

similar to primary analysis.  

In addition to examining the association between PPIs and C. difficile infection, the current study 

showed an increased risk of C. difficile infection among individuals with previous hospitalization 

(OR: 46.01, 95% CI: 9.26-228.59), abdominal pain (OR: 4.10, 95% CI: 1.73-9.69), Elixhauser 

comorbidity index (OR: 1.22, 95% CI: 1.02-1.46). An increasing risk of C. difficile infection was also 

observed among individuals with low-risk antibiotics (OR: 1.07, 95% CI: 1.02-1.12) medium-risk 

antibiotics (OR: 1.22, 95% CI: 1.10-1.37) and high-risk antibiotics (OR: 1.28, 95% CI: 1.11-1.47) 

respectively. 

DISCUSSION 
Poor characterization of community acquired C. difficile infection is observed in the past due to 



 99 

infrequent examination of fecal samples from community patients for evidence of C. difficile 

infection.10 Previous studies examining the risk factors of community acquired C. difficile 

infection, differ widely in design, risk factors and mainly the selection criteria used to identify 

subjects. Selection criteria like antibiotic use,51 hospital admission52,53 or C. difficile infection 

identification54 have potentially introduced bias in previous studies. Therefore, in addition to 

identifying C. difficile infection with an ICD-9-CM code in an outpatient setting, the current study 

used prescription of either metronidazole or oral vancomycin medication as a criteria for C. 

difficile infection outcome identification.  The current study evaluated the risk of C. difficile 

infection in adult community dwelling patients with an indication for GERD using a nested case-

control study approach and found that current use of PPIs was not associated with the risk of C. 

difficile infection compared to no use, controlling for several risk factors. This finding is unlikely 

to reflect type 2 error, given the sufficient sample size of the current study. Previous studies 

examining the risk of C. difficile infection among PPI users have found conflicting results.10,21,22,30 

Dial et al in 2005 found 2.9 times increased risk of C. difficile infection among PPI users compared 

to non-users in a community setting.26 Another study by Cunningham and colleagues in 2003 

found a 2.5 times increased risk of C. difficile infection among hospitalized patients.21 On the 

contrary, a study by Lowe et al found no association between PPI use and risk of C. difficile 

infection.30 Lowe et al also found no association between PPI use and hospitalization for C. 

difficile associated diarrhea or remote use of PPIs.30 Since the current study was conducted in a 

community setting, risk factors generally present in a hospital setting like C. difficile spores were 

reduced. By controlling and classifying the antibiotic exposure into mutually exclusive low-risk, 

medium-risk and high-risk groups the authors were able to examine the independent role of PPIs 
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by removing the confounding influence of antibiotics in the current study. These differences 

could explain the differing results from findings of previous literature.21-23,26 

To ascertain whether the results obtained in current study might be an artifact of the analytic 

method chosen, multiple sensitivity analyses were conducted to verify the study findings. In 

order to capture complete data on PPI exposure in the 30 day period before the event, PPI 

exposure was defined in terms of days of therapy. Current study observed that as the level of 

acid suppression increased, no statistically significant increase in the risk of C. difficile infection 

was observed. Secondly, a parsimonious model was constructed with a forward stepwise 

conditional logistic regression, which supported the primary results of the current study. 

Metronidazole is used as a first line medication for infections other than C. difficile infection.25 

Thus in order to avoid misclassification bias due to inclusion of C. difficile infection cases with a 

metronidazole prescription in the control group, patients with prescription for metronidazole in 

the control group were eliminated. This analysis showed results similar to primary analysis. 

Previous hospitalization showed a significant increased risk of C. difficile infection in the current 

study. It is also observed as a strong risk factor for C. difficile infection in previous studies.22,26,55 

Additional matching on previous hospitalization between cases and controls was conducted to 

better control its effect on risk of C. difficile infection. No association between the use of PPIs and 

risk of C. difficile infection was obtained in the current study with this analysis. Thus, multiple 

sensitivity analyses supported the primary results of the current study. 

Previously a community-based study found a positive association between PPI use and C. difficile 

infection.26 However, this study identified C. difficile infection based on C. difficile toxin assay 

results and/or a C. difficile diagnosis made by a physician. There is a possibility that some patients 



 101 

with a positive toxin assay could be due to colonization only and the accuracy of a clinical 

diagnosis by a general practitioner without C. difficile toxin assay is unreliable. Additionally, this 

study may not have controlled for potentially confounding variables, including a comorbidity 

measure and receipt of corticosteroids. Majority of the studies looking at the risk of C. difficile 

infection have not shown an association between NSAIDs and C. difficile infection,56 however, this 

study revealed  significant findings between NSAIDs use and C. difficile infection reflecting a 

probable detection bias. 

Antibiotics are known to disrupt the normal gut microflora allowing C. difficile to flourish causing 

either asymptomatic carriage of C. difficile spores or diarrhea of varying severity to fulminant 

colitis and even death.57 An increased risk of C. difficile infection was observed with increasing 

antibiotic potency in the current study, the risk of C. difficile infection with daily increase in the 

use of antibiotics in 30 days look back period was examined. This result is in line with previous 

literature with majority of past studies showing an increased risk of C. difficile infection with use 

of antibiotics.10,22,25,26,58 Dial et al showed a 3.1 times increased risk of C. difficile infection among 

patients using antibiotics compared to non-users of the drug.26 Howell et al in 2010 showed a 

1.82 times increased risk of C. difficile infection with low-risk antibiotics and 3.37 times increased 

risk with high-risk antibiotics compared to no use of antibiotics among hospitalized patients.58 

Most studies evaluating the risk of C. difficile infection were conducted in a hospital setting where 

the prevalence of antibiotic exposure is high, which has showed an increased risk of C. difficile 

infection due to antibiotic exposure.58 Antibiotics are frequently known to cause diarrhea and fall 

in the causal pathway of C. difficile infection causing diarrhea,59 thus introducing selection and 

ascertainment bias in hospital based studies. With recommendation of testing for C. difficile 
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infection among patients using antibiotics,60 patients receiving antibiotics compared to those not 

receiving antibiotics are more likely to be tested for the disease. C. difficile infection patients in a 

community setting are less likely to be prescribed an antibiotic compared to those in hospitals.25 

Current study showed that 18% of patients in the study cohort were using antibiotics with 52% 

of cases using antibiotics. Under these circumstances, it may be possible to gain a better 

understanding of risk of C. difficile infection associated with non-antibiotic drugs, like PPI.  

Current study showed an increased risk of C. difficile infection among patients with abdominal 

pain. Even though previous studies61 showed an increased risk of C. difficile infection due to 

abdominal pain, it becomes difficult to obtain symptoms and clinical signs in studies conducted 

retrospectively. Thus, further prospective studies should be conducted confirming this 

association. Disease severity is one of the major risk factors for C. difficile infection according to 

previous studies.22,58 Similarly, increasing Elixhauser comorbidity index score in the current study 

showed an increasing risk of C. difficile infection. 

The major strength of the current study is the study design and the analytical approach utilized. 

The use of incident density sampling assisted in obtaining controls who were at risk of C. difficile 

infection at the time of case selection and thus a fair sample of base cohort was obtained. 

Additionally covariates were selected based on evidence from previous literature and by 

conducting a forward stepwise conditional logistic regression thus reducing the possibility of 

over-fitting the model which generally is a concern in case-control studies.48,62,63 Several 

sensitivity analyses were conducted to assess the robustness of the study findings. An additional 

strength of the current study was utilization of a clinically relevant definition of the case, ICD-9-

CM code and a prescription for either metronidazole or oral vancomycin. The current study 
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excluded hospital related C. difficile infection risk factors, like C. difficile infection spores, by 

limiting the study analysis to a community setting. Current study utilized large privately insured 

database with comprehensive diagnosis and medication information. 

There are also some important limitations in the current study. Firstly, an older, 2003-2004, 

MarketScan dataset was used for study analysis. One of the major reas ons for using an older 

dataset was the availability of PPIs over the counter in 2003, 36 using a recent database could 

have induced a misclassification bias in the study due to inclusion of over the counter PPI 

medications. Important risk factors like renal diseases, inflammatory bowel syndrome, and MRSA 

infection25 could not be included in the study analysis due to decreased sample size of the study 

cohort. Due to absence of laboratory data, risk factors like serum albumin, serum creatinine 

levels45,61 could not be analyzed, also due to absence of lab data C. difficile infection could not be 

verified with microbial testing. Other infections like pneumonia could be controlled via a proxy 

measure of antibiotic medication prescription; however, antibiotics prescribed in an inpatient 

setting could not be controlled in the current study. The drug database provided information 

about prescription of medication; however, actual intake of the medication could not be 

confirmed. Due to absence of medical records, cases could not be validated in the current study. 

MarketScan databases are based on a large convenient sample and fail to generalize to other 

populations. However, MarketScan databases can complement other databases or can be used 

as benchmarks against them. Majority of large employers contribute to MarketScan database, 

however, data from medium or small firms are not included. 

CONCLUSION 
Use of PPIs was not associated with risk of C. difficile infection among community dwelling adults 

with an indication for GERD. Multiple sensitivity analyses confirmed the main analysis. However, 
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previous hospitalization, antibiotic exposure, abdominal pain and disease severity were 

associated with risk of C. difficile infection; these results are consistent with previous literature. 

Previous studies have found mixed evidence regarding the relationship between PPI use and the 

risk C. difficile infection. However, the findings suggest the need to be cautious in prescribing 

antibiotics to avoid the increasing risk of C. difficile infection. Future studies in community based 

setting in larger samples are required to better understand the association between PPI use and 

risk of C. difficile infection among GERD indicated adult patients. In addition, future studies  in 

community settings should also consider hospitalization data in order to control for antibiotics 

prescribed in an inpatient setting.  
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Table 1: Patient characteristics of cases diagnosed with C. difficile infection and controls without 

a C. difficile infection diagnosis 
N Patients All Patients Cases Controls P-

value   (N=485) (N=97) (N=388) 
Age (Mean, SD) 52.85 8.79 52.89 8.82 52.85 8.79 0.9671 

Gender (n, %) 

Male 165 34 33 34 132 34 
1 

Female 320 66 64 66 256 66 

Plan Type (n, %) 
Comprehensive 84 17.3 14 14.4 70 18 

0.2703 
PPO/EPO 248 51.1 52 53.6 196 50.5 

HMO 87 17.9 22 22.7 65 16.8 

POS 66 13.6 9 9.3 57 14.7 

Region               
Northeast 30 6.19 6 6.19 24 6.19 

0.6279 
North Central 157 32.37 34 35.05 123 31.7 

South 220 45.36 38 39.18 182 46.91 

West 77 15.88 19 19.59 58 14.95 

Elixhauser Comorbidity Index 
(point estimate), mean (SD) 

0.67 2.10 1.99 3.46 0.34 1.42 <.0001 

Previous hospitalization 49 10.10 38 39.20 11 2.80 <.0001 

Specific comorbidities (n, %) 

Hypertension 110 22.7 22 22.7 88 22.7 1 
Abdominal pain 86 17.7 37 38.1 49 12.6 <.0001 

Heart diseases* 51 10.5 17 17.5 34 8.8 0.0119 
Anemia 35 7.2 16 16.5 19 4.9 <.0001 

Diabetes Mellitus 31 6.4 9 9.3 22 5.7 0.1938 

Cancer 27 5.6 13 13.4 14 3.6 0.0002 
COPD*** 24 4.9 14 14.4 10 2.6 <.0001 

Psychoses** 23 4.7 9 9.3 14 3.6 0.0188 
Depression 22 4.5 11 11.3 11 2.8 0.0003 

Irritable Bowel Syndrome 17 3.5 12 12.4 5 1.3 <.0001 

Liver disease 15 3.1 4 4.1 11 2.8 0.512 

Diverticular Disease 7 1.4 5 5.2 2 0.5 0.0006 
Renal disease 6 1.2 5 5.2 1 0.3 <.0001 

Cerebrovascular disease 2 0.4 1 1 1 0.3 0.2878 

Helicobacter Pylori 1 0.2 0 0 1 0.3 0.6167 
Not enough sample size available for mechanical ventilation, diverticular disease, renal disease, 
Helicobacter Pylori, liver disease, irritable bowel syndrome, MRSA, and cerebrovascular disease 

Key: CDHP - Consumer-driven health plan; EPO - Exclusive provider organization; HDHP - High 
deductible health plan; HMO - Health maintenance organization; POS - Point of service; PPO -  
Preferred provider organization; SD - Standard deviation. 
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*Heart diseases include: Cardiac heart failure, Cardiac arrhythmia, Stroke, Transient ischemic 

attack, cardiovascular disease 
**Psychoses includes: Schizophrenia, Parkinson’s  

***Includes bronchiectasis 
 

Table 2: Patient characteristics of cases diagnosed with C. difficile infection and controls without 
diagnosis of C. difficile infection measured 30 days before the event 

N Patients All Patients Cases Controls 

P-

value 
  (N=485) (N=97) (N=388)   

Co-medications (n,%) 

H2 receptor antagonists 22 4.5 5 5.2 17 4.4 0.7434 

NSAID's 33 6.8 11 11.3 22 5.7 0.0473 
Anxiolytics 44 9.1 19 19.6 25 6.4 <.0001 

Corticosteroids 51 10.5 14 14.4 37 9.5 0.1596 

Antibiotics               

No Antibiotics 396 81.6 46 47.4 350 90.2 

<.0001 
High Antibiotics 18 3.7 11 11.3 7 1.8 

Medium Antibiotics 41 8.5 19 19.6 22 5.7 

Low Antibiotics 30 6.2 21 21.6 9 2.3 
Not enough sample size available for antidiarrheal agents and laxatives  
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Table 3: Adjusted relative risk of Community-acquired C. difficile infection associated with use of 

PPIs in cases with C. difficile infection and controls without C. difficile infection 

Variable 
Adjusted Odds 

Ratio 

95% Confidence 

Limits 
P-Value 

PPI use versus no use 1.23 0.57 2.68 0.5894 

Plan, Reference: (HMO) 

Comprehensive 0.46 0.13 1.62 0.2279 
PPO/EPO 1.10 0.42 2.85 0.8419 

POS 0.74 0.18 2.95 0.6706 

Previous hospitalization vs no 
previous hospitalization 

46.00 9.25 228.59 <.0001 

Co-morbidities 

Hypertension 0.52 0.20 1.30 0.1654 

Heart Disease* 0.23 0.05 1.07 0.062 
Abdominal pain 4.10 1.73 9.69 0.0013 

Anemia 2.54 0.67 9.67 0.1703 
Cancer 0.83 0.15 4.46 0.8305 

Depression 1.04 0.22 4.92 0.9603 
COPD** 1.13 0.26 4.95 0.8663 

Elixhauser Comorbidity Index 1.22 1.02 1.46 0.0269 

Co-Medications 

NSAIDs 2.97 0.77 11.42 0.1117 
Anxiolytics 2.33 0.76 7.06 0.1348 

Corticosteroids 2.33 0.86 6.28 0.0939 

Antibiotics         

Low-risk 1.06 1.02 1.11 0.0033 

Medium-risk 1.22 1.09 1.36 0.0003 

High-risk 1.27 1.10 1.46 0.0006 

Not enough sample size available for mechanical ventilation, antidiarrheal agents, laxatives, 
diverticular disease, renal disease, Helicobacter Pylori, liver disease, irritable bowel syndrome, 
MRSA, and cerebrovascular disease 
Key: CDHP - Consumer-driven health plan; EPO - Exclusive provider organization; HDHP - High 
deductible health plan; HMO - Health maintenance organization; POS - Point of service; PPO -  
Preferred provider organization; SD - Standard deviation. 
*Heart diseases include: Cardiac heart failure, Cardiac arrhythmia, Stroke, Transient ischemic 
attack, cardiovascular disease 
**Includes bronchiectasis 
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Figure 1: Schematic representation of base cohort 
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CONCLUSIONS AND IMPLICATIONS 

Proton pump inhibitors (PPIs) are the most widely used drugs for gastrointestinal disorders.  

These medications are used for extended periods and there is very limited data regarding the 

factors affecting the persistence PPI use.  This study examined the persistence of PPI use and the 

factors associated with persistent use of PPIs among patients with an indication for 

Gastroesophageal Reflux Disease (GERD). The study cohort consisted of 33,492 patients with a 

GERD indication and using PPIs. The mean duration of PPI treatment was 136.8 days. Multivariate 

analysis revealed that several predisposing, enabling and need factors were significantly 

associated with PPI persistence. Among predisposing factors increased PPI persistence was 

observed among males, summer season, northeast, north-central and west region and among 

patients visiting gastroenterology specialty care. Among enabling factors, higher PPI persistence 

was seen among patients with comprehensive plan coverage and lower persistence among 

patients with HMO coverage plan. Within the need factors, duodenal ulcer, patients using 

corticosteroids, antidepressants showed increased PPI persistence and lower persistence was 

observed among patients with H. Pylori infection, gastritis, gastro intestinal hemorrhage and 

abdominal pain. The results of this study could help healthcare providers like physicians and 

pharmacists to understand the factors that contribute to persistent use of PPIs and the efforts 

needed to optimize PPIs among patients with GERD. Further studies examining the relationship 

between the PPI persistence and risk of adverse events like infections, fracture, etc. could be 

considered. Further research could also be conducted evaluating factors responsible for PPI 

persistence among patients other than GERD indication.    
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Although PPIs are effective for the management of gastrointestinal disorders, research in 

inpatients suggests that PPIs are associated with nosocomial infections. Most of these adverse 

effects were evaluated in inpatient settings and limited data exists regarding it adverse effects in 

community settings. This study also examined the risk of pneumonia associated with PPI use 

among community dwelling adults with GERD. The study cohort consisted of 89,378 patients with 

GERD indication among which 67.36% patients were PPI users. Time varying Cox model revealed 

that 53% (HR: 1.53, 95%CI: 1.35-1.75) increased risk of pneumonia is associated with PPI use. The 

findings were consistent across multiple sensitivity analyses. Exposure of PPIs on a daily basis was 

associated with 32% (HR, 1.32; 95% CI, 1.18-1.47) increased risk and cumulative duration of PPI 

use found to have a 37% (HR, 1.37; 95% CI, 1.20-1.56) increased risk. Categorizing PPI users into 

current user, former user and non-user of PPI showed a 2.44 times (HR, 2.44; 95% CI, 1.96-3.03) 

increased risk of pneumonia among current users compared to non-users. Fractional polynomial 

analysis revealed an initial decreased risk of pneumonia until 175 days of cumulative duration of 

PPI use and an increased risk after 175 days of cumulative PPI use was observed. Overall the 

study suggests increased pneumonia risk with PPI use, especially when medications are used for 

extended periods. Therefore, PPIs should be used cautiously among community dwelling adults 

with a GERD diagnosis.  PPIs should be used appropriately in order to receive the benefits of the 

drug. The results of the current study can help to optimize PPI use and minimize long term use of 

PPIs. Providers can use these results to monitor and manage adverse events of the PPI 

medications including those available over the counter. Future studies could be conducted 

analyzing patients who are indicated for PPI use other than GERD diagnosis.  

Previous research regarding the risk of C. difficile infection due to use of PPIs is mixed.  Very 
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limited data exists regarding the risk of C. difficile infection and PPI use among community 

dwelling adults with an indication for Gastroesophageal Reflux Disease (GERD). Therefore, a  

 nested case-control analysis was also conducted evaluating the risk associated with C. difficile 

infection among users of PPI. The study sample consisted of 97 cases diagnosed with C. difficile 

infection and 388 age- and sex- matched controls were obtained. Conditional logistic regression 

analysis revealed that PPI use was not significantly associated with risk of C. difficile infection (OR: 

1.24, 95%CI: 0.57-2.68).  Multiple sensitivity analyses confirmed the main findings. The risk 

estimates for first sensitivity analysis which used PPI days of therapy as a continuous variable, 

showed results similar to primary analysis (OR: 1.01, 95% CI: 0.98-1.02). In the second sensitivity 

analysis, a forward stepwise conditional logistic regression showed no association between PPI 

use and risk of C. difficile infection (OR: 1.57, 95% CI: 0.76-3.24). The model removing 

metronidazole prescriptions from the control group, (OR: 1.63, 95% CI: 0.77-3.45) and matching 

on hospital admissions (OR: 1.08, 95% CI: 0.53-2.23) in addition to matching for age- and sex, 

showed results similar to primary analysis. However, previous hospitalization (OR: 46), previous  

antibiotics exposures, [low-risk (OR: 1.07), medium-risk (OR:1.22) and high-risk (OR:1.27)], 

abdominal pain (OR: 4.10) and disease severity (OR: 1.22) were significantly associated with 

increased risk of C. difficile infection. Although the study did not find risk of C. difficile infection 

with PPI use, there are other  significant  risk factors. The current research suggests the need to 

be cautious in prescribing antibiotics to avoid the increasing risk of C. difficile infection. Future 

studies in community based setting in larger samples are required to better understand the 

association between PPI use and risk of C. difficile infection among GERD patients.  

The research found that PPIs were used persistently for a duration longer than the recommended 
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guidelines and several predisposing, enabling and need factors were responsible for its long term 

use. One of the major reasons for long term use of PPIs is its low adverse effects profile, however, 

long term use of PPIs significantly decreases the acidity of the stomach predisposing a patient to 

infections. Among PPI users increased risk of pneumonia was observed among patients with 

GERD indication, fractional polynomial analysis revealed that among GERD patients the initial risk 

of pneumonia decreases due to decreasing the peptic acidity and thus decreasing chemical 

abrasive pneumonia. If PPIs are used for more than recommended duration, the risk of 

pneumonia increases due to bacterial growth in the gastroesophageal system. PPIs were not 

associated with C. difficile infection in the current study. Since the current study was conducted 

in a community setting, risk factors generally present in a hospital setting like C. difficile spores 

were unavailable. The diagnosis of C. difficile infection could not be verified using laboratory 

values of toxin A & B. Thus, overall there is need to conduct further studies among patients using 

PPIs. Overall the results of the current study could help health care professionals to understand 

the factors which lead to long term use of PPI medications. Providers could caution the extended 

use of over the counter PPI medications. Future research could use laboratory values to confirm 

the diagnosis of infections like pneumonia and C. difficile infection. Future research could also be 

conducted in community setting looking at patients using PPIs with indications other than GERD. 

With the availability of PPI medications over the counter, it becomes necessary to conduct similar 

research among patients using PPIs over the counter. 

 


