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ABSTRACT 
 
 

Proton pump inhibitors: indications and acid rebound 
Anna Niklasson 

Department of Medicine 
Sahlgrenska University Hospital, Göteborg University, Göteborg, Sweden 

 

          Proton pump inhibitors (PPIs) are nowadays the therapy of choice in the management of a 
variety of upper gastrointestinal (GI) conditions particularly gastroesophageal reflux disease (GERD). 
Previous studies indicate that patients commonly receive PPIs without clear indications. The 
proportion of GERD patients refractory to PPI treatment is unclear. The clinical importance of acid 
rebound is controversial. 
          The aims of the present study were to evaluate the use and indications for PPIs in hospitalised 
patients and to assess the prevalence of GI symptoms in patients with chronic obstructive pulmonary 
disease (COPD). Furthermore, to assess the proportion of GERD patients with persistent symptoms 
despite high dose PPI therapy and to evaluate if cessation of PPI therapy in healthy subjects is 
associated with the development of GI symptoms. 
          The use of PPIs was evaluated by reviewing medical records, and by interviewing patients. 
Gastrointestinal symptoms and psychological well-being in COPD patients were assessed by using 
three questionnaires: the Gastrointestinal Rating Scale, the Psychological General Well-Being and the 
Hospital Anxiety and Depression scale. GI symptoms and quality of life in GERD patients were 
measured using four questionnaires: the Reflux Disease Questionnaire, the GERD Impact Scale and 
the SF-36. To assess upper GI symptoms in healthy volunteers after cessation of therapy the Glasgow 
Dyspepsia Questionnaire was used. Gastrin and chromogranin-A (CgA) were used as indirect 
measures of gastric acid inhibition.  
           A large proportion of hospitalised patients used PPIs. Among hospitalised pulmonary patients 
49% used PPIs and the majority of the indications for the use were inappropriate, with peptic ulcer 
prophylaxis during corticosteroid therapy being the dominating inappropriate indication. The 
dominating appropriate indication was treatment for GERD. Gastroscopy had only been performed in 
32% of patients.  
          Gastrointestinal symptoms were common in patients with COPD but similar to another chronic 
patient group (chronic renal failure). The GI symptoms were associated with impaired psychological 
general well-being. COPD patients treated with PPIs had higher GI symptom severity and lower 
general well-being than patients not using PPIs. 
          GERD patients with at least moderate reflux symptoms despite PPI treatment were common. 
However, persistent symptoms are rare after increased dosage of PPI therapy. 
          Discontinuation of a four week course of PPIs in previously healthy subjects was associated 
with significantly higher frequencies of upper GI symptoms during the first and second week after 
cessation of therapy compared with subjects receiving placebo, 44% vs 9% respectively (p<0. 001). 
Significant higher levels of fasting as well as meal stimulated gastrin and CgA levels were found on 
the last day of treatment compared with levels prior to treatment. The GI symptoms during the first 
week after treatment correlated with basal and stimulated gastrin levels at the end of treatment.   
          Conclusion: PPIs were commonly used by hospitalised patients, and were especially common 
among pulmonary patients. A high proportion of patients lacked an adequate indication for PPI use. 
Few patients with GERD are refractory to treatment with PPI after increased PPI dosage. Cessation of 
PPI therapy in healthy asymptomatic subjects seems to induce GI symptoms. These symptoms are 
related to the degree of acid inhibition and are probably due to acid rebound hypersecretion.  
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obstructive pulmonary disease; acid rebound hypersecretion; gastroesophageal reflux disease. 
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INTRODUCTION 
 
 

Acid related complaints are frequent and 10 to 20 % of the general population experience 

heartburn and/or regurgitation at least once a week (1-7). Within a year 25-54 % of all adults 

in the general population will have experienced dyspeptic symptoms, but only a few of these 

will seek medical care (8-11). Among those dyspeptic patients who seek medical care the 

main findings are functional dyspepsia (>50%), peptic ulcer disease (20%), gastroesophageal 

reflux (20-30 %) or gastric carcinoma (<2%) (12). Proton pump inhibitors (PPIs) have 

become the choice of therapy in the management of acid related complaints, including 

gastroesophageal reflux disease (GERD), nonerosive reflux disease (NERD) as well as 

duodenal and gastric ulcers (13). Proton pump inhibitors represent one of the most commonly 

prescribed classes of drugs both in hospital and primary care settings (14-16). The usage of 

these drugs are increasing and constitute approximately 5-11 % of the total medical budget in 

Western countries such as UK, Denmark and Sweden (17). Although dyspeptic and reflux 

symptoms are highly prevalent according to epidemiological surveys (18, 19), it is unknown if 

the increasing use of antisecretory medication is related to a change in occurrence of these 

acid-related conditions, or a change in prescribing patterns. It has been proposed that PPIs are 

more often nowadays prescribed for minor symptoms without a clear indication (15, 20). 

Knowledge regarding the type of patients who use acid secretory medication, why they use it, 

and the consequences of this usage is limited. Although PPIs are effective and safe 

medications, concerns have been raised about the rebound acid hypersecretion phenomenon 

which has been proposed to occur after cessation of treatment with PPIs (21-24). Rebound 

acid hypersecretion is defined as an increase in gastric acid secretion after cessation of 

therapy compared to the acid secretion before treatment (25). The clinical significance of this 

proposed acid rebound phenomena remains unknown. Another challenge in the management 

of acid suppressive disorders is how to treat patients that do not respond adequately to PPI 

treatment. It has been reported that the number of GERD patients not responding to treatment 

with PPIs (refractory) (26, 27).  
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1. GASTRIC ACID 

 

The role of gastric acid in the stomach is to kill micro-organisms, including viruses (28). 

Gastric acid also plays an important role in the digestion of proteins. However, gastric acid 

can also cause problems and plays a major pathogenic role in upper gastrointestinal diseases 

such as reflux esophagitis.   

 

1.1 The parietal cell and the acid secretory process 

Gastric acid is produced in the stomach by the parietal cells. The normal human stomach 

contains approximately 1 billion parietal cells, with the number of parietal cells determining 

the maximal secretory rate and accounting for the variability among individuals (29). The 

parietal cells are located in the middle and lower parts of the gastric glands in the oxyntic part 

of the stomach. Secretion of acid from the parietal cell into the lumen is an energy demanding 

process where the parietal cell must expend a large amount of energy to concentrate hydrogen 

ions. This energy comes from adenosine triphosphate (ATP) which is produced by the 

numerous mitochondria located within the cell. When the parietal cell pumps H+ into the 

lumen it is exchanged for K+ across the mucosal membrane (30). This active transport is 

catalysed by the H+, K+-ATPase, and is called the gastric proton pump, and the proton pump 

is the final step of acid secretion (Figure 1). 

 

1. 2 Stimulants of acid secretion  

Acid secretion by the parietal cell is a complex process regulated by paracrine, endocrine and 

neural pathways. The physiological stimuli include acetylcholine, gastrin and histamine. 

Acetylcholine stimulates gastrin release in addition to stimulate the parietal cell directly (29, 

31, 32). Histamine occurring in many tissues including the entire GI tract is a potent 

stimulator of acid secretion. Histamine is found in the enterochromaffine-like (ECL) cell 

which is located close to the parietal cell. The mechanisms behind acid secretion are shown in 

Figure 1. Gastrin stimulates acid secretion by directly stimulating the parietal cell as well as 

stimulating the release of histamine from the ECL cell. Gastrin has a trophic effect on the 

ECL cell and regulates the ECL cells proliferation. Increased gastrin  levels 

(hypergastrinemia) results in an increase in the number of ECL cells (hyperplasia) which in 

turn leads to an increase of chromogranin- A (CgA) in the blood (29, 31, 32).  
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Figure 1. The parietal cell and the mechanisms of acid secretion. 
 
 
2. GASTRIC ACID-SUPPRESSIVE THERAPY 
 

2.1 Overview 

More than a century ago the initial discovery of gastrin followed by that of histamine, lead to 

progress over the following century in unrevealing the acid peptic disorders, highlighted by an 

increasingly sophisticated understanding of their role in the regulation of acid secretion (33). 

During the past four decades a dramatic improvement in the management of acid related 

disorders has been accomplished. Firstly, the discovery of the histamine2 receptor on the 

parietal cell (34) lead to the development of the histamine2 receptor antagonists (H2-receptor 

antagonists). Both of which were major landmarks in the treatment of acid related disorders 

(35). This was followed by the discovery of a proton pump inhibitor in the early eighties, 

which was another great step in the management of acid related disorders (36). Both H2-

receptor antagonists and PPIs are agents which inhibit acid secretion and the introduction of 

these agents was revolutionary in the treatment of acid disorder leading to a substantial 

improvement in quality of life for a large number of patients (13). These agents could heal 

peptic ulcer and surgery as a treatment for peptic ulcer disease has today mostly disappeared 
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(37). Proton pump inhibitors soon after marketing revealed a great efficiency in the treatment 

of GERD and are nowadays the drug of choice for most if not all acid related disorders.  

 

2.2. H2-receptor antagonists  

The first H2-receptor antagonist introduced on the market was cimetidine, followed by 

ranitidine, famotidine and nitrazidine. These agents are specific antagonists that inhibit gastric 

acid secretion by blocking the H2-receptor on the basolateral membrane of the parietal cell 

(Figure 1) (35). The H2-receptor antagonists are not able to inhibit meal-induced acid 

secretion and are only suitable for acid suppression during periods of basal acid secretion (34) 

and dosage at bedtime is therefore recommended (38). Adverse reactions are relatively rare 

among H2-receptor antagonists users, however there are some clinically important interactions 

between H2-antagonists and other drugs such as ketoconazole, metoprolol and theophylline. 

Another negative and restrictive factor in the use of H2-antagonists is the development of 

tachyphylaxis (tolerance) (39).  

 

 
2.3 Proton pump inhibitors 

The PPI group includes omeprazole, esomeprazole, lanzoprazole, pantoprazole and 

rabeprazole. These are effective acid-suppressive drugs that inhibit the final pathway for acid 

secretion in the parietal cell (Figure 1). All PPIs are substituted benzomidazole derivates and 

they function as pro-drugs and accumulate in the acid space of the parietal cell where they are 

converted to active sulphenamides by an acid catalysed reaction. By covalent binding, the 

sulphenamides inhibit the proton pump (H+/K+ATPase) irreversibly, resulting in a marked 

inhibition of both basal and stimulated gastric acid secretion (36). Proton pump inhibitors 

only bind to active proton pumps. Therefore only activated parietal cells will be inhibited, and 

resting parietal cell will escape inhibition (31). The ability of the parietal cell to secrete acid is 

restored when a new proton pump is converted from its inactive status in the tubulovesicle to 

the active form resulting in its location on the canalicular surface. As PPIs are most effective 

when the parietal cell is stimulated to secrete acid postprandially the timing of the dose is 

important. These drugs should be taken prior to a meal for optimal control of the acid 

secretion and to avoid therapeutic failure (40, 41). In most individuals, once-daily dosing is 

sufficient to produce the desired level of acid inhibition, however occasionally a second dose 

is necessary and should preferably be administered prior to evening meal. 
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Proton pump inhibitors are rapidly absorbed in the duodenum after oral administration with 

peak concentrations occurring two to four hours after administration (42). Since these drugs 

are acid-labile, they must be formulated in an enteric coating to avoid rapid degradation in the 

stomach (42). As PPIs bind irreversibly to the proton pump their duration of action is more 

affected by regeneration of new pumps than by the pharmacokinetic properties of the PPIs 

themselves. Proton pump inhibitors are metabolised by the polymorphic cytocrome P450 

(CYP) system (43-45). Most PPIs are predominantly metabolised by the S-mephenytoin 

hydroxylase (CYP2C19) and to varying degrees by nifedipine hydroxylase (CYP3A4) (44, 

46). However in contrast to the other PPIs, pantoprazole has a lower affinity to the CYP 

system (47-49). In addition to metabolism by the CYP system, pantoprazole is also 

metabolised by a cytosolic sulphotransferase with is neither non-saturable nor apart of the 

CYP system (44 141, 48 139, 49 140). The generic polymorphism of CYP2C19 is well 

studied, and three genotypes exist. They are heterozygous extensive (fast) metabolisers (EM), 

homozygous EM and metabolisers and poor (slow) metabolisers. About 3% of Caucasians are 

poor metabolisers, and approximately 47 % are heterozygous EM (50). Intragastric pH and 

gastrin levels during treatment with PPIs are influenced by the gene variations in CYP2C19. 

Intragastric pH and gastrin are shown to be higher in poor metabolisers and heterozygous EM 

than in homozygous EM (51). Although PPIs are often well tolerated in humans, the most 

common adverse effects reported for all PPIs include headache, diarrhoea, rash and nausea 

with an incidence of 1-3% (52).   

 

As healing and symptom control in acid related disorders correlate well to the degree of acid 

suppression (53), the therapy of choice in the current management of acid related 

gastrointestinal disorders is PPIs.  Proton pump inhibitors are first line therapy as they 

produce more complete and longer lasting acid suppression than H2-receptor antagonists (31). 

Proton pump inhibitors also have a slightly more preferable safety profile with fewer 

interactions with other drugs when compared with H2-receptor antagonists (13). 

 

 

2.4 Indications for PPI use   

Increased acid secretion is often found in patients with duodenal ulcer (54). Inhibiting the acid 

secretion heals the ulcer, and the more the secretion is inhibited, the quicker the healing 

process will be (55). In the case of peptic ulcer in the stomach, acid secretion is either normal 

or reduced (28). Nonetheless, inhibition of acid secretion heals the ulcer and reduction 
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relapses (55). Reduced acid secretion in peptic ulcer is caused by the accompanying gastritis 

(56). Peptic ulcers generally need a longer period of treatment before healing, compared with 

duodenal ulcers (55).  It is today well accepted that Helicobacter pylori (H. Pylori) infection 

is an important factor in the development of peptic ulcer disease, particularly duodenal ulcer 

(57). Not all patients with peptic ulcer disease are H. pylori positive, but those who are benefit 

from an eradication regimen consisting of a PPI plus antimicrobial agents. A seven-day 

regimen is recommended by consensus guidelines (58).  

 

There are a number of gastroduodenal mucosal defensive mechanisms, with non-steroidal 

anti-inflammatory drugs (NSAID) having deleterious effects on most of them. This results in 

a mucosa less able to cope with even a reduced acid load, such as during treatment with 

NSAIDs (59). Therefore adverse events that influence the GI tract are common among 

NSAID users, where the predominant GI side effects are gastroduodenal ulcers, erosions and 

dyspeptic symptoms (60). Proton pump inhibitors have shown to have a prophylactic effect 

against ulcers and dyspeptic symptoms in patients on long term treatment with NSAIDs (61, 

62). Proton pump inhibitors are also used as NSAID prophylaxis in patients with certain risk 

factors (63).   

 

Gastroesophageal reflux disease is among the most common gastrointestinal disorders in 

people in the Western world (1). The prevalence of GERD shows a range from 10% to 20 % 

in the general population depending on the definition and methodology used, although only a 

minority of these seeks health care (5, 64, 65). The diagnosis of GERD is usually based on a 

history of “typical” symptoms such as heartburn and acid regurgitation, with the symptoms 

ranging from mild to atypical, making diagnosis of this condition at time difficult. According 

to the Montreal definition GERD symptoms have to be troublesome or severe enough to cause 

a clinically significant impairment of the patient’s health-related quality of life (66). 

Maintaining an intragastric pH above 4 has been widely accepted as the benchmark for the 

efficiency of anti-secretory agents which are used in the treatment of pathological reflux (67). 

The degree of mucosal healing is directly related to the proportion of time during the 24-hour 

period for which the intragastric pH is maintained above 4. Distinct advantages in terms of 

healing and symptom relief have been shown for PPIs over H2-receptor antagonists in the 

control of GERD symptoms as well as healing of esophagitis (68). Proton pump inhibitors 

offers, according to 33 randomised controlled trials, a healing rate of approximately 78% in 

patients with esophagitis (69).  
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Proton pump inhibitors are also used in the treatment of patients with Zollinger-Ellison 

syndrome. These drugs are also in some countries approved for treatment of ulcer-like 

symptoms. This indication is probably based on the results from the Bond and Opera studies, 

showing the benefit of PPI compared with placebo in patients with ulcer-like dyspepsia (70).  

 

2.5 Non approved indications 

The use of PPI for functional dyspepsia is common although the usage to manage dyspepsia is 

controversial. There is little evidence that excess acid secretion is involved in the aetiology of 

this condition (71), and the natural history of functional dyspepsia remains poorly defined (72, 

73). It has been shown that the placebo response in functional dyspepsia is high and is at least 

30 to 40 % (74). It has also been demonstrated that treatment with PPI has a limited 

therapeutic effect over placebo (70, 75). Patients with uninvestigated dyspepsia may 

according to some guidelines, be recommended a single dose therapy of H2-receptor 

antagonists for 2-4 weeks to assess response in patients without alarm symptoms, and 

endoscopy is recommended only for the elderly and patients with persistent or rapidly 

recurring symptoms (12). 

 

Proton pump inhibitors are often prescribed as ulcer prophylaxis together with corticosteroids 

in a variety of conditions treated with corticosteroids. There has been some controversy as to 

whether or not the use of corticosteroids is associated with an increased risk for peptic ulcer. 

Earlier data indicated that the use of corticosteroids associated with the development of peptic 

ulcer, although only in a minority of patients (76). Studies have however since then found no 

association between corticosteroid use and the development of peptic ulcer (77, 78).  It has 

been demonstrated that only patients on corticosteroids that are concomitantly treated with 

NSAID are at increased risk for development of peptic ulcer as compared with patients taking 

only corticosteroids (77, 78).  

 

The use of PPIs for the prevention of stress ulcers has been well-defined in critical care 

patients (79). In recent years this practice has become increasingly common in general 

internal medicine patients (15). With little or no evidence to support the PPI use, this usage 

for prevention of stress ulcer in general medicine patients is currently not recommended nor is 

it supported in the clinical literature (80, 81).  
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2.6 The use of PPI  

The use of PPIs has increased dramatically over the past decades. As the use of PPIs has 

increased so too have the cost for these drugs, with today’s cost for PPIs constituting a 

considerable part of the medical budget (82-86). In Sweden the conglomerate cost of PPIs has 

grown since these drugs were launched in 1988. During 2007 the total cost for PPIs was 0.8 

billion SEK which constituted approximately 5 % of Sweden´s total medical budget. The 

expenditure on PPIs has recently decreased due to the reduction in the gross cost of PPIs. 

However the overall volume usage of these drugs is still increasing as measured by DDD 

(defined daily dosages) as shown in Figure 2. The DDD is a technical unit of measurement 

established by an expert panel and corresponds to the typical dose when the drug is used for 

its main indication by an adult. Today with the event of Helicobacter eradication therapy, the 

major part of PPI consumption can probably be attributed to reflux symptoms, although the 

proportion of patients using PPIs on the indication GERD vs other indications is unclear.   
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Figure 2. DDD /1000 habitants/day. Dotted lines represent the usage of PPIs, and the black 

lines represent the usage of H2-receptor antagonists. 
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As for most drug classes, evolution in clinical practice with time has led to changes in the 

pattern of use. Firstly PPI became commonly used in the long-term maintenance of acid-

related diseases particularly GERD (87, 88). Since then their use has extended into areas in 

which these drugs were not initially developed for. The alteration in this pattern of use may 

alter the balance between efficiency and those clinical problems related to their use i.e. the 

“risk/benefit ratio”. There is today increasing evidence of both inappropriate prescribing and 

inappropriate use of these drugs, both in the hospital (14-16, 20, 89) settings and in general 

practice (90, 91). An expanding proportion of patients have indeed poor indications for the 

use of PPIs (82, 92). The use of acid suppressive therapy in specific patient groups has been 

largely unexplored. 

 

2.7 Health related quality of life 

Health related quality of life (HRQOL) measurements focus on the patient’s subjective 

experience of the impact of the disease on their daily activities and well-being (93). Health 

related quality of life has become an important tool in assessing and explaining disease 

outcomes and has developed into an important outcome measure in treatment response of 

various diseases (94).  

  

The health related quality of life in patients with GERD is significantly impaired compared 

with the general population (95, 96). Also the general population with upper GI symptoms has 

a worse HRQOL than those without symptoms (97-99). Symptoms of reflux disease 

negatively affect the HRQOL through their impact on physical, social and emotional aspects 

(95). Health related quality of life is associated with both symptom severity and changes in 

GERD related symptoms. Heartburn is the main symptom that influences HRQOL. It has 

been well documented that medical intervention in the treatment of GERD provides 

improvement in GERD-related symptoms as well as an improvement in well-being and 

HRQOL (100). A period as short as two weeks of treatment with PPI significantly improves 

the HRQOL in patients with GERD (96).  
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3. COPD AND GASTROINTESTINAL COMPLICATIONS 

 

Chronic obstructive pulmonary disease (COPD) is a chronic, slowly progressive disease with 

airway obstruction (101). COPD is characterized by an accelerating decline in forced 

expiratory volume in one second (FEV1) and the relationship between COPD and smoking is 

very strong. Clinical relevant COPD within the Swedish adult population has been estimated 

to be from 4 to 6 % (102). However the prevalence is likely to be under-diagnosed (103). No 

major gender difference in prevalence has been found (102).  

 

The anatomical and physiological relationship between the upper airway tract and the 

oesophagus consists of a complex interaction. In the settings of disease, pathophysiological 

alterations may reflect both the upper airway and/or the oesophagus (104). Patients with 

COPD may be more vulnerable to reflux due to exaggerated intrathoracic pressure shifts and 

increased frequency of cough diaphragmatic flattening, which are common features in 

patients with COPD (105).  

 

Reflux-related symptoms are common in patients with asthma and several studies have 

estimated GERD symptoms in asthmatic patients to occur more often than in the general 

population (106-109). In contrast to asthma, limited data exists on the prevalence of GERD 

symptoms in patients with COPD (110-112). The prevalence of GERD in patients with COPD 

appears to be increased. It have been suggested that there is a trend towards a higher 

prevalence of GERD symptoms in patients with severe COPD (FEV1 ≤50 %) compared to 

patients with milder COPD symptoms (FEV1 >50%) (111, 112). However a recent study 

found no significant difference in the FEV1 value between patients with GERD symptoms and 

those without GERD symptoms (113). Information regarding the occurrence and burden of 

other GI symptoms in COPD patients is incomplete. Previous studies have only compared 

COPD patients primarily with healthy subjects (110, 112), and not with patients with another 

chronic disease. 
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4. CHALLENGES ASSOCIATED WITH THE USE OF PPIs 
 
As mentioned before PPI are an effective and safe treatment against acid related disorders, 

although a number of concerns have been raised regarding the usage of these drugs. Some 

studies have linked the use of PPI to an increased risk of community acquired pneumonia 

(114, 115), C difficile diarrhoea (116-118), campylobacter jejuni gastroenteritis (119) and hip 

fractures (120).   

 

Other challenges in the use of PPIs include the management of patients with gastroesophageal 

symptoms who do not respond adequately to PPI therapy. 

 

4.1 Patients refractory to PPI treatment 

The vast majority of patients with erosive disease show complete healing of esophagitis (121) 

and improved quality of life when treated with PPIs (122). A significant proportion of GERD 

patients have however persistent symptoms despite therapy with PPIs. This is more 

commonly observed in patients with non-erosive reflux disease (NERD) (26, 123). In a survey 

of 11 000 patients with chronic heartburn only 58% reported being totally satisfied with their 

anti-reflux treatment (124). Approximately 30% (range 25-40%) of patients with GERD 

symptoms are either not completely satisfied with their therapy or their GERD symptoms 

persist in spite of PPI therapy (26). Inadequate response to PPI therapy among GERD patients 

has been reported to be increasingly encountered in both primary and secondary care (26, 27). 

Although patients with persistent problems despite acid suppressive therapy have been 

presented as a considerable problem, the PPI dose and duration of therapy is controversial 

before a patient is considered to be refractory to PPIs (125). The medical literature does not 

offer an accepted definition for PPI failure (126). The underlying mechanisms for PPI 

refractory reflux symptoms have not yet been fully identified. One important reason for 

treatment failure is lack of compliance, and in a study only 55 % of patients with GERD took 

their PPI once daily for 4 weeks as prescribed (127). A proposed mechanism is weakly acidity 

reflux. Weakly acid reflux is the reflux of gastric content into the oesophagus with a pH 

between 4 and 7. It has been suggested that weakly acid reflux is associated with classic 

GERD symptoms (128). Another possibly mechanism is visceral hypersensitivity (126). 

 

In conclusion: little is known about the natural history of GERD patients that report 

symptoms despite receiving PPI therapy. Furthermore, limited data exist on the proportion of 
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symptomatic GERD patients that respond to the commonly used strategy in clinical practice 

of increasing the PPI dose in this scenario.  

 

4.2 Rebound acid hypersecretion 

It has been shown that discontinuation of acid suppressive therapy (AST) can lead to rebound 

acid hypersecretion. Rebound acid hypersecretion is defined as an increase in gastric acid 

secretion above pre-treatment levels following discontinuation of AST (25). Rebound acid 

hypersecretion after withdrawal of H2-receptor antagonist treatment is today a well-

established phenomenon (129-135). The rebound phenomenon after H2-receptor antagonist 

withdrawal occurs during 2-10 days after withdrawal (129, 131-134).  

 

The issue as to whether occurrence of rebound acid hypersecretion also applies after 

withdrawal of PPI therapy has been addressed in a number of studies (22-24, 135-139). 

However these studies present conflicting data some studies have found no evidence for 

rebound acid hypersecretion after discontinuation of PPI therapy (136-139). More recent 

studies suggest that there is an increase in acid secretory capacity after PPI therapy 

discontinuation in H. pylori-negative subjects (22-24).   

H. pylori-positive subjects are less likely to experience rebound problems and this is probably 

due to the interaction between H. pylori colonization and acid production. H. pylori positive 

subjects have a mucosal inflammation which releases inflammatory mediators such as 

interleukin-1. Interleukin-1 is a potent suppressor of the production of gastric acid, and it is 

also suggested that the bacteria have a direct suppressive effect on the parietal cells (140, 

141). Rebound phenomena in H. pylori positive patients may be masked at least two weeks 

after treatment by persisting oxyntic gastritis (142, 143).  

 

The exact mechanism of the acid rebound phenomenon remains unknown, however there are 

four proposed mechanisms for the acid rebound hypersecretion. These are: upregulation of H2 

receptors, hypergastrinaemia-stimulating histamine release by ECL cells, increase of parietal 

cell mass, and upregulation of H+/K+-ATPase activity (39, 131, 132, 144-146). The 

development of ECL hypergastrinemia is probably associated with treatment duration since it 

takes some time to develop hyperplasia. Proton pump inhibitors block the proton pump 

irreversibly taking a number of days to generate fully. Therefore the rebound acid 

hypersecretion might be expected first after a number of days after cessation. The duration of 

rebound acid hypersecretion remains unknown, however it is suggested that after treatment 
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for 4-12 months the rebound hypersecretion measured with gastric acid output studies has 

lasted for at least 8 weeks but less than 26 weeks (21, 22, 137). Studies have suggested that 

CgA is useful in the evaluation of ECL-hyperplacia (24), as well as the possibility of gastrin 

being used to measure the rebound acid hypersecretion (25, 147). 

 

The rebound acid hypersecretion after withdrawal of PPI therapy has been proposed to lead to 

difficulties for some patients in ceasing treatment with PPIs (148). This might be due to the 

resurgence of symptoms induced by acid rebound hypersecretion. The discontinuation of H2-

receptor antagonist is accompanied by the onset of dyspeptic symptoms in previously 

asymptomatic subjects (148). According to this hypothesis rebound acid hypersecretion may 

lead to a physical ”dependency” of acid suppressive therapy. Although many studies have 

been performed to evaluate the rebound of acid after withdrawal of PPIs, the clinical 

relevance of rebound hypersecretion after treatment with PPI remains unknown.  
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AIMS OF THE PRESENT STUDIES 
 

The present thesis had the following aims: 

 

1. To evaluate the use and indications for acid suppressive therapy in hospitalised 

patients and to investigate whether prescribing of acid suppressive medications follow 

the appropriate registered indications in three different wards at a large Swedish 

University hospital. 

 

2. To assess the prevalence of gastrointestinal symptoms in patients with chronic 

obstructive pulmonary disease in comparison with patients with another chronic 

disease. Further to explore a relationship between gastrointestinal symptoms and 

psychological well-being among patients with chronic pulmonary disease. 

 

3. To assess the proportion of GERD patients with persistent symptoms in spite of 

therapy with proton pump inhibitors and to assess the natural history of these 

complaints. To evaluate if a period of high dose therapy with PPI can resolve 

problems for patients refractory to PPI therapy.  

 
4. To investigate whether healthy volunteers experience upper gastrointestinal symptoms 

after cessation of a short course of PPI treatment in comparison with placebo. To study 

a potential relationship between the possible symptoms and the gastrin and 

chromogranin-A levels. 
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SUBJECTS AND METHODS 
 
 

The studies were all performed according to the Declaration of Helsinki and were approved 

by the ethics committee of the University of Göteborg. The study IV was also approved by the 

Medical Product Agency in Sweden. All participants in the studies gave their informed 

consent. This chapter presents and comments on the methods used for these studies. For 

further details see the separate papers (I-IV). 

 

1. SUBJECTS AND INCLUSIONS CRITERIA 

 

These studies were carried out between 2001 and 2007 at the Sahlgrenska University 

Hospital, with the exception of paper IV where the study occurred at both Sahlgrenska 

University Hospital and Karolinska University Hospital in Stockholm. 

 

Paper I 

A total of 301 hospitalised patients at the Sahlgrenska University hospital were included in 

the study. Out of the total 301 patients 162 patients were hospitalised on a pulmonary ward of 

which patients with pulmonary diseases were enrolled. A group of 139 patients served as 

controls. Of these 139 patients, 88 were hospitalised on a surgical ward, and 51 were 

hospitalised on the general medicine ward.   

 

Paper II 

A total of 234 outpatients with a diagnosis of COPD were consecutively recruited from the 

speciality pulmonary clinic at Sahlgrenska University Hospital, Gothenburg, Sweden. Of the 

234 patients, 150 patients were eligible to participate. All patients had a diagnosis of COPD. 

The inclusion criteria were diagnosis of COPD according to the Global Initiative for Chronic 

Obstructive Pulmonary Disease (GOLD) criteria (16), and age ≤80 years. Exclusion criteria 

were; patients with respiratory disorders other than COPD, significant co-morbidities such as 

malignancy, heart failure, rheumatoid arthritis, a poor command of the Swedish language, and 

any psychiatric disorder. A total of 113 patients completed the questionnaires, giving a 

response rate of 80%. Eighty-two patients with CRF served as a control group, and these 

patients were obtained from a group of 230 patients, who had previously been included in an 
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earlier study, conducted by our research group (149). The CRF control group was matched by 

age and gender to the patients with COPD. For comparison of GSRS and PGWB, we used 

values from a previous study on the general population which including 2.162 healthy 

subjects (150). 

 

Paper III 

A total of 123 patients were identified from two primary care centres in Gothenburg Sweden 

and from an endoscopy unit at the Sahlgrenska University Hospital in the same city with a 

diagnosis of GERD and on treatment with acid suppressive therapy. These subjects were 

asked to complete a questionnaire concerning the type, dose and duration of acid suppressive 

therapy, previous investigations and the pattern of drug use. A total of 88 of the 123 patients 

approached for the study (71.5%) completed the questionnaire.  

 
Paper IV 

Forty-eight, H. Pylori-negative healthy volunteers was included in the study. All included 

volunteers were non-smokers. None of the subjects had any previous history of 

gastrointestinal symptoms. Exclusion criteria were a positive H. pylori test, a history of 

dyspeptic symptoms, and the use of any agent that may induce dyspepsia such as i.e NSAIDs. 

 

2. QUESTIONNAIRES (II, III, IV) 
 
In the studies II, III and IV a range of self-administered questionnaires were used to assess GI 

symptoms, psychological state and quality of life.  

 

Gastrointestinal Symptom Rating Scale (GSRS) (II) is a validated self-administered 

questionnaire (151), originally constructed as an interview-based rating scale (152). The 

GSRS measures the presence and severity of gastrointestinal symptoms. The GSRS uses a 7-

graded Likert scale ranging from “no discomfort” to “very severe discomfort”. It includes 15 

items which are grouped into five dimensions; reflux syndrome, abdominal pain syndrome, 

constipation syndrome, indigestion, and diarrhoea syndrome. The higher the scores, the more 

severe are the symptoms. The questions concern symptom severity relating to the last week 

previous to the questionnaire being filled out. The results from the GSRS were compared with 

normal values from the Swedish general population obtained in a previous study in which 

2162 healthy subjects were enrolled (150). A second control group of 82 patients with chronic 
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renal failure previously recruited for a study by our research group were used as another 

control group. The data from this has been published earlier (149).  

 

The Hospital Anxiety and Depression Scale (HAD) (II) was developed to detect depression 

and anxiety in patients with somatic disorders rather than in psychiatric patients (153). It is a 

reliable instrument with “cut-off” scores for screening of clinically significant anxiety and 

depression in outpatients attending a general medical clinic. This instrument has also been 

shown to be a valid measure in the severity of these disorders of mood. The self-assessment 

scale consists of 14 items, each using a four-grade Likert scale (0–3), with subscales for 

anxiety (seven items) and depression (seven items). A higher score represents a higher level 

of depression and anxiety. A score of eight or greater indicates possible distress and a score of 

ten or more indicates a clinical relevant depression and anxiety.  

 

Rome II questionnaire (II). This questionnaire was designed in order to identify patients 

with functional GI disorders, such as irritable bowel syndrome (IBS) (154). These questions 

concern symptoms during the three month period prior to the study. The criteria are 

abdominal discomfort or pain with two of three of the following features; relieved with 

defecation and/or onset associated with a change in frequency of the stool, and/or onset 

associated with a change in the form (appearance) of the stool.   

   Comments: We used the Rome II, and the questions regarding IBS in order to identify patients who met the 

criteria for IBS. 

 

Glasgow Dyspepsia Questionnaire (IV) was initially developed to provide a global 

measurement of the severity of dyspepsia in patients with a variety of upper GI disorders 

(155). A modified version of the Glasgow Dyspepsia Questionnaire was developed and used 

in an earlier study by Smith et al assessing symptom development in healthy volunteers after 

discontinuation of ranitidine (148). The modified Glasgow Dyspepsia Questionnaire was 

designed to reflect on a wide range of symptom severity and nocturnal disturbance as well as 

behavioural response to sustained symptoms (Table 1). A Swedish version of this 

questionnaire was used in study IV (Table 2).  
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Table 1. Modified version of the Glasgow Dyspepsia Questionnaire 

Symptom Score 

 

Have you experienced any dyspeptic symptoms within the last 24 h? (This would include 
epigastric pain, reflux, flatulence, etc.) 
No                     0 
Yes      See below             1 
 
1. Severity of Dyspeptic Symptoms 
 
   Mild: aware of it, but not interfering with normal activities     1 
   Moderate: interfering with some normal activities       2 
   Severe: interfering with most normal activities      3 
 
2. Did the discomfort disturb your sleep? 
 
   Yes          1 
   No          0 
 
3. Total duration of dyspeptic symptoms in the past 24 h? 
 
   30 min          1 
   30-60 min          2 
   1-6 h          3 
   6-12 h          4 
   12-24 h          5 
 
4. Did you take anything for it? 
 
   No                      0 
   Yes 
     Nonpharmacological e.g., earlier meal time      1 
     Pharmacological          2 
 
5. Did you tell anybody about it? 
 
 No          0 
Yes          1 
 

Total possible score                     12 
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Table 2. Modifierad version av Glasgow Dyspepsia Questionnaire på Svenska 
 

Symptom registrering 
 

Har du upplevt några dyspeptiska symptom under de senaste 24 timmarna? ( Dyspepsi 
innebär smärta eller obehag i övre delen av buken, halsbränna, sura uppstötningar, 
uppspändhet)  
 
       Nej                                   0 
       Ja        Fortsätt svara på frågorna nedan  1 
 
1. Svårighetsgraden av dina besvär 
 
   Lätta (jag är medveten om besvären, men stör inte mina normala aktiviteter)  1 
   Måttliga (stör några av mina normala aktiviteter)      2 
   Svåra (stör de flesta av mina normala aktiviteter)      3 
 
2. Störde besvären din nattsömn? 
 
   Ja            1 
   Nej            0 
 
3. Den sammanlagda durationen (tiden) av besvären under de senaste 24 timmarna  
 
   30 min           1 
   30-60 min           2 
   1-6 h            3 
   6-12 h           4 
  12-24 h           5 
 
4.Tog du något för att lindra besvären?  
    
   Nej            0 
   Ja- icke-farmalogisk (ex. tidigare måltid)       1 
   Ja- farmakologisk (dvs. läkemedel)                    2 
 
5. Berättade du för någon om dina besvär? 
 
   Nej            0 
   Ja            1 
 
 
Total max score                                               12 
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Psychological General Well-Being (PGWB) (II) is a generic self-administered instrument to 

measure subjective well-being or distress (156). The PGWB is well validated and has been 

used extensively in quality of life studies in both cardiology and gastroenterology (157-159). 

The PGWB index includes 22 items which are presented in both a global overall score, as 

well as six dimensions such as anxiety, depressed mood, positive well-being, self-control, 

general health, and vitality. The questions concern symptoms during the week prior to 

questionnaire completion. Scores are calculated for each dimension and these are then added 

together yielding an overall score. The PGWB use a 6-grade Likert scale. The global score 

range from a maximum value of 132 to a minimum value of 22 where a higher score 

represents a greater well-being.  

 
 
Reflux Disease Questionnaire (RDQ) (III) is a 12-item self-administered questionnaire 

which was designed to assess the frequency and severity of heartburn, acid regurgitation and 

dyspeptic complaints (pain or burning in the upper stomach) during the week prior to 

questionnaire completion (160). Symptom frequency and symptom severity are measured on a 

six-point Likert scale from no occurrence to daily/severe. The 12 questions can be grouped 

into four symptom dimensions: heartburn, regurgitation, GERD and dyspepsia. The reliability 

and validity of the RDQ have previously been established in several studies (160, 161) 

 

GERD Impact Scale (GIS) (III) was developed to be a simple tool to monitor how patients 

respond to treatment of GERD symptoms (162). The GIS questionnaire includes nine items 

that measure three factors (burning and pain, other acid-related symptoms, and impact of 

GERD symptoms). Items are scored on a 4-grade scale (never to daily) recording symptoms 

present during the week prior to questionnaire completion. The GIS scale has recently been 

validated. Complimentary to the GIS impact scale, patients in study III were asked six 

accompanying questions (Table 3). 
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Table 3. Questions asked to patients as a complement to GIS 

1.  Which is your current treatment? 

(omeprazole/pantoprazole/esomeprazole/rabeprazole/lanzoprazole/H2 antagonists) 

2. What is your normal dosage of your medication? ____ mg 

3. How do you take your medicine? ( daily, on demand)  

4. Do you at any time take higher dose than your doctor recommend? 

(Always/sometimes/rarely/ never) 

5. Despite therapy, have you during the last week of treatment had at least moderate 

problems with heartburn, acid reflux and/or epigastric pain? (Yes <2/ 2-3 days/ >4/No) 

6. Do you find that your acid related symptoms have an influence on your quality of life 

and your well being? ( Yes/No) 

 

 

 
Short-Form 36 (SF-36) (III) The Medical Outcome Study Short form 36 (SF-36) is a generic 

HRQOL instrument, and has been thoroughly tested and validated (163-165). The SF-36 has 

been widely used in patients with a range of diseases. It measures the health status of the 

general population, primary care patients, acutely ill patients and chronic disease populations. 

It consists of 36 items organised into eight domains (physical functioning, role-physical, 

bodily pain, general health perceptions, vitality, social functioning, role limitations caused by 

emotional problems and mental health) and produces summary physical and mental health 

measures. The SF-36 is scored from 0 to 100, with a higher score indicating a better HRQOL. 

The SF-36 has been used in several studies to assess the impact of duodenal ulcer, GERD and 

reflux esophagitis, and the effect these illnesses may have on HRQOL (100, 166-168). 

 

 
3. DATA COLLECTION (I, II) 

 

In paper I the following data were collected from the patients medical records: admitting 

diagnosis, drugs used for GI disorders/symptom, concomitant drug use, information about the 

acid suppressive therapy i.e. dose and the evaluations for the use of acid suppressive therapy, 

and where the acid suppressive therapy were started. As a complement to the medical records 

patients were interviewed if data were unable to be retrieved from the medical records. In 

paper II the following data were collected from the medical records: age, weight, height, 
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concomitant diseases other than COPD, drugs used for GI disorders/symptoms, smoking 

status, and FEV1readings (data on FEV1 values were not noted if these were recorded more 

than six months previously). 

 

4. TEST MEAL (IV) 

 

In study IV, all participants received breakfast after an overnight fast. The test meal consisted 

of two whole grain sandwiches with a total of 4 slices of cheese, a boiled egg and a glass of 

milk (200 ml). Blood samples for meal stimulated gastrin were drawn from an indwelling 

cannula at baseline and at 30 minutes, 45 minutes and 60 minutes after the meal.  

 

5. STUDY MEDICATION (IV) 

 

In paper IV, all participants were randomised in a double-blind fashion to treatment with 

either pantoprazole 40 mg or visually identical placebo one daily for 28 days. The participants 

were instructed to take the study medication each morning at breakfast. A reminder telephone 

call to the participants was made after two weeks of treatment. Tablets were counted after 

four weeks of treatment.  

 

6. HELICOBACTER PYLORI (IV) 

 

To assess the infection of Helicobacter Pylori the 14 C urea breath test (UBT) was used, 

Heliprobe (Noster, Sweden) (169). The method is reliable and well validated and is easily 

performed. The urea breath test has a higher sensitivity compared to the serological test for 

H.pylori. 

 

7. BLOOD SAMPLES (IV) 

 

In paper IV, plasma levels of gastrin and CgA was used as an indirect measurement of the 

acid inhibition. Gastrin samples were taken prior to meal and at 30, 45 and 60 minutes after 

the intake of the standard breakfast. The CgA and blood samples were obtained prior to the 

meal when the volunteers have been fasting over a night. The samples were then centrifuged 

at 3800 g at 4oC for 10 minutes. The plasma and serum were then stored at -80oC until the 

analysis. Plasma concentrations of gastrin were determined by Immunometric methods with 
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chemoluminiscence measurements. The CgA concentrations were determined by 

Radioimmunoassay with reagents from Euro-Diagnostics (Malmö, Sweden). The analysis of 

gastrin and CgA was performed at the Clinical Central Laboratory at the Sahlgrenska 

University Hospital.  

 

Blood samples for CYP2C19 status were taken when the volunteers were fasting. Venous 

blood samples were frozen and stored at -80oC. DNA was isolated according to standard 

methods. The CYP2C19*2 allele was identified by polymerase chain reaction (PCR) as 

prescribed by de Moraris et al (170). Similarly the CYP2C19*3 allele was analysed by PCR 

of exon 4. Analysis was executed with TaqMan assays by Applied Biosystems. Analyses were 

performed at Genomics core facility, Göteborg, Sweden.  

   Comments: The gastrin and CgA served as indirect measures of acid inhibition. A more precise way to 

measure acid inhibition would be to determine acid hypersecretion by aspiration methods. However the invasive 

nature of measuring aspirations via tubes obviously makes symptom assessments very difficult, if not impossible 

for the purpose of the study. 

 

8. STATISTICAL METHODS 
 

Results are presented as mean and standard deviation (SD) or standard error of the mean 

(SEM), and median and interquatile range (IQR). Results in paper II are mostly presented as 

median and IQR, except when GSRS and PGWB data are compared with the results from the 

general population, in the latter case, the results (as the original population) are shown as 

median with 95% confidence interval (CIs) to make comparisons possible. In study IV non-

parametric tests were used, but in order to provide more information the numbers and results 

for dyspeptic symptoms are presented as a mean and standard deviation (SD). 

All tests were two-tailed and significance was accepted at the 5% level.  

The following statistical methods were used:  Student´s t-test (II), Mann-Withney U test (IV) 

(Iii), Kruskal-Wallis (III), ANOVA (III), Wilcoxon signed rank test (III), Fisher´s exact test 

(I, III, IV), Chi squared test (III) and Sperman´s rank correlation for non parametric 

correlations (IV). 
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RESULTS 
 

 
 
1. USE OF ACID-SUPPRESSIVE THERAPY (I) 
 
A total of 132 (44%) patients among the 301 hospitalised patients received PPIs or H2-

receptor antagonists during the study period. The most frequently used type of medication 

was PPIs which were used in 126 (95%) of the cases, where as the remaining six (5%) 

patients received H2-receptor antagonists.  

 

1.1 Comparison of the usage of acid-suppressive therapy among different wards  

On the pulmonary ward 79 (50%) of the patients received AST. On the surgical wards 43 

(49%) of the patients received AST, whereas only ten (20%) of the patients on the general 

internal medicine ward were on AST. A higher proportion of hospitalised patients with 

pulmonary diseases used AST compared with patients hospitalised on the general internal 

medicine ward (p<0.01). There was no significant difference between pulmonary patients and 

patients hospitalised on the surgical ward in terms of the proportion of patients receiving 

AST.  

Of the patients receiving AST, 88 (67%) were prescribed AST prior to admission, whereas 44 

(33%) began their therapy during the hospitalisation.  

1.2 Indications for acid-suppressive therapy  

Of the 132 patients receiving AST, 54 (41%) had an adequate indication for the use of AST, 

whereas 78 patients (59%) lacked an adequate indication. The proportion of patients with 

inadequate indication for AST was higher among patients hospitalised on the pulmonary 

ward, compared with the control wards (68 % vs. 47% p<0.05). 

 

The most common adequate indication for AST among patients on the pulmonary ward and 

on the general internal medicine ward was gastroesophageal reflux disease (GERD), which 

represented the indication in 15 (11%) of the patients (Figure 3), whilst peptic ulcer was the 

most common adequate indication on the surgical wards.  
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Figure 3. Adequate indications for the use of AST. Black bars represent the pulmonary 
patients, stripped bars represent the surgical patients and the white bars represent the general 
medicine patients.  
 

 

Ulcer prophylaxis during treatment with corticosteroids was the most frequent inadequate use 

and was observed in 17 (13%) patients. Of these patients, 15 were hospitalised on the 

pulmonary ward (Figure 4). The most common inadequate indication for AST usage on the 

other wards was stress ulcer prophylaxis following treatment in the intensive care unit, which 

was not discontinued when the patients were transferred to general wards, and represented 12 

of the cases (Figure 4). There was no significant difference between the distribution of 

adequate and inadequate indications among patients already taking AST on admission 

compared to those who commenced AST during hospitalisation (data not shown).  

   Comments: The decision whether the use of a drug is appropriate varies over time due to new research and 

new findings. In this study we used the indications approved and listed in the 2002 version of the Swedish 

National Formulary. Gastrointestinal intestinal haemorrhage prior to endoscopy was also considered an 

appropriate indication.  
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Figure 4. Inadequate indications for the use of AST. Black bars represent the pulmonary 
patients, stripped bars represent the surgical patients and the white bars represent the general 
medicine patients.  
 

1. 3 Investigations 

Of the 132 patients receiving AST, 56 patients (42%) had undergone gastroscopy. On the 

pulmonary ward only 25 patients (31%) had been investigated by gastroscopy, compared with 

the other wards where 31 of 53 patients (58%) had undergone gastroscopy (p<0.05). Patients 

who had undergone gastroscopy were more likely to have an inadequate indication for AST as 

opposed to patients who had not undergone gastroscopy (p<0.01). Of the patients who were 

on long term treatment for peptic ulcer, none had received HP eradication at any time. Only 

one patient had undergone 24-hour esophageal pH measurements. 

 
 
 

2. GASTROINTESTINAL SYMPTOMS AND HRQOL IN PATIENTS WITH COPD 
(II) 
 

Patients with COPD had a significantly higher prevalence of gastrointestinal symptoms as 

compared to the reference values (general population), demonstrated a significantly higher 

(Table 4). When comparing the COPD group and the CRF group, patients in the COPD group 

had a tendency to higher GSRS scores, except in the sub-dimension of diarrhoea, but none of 

these differences reached statistical significance. In all the GSRS domains the score was 
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significantly higher in both the COPD and the CRF groups compared to the general 

population (Table 4). 

   Comments: The fact that the reference values and the values from the CRF patients were taken from another 

study can be troublesome. There is both gender and age difference among the CRF group and the COPD group 

compared to the general population. The CRF group and the COPD group were older, and the proportion of 

females was also higher in this group.  

 

Tabel 4. Comparison of GSRS scores between patients with COPD, patients with CRF and 
the general population.  
 
   COPD                CRF           General Population 
              (n=113)   (n=82)                (n=2126) 

 
Total    2.12 (1.92-2.28)*** 1.96 (1.81-2.12)*** 1.53 (1.50-1.55) 
   Reflux  1.67 (1.46-1.87)*** 1.55 (1.34-1.76)*     1.39 (1.36-1.43) 
   Abdominal pain  1.93 (1.93-2.16)*** 1.80 (1.60-2.00) **  1.56 (1.53-1.59) 
   Constipation  2.19 (1.89-2.45)*** 2.02 (1.73-2.31)*** 1.55 (1.51-1.58) 
   Indigestion  2.47 (2.19-2.70)*** 2.10 (1.89-2.31)*** 1.78 (1.75-1.82) 
   Diarrhoea  1.98 (1.76-2.23)*** 2.20 (1.86-2.55)*** 1.38 (1.35-1.41) 

 

Mean values and 95% confidence interval for the groups. * P≤0.05, ** P≤0.01, ***P≤0.001 
compared with the general population.  
 

 

 

 

No significant differences were found among COPD patients with a FEV1≤50% compared 

with COPD patients with a FEV1 >50% in any of the GSRS domains. In the COPD group, 

females had significantly higher GSRS total scores as well as higher reflux scores, abdominal, 

and indigestion domains compared with males (Figure 5). Among CRF patients no significant 

effect of gender on GI symptom severity could be detected. 
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Figure 5. Comparison of the different GSRS domains in females (n=75) and males (n=38) in 
the COPD patient group. * P ≤ 0.05. Values are given as medians and interquartile ranges. 
 

 

The GI symptom severity did not differ significantly between patients receiving theophylline 

and corticosteroids, and those not receiving these drugs (data not shown). Body mass index 

had no impact on GI symptoms (data not shown). Sixteen (14%) of the COPD patients 

fulfilled the Rome II criteria for IBS.  

 

Patients with COPD reported significantly lower scores on all the PGWB dimensions, 

comparing with both the CRF patients and the general population (Table 5). Body mass index 

and gender had no impact on the psychological general well being (data not shown). There 

was no significant difference in any of the PGWB dimensions between the COPD patients 

with FEV1≤50% in comparison with COPD patients having a FEV1 >50% (data not shown). 

 

Out of the 113 COPD patients, 34 (30%) suffered from possible depression as measured by 

the HAD scale (HAD score of ≥8).  Possible anxiety (score of ≥8) was present in 45 (40%) of 

the COPD population. A negative correlation was found between the GSRS score and the 

PGWB index, in both COPD patients (r=-0.49; P<0.001) and CRF patients (r=- 

0.43; P<0.001).  
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Table 5. Comparison of PGWB scores between patients with COPD, patients with CRF and 
the general population. 
  
                                     COPD               CRF                   General Population 
   (n=113)  (n=82)                       (n=2126) 

 
Totalt   90 (78-104)*** 98 (83-113)*             103 (102-104) 
  Anxiety  23 (20-27)***  25 (22-29)              24 (24-25) 
  Depressed mood 14 (12-17)***  15 (13-17)              16 (15-16) 
  Positive well-being  14 (12-16)***  15 (12-18)**              16  (16-17) 
  Self-controll  14 (12-16)***  15 (14-17)              15  (15-16) 
  General health  12 (10-14)***  13 (11-16)***               15 (14-15) 
  Vitality  14 (12-17)***  15 (13-19)***               17 (17-18) 

Mean values and 95% confidence interval for the groups. * P≤0.05, ** P≤0.01, ***P≤0.001 
compared with the general population.  
 

 

 

COPD patients with a high total GSRS score were more likely to have anxiety (measured with 

HAD) than patients with a low GSRS score (p<0.0001). The occurrence of depression (HAD 

score ≥8) was also associated with a high GSRS score (p<0.001). 

 

 

2.1 Consumption of acid-suppressive therapy among COPD patients  

In the COPD group, 30 (26.5%) patients were receiving acid suppressant therapy (AST) were 

25 patients (30%) in the CRF group. Among the COPD patients receiving AST, 17 (57%) 

were also taking corticosteroids orally. Patients with COPD receiving AST reported 

significantly higher total GSRS scores as well as reflux scores, abdominal pain and 

indigestion scores compared with those patients without treatment (Table 6).  
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Table 6. Comparison of GSRS scores between COPD patients using AST and patients not 
using AST.    
  
 
   Non users of AST AST users in the COPD group 
   (n=165)   (n=30) 
   

 
 
Total   1.60 (1.00-2.00) 2.33 (1.84-2.90) ** 
  Reflux  1.00 (1.00-2.00) 1.50 (1.00-2.50) * 
  Abdominal pain 1.33 (1.00-2.00) 2.33 (1.17-3.17) *** 
  Constipation  1.67 (1.00-2.33) 1.67 (1.00-3.33)  
  Diarrhoea  1.67 (1.00-2.92) 1.33 (1.63-3.50) 
  Indigestion   1.75 (1.25-2.75) 2.75 (1.84-2.90) ** 

 
Values are given as medians and IQR. , * P≤0.05, ** P≤0.01, ***P≤0.001. 
 
 
AST users also had a significantly lower total PGWB score of 86 (76-101) compared with a 

PGWB score of 97 (84-111) in those not on AST (P<0.003). All AST users had significantly 

lower scores in the PGWB domains, than those not using AST except in the dimensions 

depression and self-control. 

 

3. PATIENTS WITH PERSISTENT SYMPTOMS 
 

A total of 44 (57%) of  the 77 patients reported that they had at least moderate problems with 

heartburn, acid reflux or epigastric pain during at least two or more days over the last week of 

treatment and all considered that the problems were associated with an  impaired quality of 

life. There were no significant difference between the group of asymptomatic and patients 

with symptoms, in the domains of age, gender and BMI (data not shown).  

 

3.1 Response to high dose treatment with PPI 

Of the 44 patients who originally reported symptoms despite PPI therapy, 18 (41%) were still 

symptomatic three months later when they completed the same questionnaires and fulfilled 

the predefined criteria for high dose PPI therapy, being 23% of the original cohort (18/77).  

 

One patient declined treatment due to evaluation of extraintestinal malignancy. Thus, 17 

patients were eligible to receive treatment with esomeprazole 40 mg twice daily for a period 

of four weeks. On this high dose therapy three patients developed diarrhoea during the 
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treatment and did not want to proceed with this strategy and reverted to their previous 

treatment. The diarrhoea resolved in all patients. After 12 weeks of treatment, ten patients had 

no symptoms and tapered down the treatment to the lowest effective PPI dose. The patients 

had at the end of treatment significantly lower scores on the domains for heartburn, GERD 

and dyspepsia on the RDQ scale compared with baseline values (Table 7).  

 

 

 

 

Table 7. Change in GI symptoms measured by RDQ for patients treated for 4 to 12 weeks. 
Before treatment and follow up after 12 weeks.  
 

                   Prior to  treatment change (n=10)              After 12 weeks (n=10)    change p-value 

Heartburn           11.14 (±4.78)                                  3.29 (±3.30)              0.0313 

Regurgitation              6.54 (±4.47)                              2.29 (±4.27)               N.S 

GERD                          18 (±7.62)                                    5.29 (±6.92)              0.0469 

Dyspepsia                   7.14 (±4.10)                                  1.34 (±1.81)              0.0313 

 

 

After 12 weeks of treatment four out of the seven patients still had persistent symptoms, three 

patients had no symptoms and tapered down the PPI treatment. The remaining four patients 

with persistent symptom underwent upper endoscopy. One of the patients was during follow-

up diagnosed with microscopic colitis and after successful treatment of her symptoms of 

diarrhoea with budesonide, the gastrointestinal complaints subsided (no GERD symptoms) 

and the patient was therefore not a candidate for upper endoscopy. Three patients underwent 

endoscopy with normal results except for a small hiatal hernia in one patient. There were no 

signs of esophagitis in any of the patients. 

 

3.2 Quality of life  

Quality of life in patients who had at least moderate problems with heartburn, acid reflux or 

epigastric pain for a period of at least two or more days during the last week of treatment had 

significantly lower quality of life compared to patients who were satisfied with treatment 

(data not shown). Patients who tapered-down after 4 or 12 weeks of treatment had 
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significantly higher quality of life in the dimensions for bodily pain, vitality and physical 

component after than before treatment as shown in Figure 6. 
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Figure 6. SF-36 dimensions before and after treatment in poor responders. Black bars 
represents before treatment, and grey bars represent after 4-12 weeks of treatment with high 
dose PPI.  
 

 

4. DYSPEPTIC SYMPTOMS AFTER CESSATION OF PPI 
 

The mean aggregated dyspeptic symptoms during the first and the second week after 

discontinuation of therapy was significantly higher in the pantoprazole group compared with 

the placebo group (p<0.05) (Figure 7).  However, no significant difference was observed 

before or during treatment in the two groups (Figure 7).  
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Figure 7. Mean aggregated dyspepsia score, on a weekly basis (mean and SEM) in the 
pantoprazole group (dotted lines) and in the placebo group (black lines). Weeks 1-2=prior 
treatment, Weeks 3-6=during treatment, and Weeks 7-12=after treatment. * p<0.05 

 

 

During the first week after treatment, a total of 11 of 25 (44%) volunteers in the pantoprazole 

group experienced dyspeptic symptoms in contrast to 2 of 23 (9%) of the volunteers in the 

placebo group (p=0.009). During the second week after treatment 6 of 25 (24%) participants 

in the pantoprazole group experienced dyspeptic symptoms compared to none in the placebo 

group (p=0.003). During the third week in follow-up 4 of 25 (16%) patients in the 

pantoprazole group had dyspepsia versus 2 of 23 (9%) in the placebo group (NS).  

 

3.2 Gastrin levels 

Fasting and meal stimulated gastrin levels measured during the last week of treatment were 

significantly higher in the pantoprazole group compared to that of the placebo group 

(p<0.0001) (Figure 8). No significant differences were found in the fasting and meal 

stimulated gastrin levels six weeks after treatment between the pantoprazole group and the 

placebo group. Nor were there any significant difference found prior to treatment in the 

fasting gastrin between the pantoprazole group compared with the placebo group. There was 

however a significant difference between the pantoprazole group and the placebo group in the 

meal stimulated levels measured 45 min after test meal (Figure 8). 
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Figure 8. Levels of Gastrin (mean and 
SEM) in the pantoprazole group (dotted 
lines) and controls (grey lines). A= 
Before treatment (1), B= Last week of 
treatment (2), C= Six weeks after 
treatment (3).  * p<0.05, **p<0.01, 
***p<0.001. 
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The total dyspeptic symptom scores during the first week after treatment was significantly 

associated with the basal levels of gastrin (p<0.01) (rho=0.477), and the meal stimulated 

gastrin levels (p<0.01) (rho=0.488) at the end of treatment. 

 

3.3 Chromogranin levels 

The mean CgA score was similar in the pantoprazole group and the placebo group prior to 

treatment, as well as six weeks after treatment (N.S) (Figure 9). However the CgA levels were 

higher in the pantoprazole group (6.1±2.7) compared with the placebo group (3.8±1) during 

the last week of treatment (p<0.001). 
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Figure 9. Levels of CgA (mean and SEM) in the pantoprazole group (dotted line) and in the 
placebo group (black line). Before, during and after treatment. ** p<0.01 

 

 

3.3 CYP2C19 Genotypes  

Participants were classified into three groups according to CYP2C19 genotypes. Thirty 

participants (15 in each treatment group) were homozygous extensive metabolisers (EM) for 

the wild type allele (wt/wt) and fourteen participants were heterozygous EM, (8 in the 

pantoprazole group and 6 in the placebo group). Two volunteers (one in each treatment group) 

were homozygous for the mutated allele (mut/mut) and thus poor metabolisers (PM). 

Dyspeptic symptoms during the first week after treatment were mainly found among wild 

type subjects in the pantoprazole group 
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DISCUSSION 
 

 

1. USE OF ACID SUPPRESSIVE THERAPY 

 

Hospitalised patients in the current study had a high consumption of acid suppressive drugs 

with 95% of patients treated with PPIs. Among patients with pulmonary diseases, one in 

every two patients received treatment with AST, and only 40 % of these patients had an 

appropriate indication for the treatment. Overuse of acid suppressive therapy has previously 

been shown in both primary care (82, 91, 171, 172), as well as in hospitalised patients (15, 16, 

20, 89, 173, 174). In studies performed to date the range of hospitalised patients receiving 

AST is 20-54 %. However previous studies addressing indications for AST in hospital 

settings have only focused on determining the use of AST amongst hospitalised patients in 

general (15, 16, 89, 173, 174). Information about the use of AST in specific patient groups, 

with chronic diseases has been limited. A study from our research group has previously 

shown a high prevalence of AST consumption in patients with another chronic disease, CRF 

patients (20). In our study a larger proportion of pulmonary patients used AST compared to 

patients on the internal medicine ward, but not in comparison with patients on the surgical 

ward.  

 

A significantly larger proportion of the studied pulmonary patients lacked an adequate 

indication for the use of AST in comparison with patients hospitalised on the surgical and 

general internal medicine wards in our study. Earlier studies as do recent studies confirm a 

similarly high level of inadequate use where 61-81% of the prescriptions were not indicated, 

as determined by consensus review (15, 16, 20, 89, 91). Ulcer prophylaxis during 

corticosteroid treatment was a common inadequate use among patients on the pulmonary 

ward. The use of PPIs as ulcer prophylaxis was also a common inadequate indication in 

hospitalised patients in Italy (89). Oral corticosteroids are among the most widely used drugs 

in the treatment of patients with pulmonary diseases, especially those with chronic obstructive 

pulmonary disease (COPD) as was the case in the present study. Previously, use of 

corticosteroids has been reported to be associated with the development of peptic ulcer, 

although only in a small minority of patients (76, 77). However it has since been shown that 

there is no increased risk for peptic ulcer related to corticosteroid use (78, 175). Only those 

patients on corticosteroids who are concomitantly treated with NSAID are at an increased risk 
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for peptic ulcer compared with patients taking only corticosteroids (78). Our findings revealed 

that the ulcer myth still exists and doctors tend to believe that patients with corticosteroids 

need ulcer protection, although there is no support in evidence for that usage nowadays (78, 

175).  

   

The number of patients who received AST and were investigated by upper endoscopy was 

low, with a large difference between the wards. On the pulmonary ward, only 31% of the 

patients receiving AST had undergone upper endoscopy, whilst on the other wards the 

percentage of patients who had undergone upper endoscopy was 58% which was a 

significantly higher proportion. Our findings are supported by others who found that only a 

small proportion of patients have undergone upper endoscopy (20, 176), but others have 

found that a relatively high proportion of patients on AST have undergone upper endoscopy 

(16). The reason behind the large difference between the proportions of patients that had 

undergone upper endoscopy was not addressed in the present study, but it is conceivable that 

patients with pulmonary diseases have a poorer health status making it difficult for these 

patients to undergo such a procedure. Not all patients receiving PPI as symptomatic treatment 

of dyspepsia need to undergo upper endoscopy prior to AST. However patients above 50-55 

years should undergo upper endoscopy to rule out other serious diseases (12). In the present 

study most of the pulmonary patients were aged 50 years or above. 

 

Treatment of GERD, was in our study the most common adequate indication in the overall 

use of AST, which was especially common among patients with pulmonary diseases. A 

contributing factor to this may be that drugs commonly used by pulmonary patients, such as 

theophylline, may decrease the pressure of the lower esophageal sphincter (LESP)(177). 

However, the effect of theophylline on LESP is still controversial (178-180). Theophylline is 

nowadays not standard treatment for pulmonary patients and it has decreased substantially 

during the last two decades. The association between GERD and respiratory symptoms is well 

recognised in the setting of asthma (106-109). In contrast to asthma the prevalence of GERD 

symptoms is not well established in patients with COPD (110-112).  

 

One explanation for the increasing use of proton pump inhibitors might be the fact that they 

are effective therapy in many conditions and that the incidence of GERD in the western 

countries seems to be increasing (181). Proton pump inhibitors also have a preferable safety 

profile with little interactions and little incidence of adverse effects (52). There is also a lack 
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of alternative treatment for patients with functional dyspepsia. It has been well documented 

that PPI are currently prescribed for none approved and sometimes unclear indications (15, 

20, 82, 89, 91, 92, 147, 172). In our study a high proportion of patients were prescribed AST 

for none approved indications, with a relatively high proportion of patients being prescribed 

AST for abdominal pain. Proton pump inhibitors are today frequently prescribed for non-

dyspeptic symptoms in the community, and the prescription is generally continued if a patient 

is admitted to hospital (147, 182). It has been shown that decisions about AST prescribing do 

not influence prescription behaviour in primary care (183). The communication between 

hospital and primary care concerning the background for AST is also insufficient, and this 

probably influences rational pharmacotherapy.  

 

A number of studies have shown that long term PPI treatment is common (16, 20, 172). In the 

current study information regarding the duration of treatment was not available in all patients, 

but in the pulmonary patients the mean treatment time was long (mean 20.3 months). Often 

patients had been receiving a PPI treatment for a prolonged period of time and neither the 

primary care physician nor the admitting hospital practitioner had questioned the indication 

for the continuing use. The use of these drugs needs to be evaluated both in primary care as 

well as before discharging patients from the hospital the doctor must make sure that the 

indication is still present.  

 

2. GASTROINTESTINAL SYMPTOMS IN PATIENTS WITH COPD (II) 

 

One of the reasons for undertaking the study on the GI symptoms in patients with COPD was 

the high frequency of PPI use among these patients as seen in paper I.  

In the present study patients with COPD had a high prevalence of GI symptoms in 

comparison with the general population. However in comparison with patients with another 

chronic disease (patients with chronic renal failure), no statistical differences in GI symptoms 

were observed, yet there was a trend toward higher GSRS scores in the COPD group. 

Previous studies have in line with our results demonstrated a high prevalence of GERD 

symptoms among COPD patients compared with healthy controls (110, 112) or patients 

attending an internal medicine clinic (111). The prevalence of GERD in these studies 

(measured using the Mayo Clinic GER questionnaire) ranged from 15 to 19% (111, 112). 

Two studies have measured GERD with 24-hour esophageal pH monitoring in patients with 

severe COPD and found a prevalence of GERD in 57-62 % of patients, but most of these 
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patients lacked typical GERD symptoms (110, 184). The association between GERD and 

lower esophageal sphincter (LES) is intuitive, and drugs often used by patients with COPD 

such as theophylline or anticholinergic drugs have been suggested to lower LESP, but the 

association has been questioned in other studies as previously mentioned. In the current study 

there was no association between the use of theophylline and GI symptoms. 

 

Previous studies addressing GERD symptoms in COPD patients and patients with another 

chronic disease have to date been lacking. Apart from comparison with reference values 

obtained from the general population in a group of patients with a chronic disease (CRF) 

served as a control group in our study. A better approach would have been to prospectively 

recruit control groups. One of the limitations in our study was the use of historical controls.  

 

In the current study COPD patients had a significantly lower total PGWB index of 90 

compared with the CRF patients’ index of 98 and the general populations’ total PGWB index 

of 102. We found an association between a high total GSRS score and depression and anxiety. 

Furthermore, a negative correlation between GSRS score and PGWB index was also found to 

be present. These findings imply that GI symptoms may have a clinically meaningful impact 

on quality of life for COPD patients. Previous studies have shown that the presence of upper 

GI symptoms has a negative impact on well-being and other aspects of quality of life in 

individuals consulting health care (185). 

 

The use of acid-suppressant drugs was found in 26.5% of the patients with COPD. As shown 

in paper I there was a high consumption of acid suppressant drugs among patients with 

pulmonary diseases. Interestingly, patients receiving acid suppressant medication had a 

significantly higher total GSRS score, and higher scores for the reflux, abdominal pain and 

indigestion dimensions, than those patients not receiving acid suppressant drugs. The reason 

for this is unclear. A possible explanation may be insufficient treatment of GERD with an 

inadequately low dose of AST or the fact that, their GI symptoms are not acid-related. 

Another possibility may also be non-compliance with their medication. However, the 

increased GI symptomatology in these patients requires diagnostic work-up in these patients 

in order to explore different treatment options that aim for a better treatment for GI symptoms 

and hopefully a better psychological well-being.  
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3. TREATMENT OF PATIENTS REFRACTORY TO STANDARD TREATMENT 

 
 
In the initial assessment of quality of GERD therapy a significant proportion of GERD 

patients treated with PPI had persistent symptoms in spite of therapy. However, despite 

seemingly persistent symptoms a very small proportion of patients do not respond to high 

dose PPI therapy for a period of at least four weeks and up to three months. Only a small 

proportion of patients had persistent symptoms after high dose PPI treatment. Of the patients 

without significant symptomatic improvement after high dose therapy the dominant 

symptoms were not those of GERD.  

 

Like our study, others have shown that a significant proportion of GERD patients are 

refractory to treatment with PPI (186, 187). The proportion of patients with GERD persistent 

symptoms in spite of standard dose PPI therapy range from 20 to 40 %. However the 

definition of  “poor response” to PPIs or persistent symptoms despite therapy is controversial 

(26, 27, 125). Heartburn not adequately relieved after four weeks of therapy with a standard 

PPI dose has been defined as “refractory”(26). The true number of PPI-refractory patients has 

been considered to be overestimated (125). It is of major importance to treat these patients 

both sufficiently in time and dose before symptoms can be called refractory. The number of 

responders has been found to increase for up to eight to 12 weeks of acid suppressive 

treatment (188, 189). The results of the current study are in line with this as a significant 

proportion of patients had symptomatic improvement or PPI response after 12 weeks of 

treatment. The proper therapeutic approach to patients who fail standard-dose PPI once daily 

is not well established in the literature (26). Clinical guidelines have supported increasing the 

dose to twice daily (“double-dose”) in these patients. Studies evaluating alternative PPI 

treatment with a double dose have shown benefit with a higher PPI dose (double dose) (26, 

190). Doubling the PPI is also suggested to be beneficial in patients with functional heartburn 

(191). In the current study participants received 40 mg esomeprazole twice daily, which is a 

doubling of the dose used in the most previous studies where patients responded poorly to 

standard PPI dose. This dose was arbitrarily chosen. However we hypothesized that this dose 

would eliminate acid reflux in the vast majority of patients. Ph monitoring studies have 

revealed that 31% of patients taking standard dose PPI had elevated acid exposure, as opposed 

to only 4 % of patients having an elevated acid exposure on a twice-daily PPI dose (192). In 

our study patients were treated for at least one month up to three months with high dose PPI. 
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It is seemingly important to use a high PPI dose for a sufficiently long treatment period in 

order to receive optimal response especially in patients with oesophageal hypersensitivity 

(126). 

 
Assessment of the response to therapy is of major importance in the management of most 

clinical conditions but in GERD objective instruments to assess and monitor response to 

therapy have been largely lacking. Information on the symptomatology of GERD patients has 

been shown to be more reliable with the help of a structured questionnaire than symptoms 

reported at the initial doctor consultation. Recently the GIS questionnaire, as used in the 

current study designed to monitor response to GERD therapy was validated (192). Poor 

agreement between GERD patients and clinicians in their assessment of symptom severity has 

been demonstrated, with physicians tending to underestimate symptom severity and 

overestimate the treatment effects (193). The initial assessment of symptom severity in GERD 

patients on PPI therapy in the current study revealed that more than half of the patients 

seemed to have suboptimal response to therapy. Thus, increased use of symptom based 

questionnaires such as the GIS questionnaire in clinical practice may identify patients with 

suboptimal GERD treatment. Evaluation of symptom is of importance during treatment, 

especially since many patients are on long term treatment in order to optimize therapy.  

  

In the current study we also wanted to determine the natural history of patients who were 

symptomatic despite PPI therapy. Our results indicate that this is a heterogeneous group as 

33% of the initial “poor responders” were satisfied with the same GERD therapy during the 

three following months after initial assessment. Thus, a cross-sectional survey can be 

misleading as some patients experience spontaneous remission. The explanation of this is 

unclear but it can not be excluded that the survey or participation in a clinical study may 

provide part of the explanation.  

  

Poor compliance is probably a common cause of a seemingly PPI failure and may be the 

single most common cause of persistent symptoms when these symptoms do not resolve after 

commencement of PPI therapy (194). In patients with refractory GERD symptoms the initial 

step for doctors should be to ask patients about the way in which they take their PPI, in 

particular the dose, timing and frequency of dosing. In our study patients were told to take the 

PPI 30 minutes prior to both breakfast and dinner, as the timing of the dose can be critical for 

maximal effect. Proton pump inhibitors are often taken inappropriately and this was revealed 
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in a US survey showing that only 27% of GERD patients dose their PPI correctly (i.e. up to 

60 minutes before any meal of the day).  Out of these patients only 9.6%  consumed their PPI 

optimally (i.e. 15-60 minutes before the first meal of the day) (195). Further in a study among 

primary care physicians across the USA, only 36 % of doctors gave their patients advice on 

how to take their medication (196). A large population-based study revealed that only 55% of 

GERD patients take their PPI as prescribed by the doctor (197). One explanation for this high 

non-compliance is complete resolution of symptoms early on in the treatment. In this study 

we were not able to assess compliance but as most patients were satisfied with their treatment 

at the end of the study period, it is unlikely that compliance was poor in our patients during 

the study period. 

 

 

4. DYSPEPTIC SYMPTOM DEVELOPMENT (IV) 

 

It has previously been proposed that withdrawal of PPI produces rebound hypersecretion of 

gastric acid (22-24). However the clinical significance of the proposed rebound of acid is 

uncertain and its existence have been questioned in a recent review (25). The current study 

demonstrated that treatment with pantoprazole 40 mg per day for four week course seems to 

induce dyspeptic symptoms in previously healthy asymptomatic subjects. Upper GI 

symptoms were significantly more frequent in the pantoprazole group during the first two 

weeks after cessation of PPI therapy than after cessation of placebo. A total of 44% of 

subjects in the pantoprazole group experienced upper GI symptoms during the first week after 

cessation compared with 9% in the placebo group. In agreement with the study by Smith et al. 

comparing H2-receptor antagonist with placebo we found that previously asymptomatic 

healthy volunteers developed upper GI symptoms after cessation of PPI (148). Proton pump 

inhibitors have a longer lasting acid suppressive effect after cessation due to irreversible 

inhibition of the proton pump, and it takes a number of days after treatment for newly 

synthesized proton pumps to generate full effect. As shown in the current study the symptoms 

were present during the first week following cessation and also after the second week. The 

symptom development during the first week following cessation was most frequent at day five 

and six in our study.  
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Our results extend the current understanding as do the study by Smith et al., were no 

measurements of gastrin and CgA were performed (148). Furthermore, as shown in our study 

the CgA levels were significantly increased during the last day of treatment in the 

pantoprazole group compared with baseline values. Several studies have suggested that serum 

CgA levels can be used as a test to evaluate ECL-cell hyperplasia in patients using acid 

suppressive therapy (24, 198-200). Our findings suggest that the participants in the 

pantoprazole group showed development of ECL-cell hyperplasia which is suggested by 

significantly higher CgA levels. However six weeks after treatment the CgA and gastrin 

values were normalized, showing a rapid recovery to normal gastrin function. This may be 

related to the relatively short period of treatment. On the other hand studies evaluating 

treatment with PPI for a longer period of time (4-12 months) have demonstrated rebound acid 

hypersecretion lasting for at least 8 weeks, but no more than 26 weeks (21, 22, 137). 

 
In agreement with other studies fasting gastrin as well as gastrin levels after meal intake were 

significantly increased on the last day of treatment compared with baseline values in the 

pantoprazole group in the present study (22-24). A significant association between the degree 

of increase in maximal and fasting plasma gastrin has been proposed to be of importance for 

acid rebound hypersecretion (22). Gillen et al. have demonstrated that the degree of rebound 

hypersecretion is related to the elevation of plasma gastrin during treatment. In the present 

study we found a correlation between the development of dyspeptic symptoms and fasting as 

well as meal stimulated gastrin levels. A recent study demonstrated that GERD patients with 

high fasting gastrin had more difficulties discontinuing PPI than patients with low fasting 

gastrin (201). The results of the current study suggest that the degree of acid inhibition is of 

importance for GI symptom development after the withdrawal of PPIs. 

 

Some studies have failed to show acid rebound hypersecretion after cessation of a PPI, but in 

these studies has not determined H. pylori status in the participants (136-139). The results 

from the studies showing the presence of acid hypersecretion post PPI treatment have been 

questioned for being non-blinded and for other methodological limitations such as small study 

populations (22-24). However, our results with a double-blind, parallel group design clearly 

demonstrates that acid rebound hypersecretion exists and that it is clinically relevant. Another 

strength in our study is the relatively large sample size compared to previous studies (23, 24, 

202).  
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A substantial proportion of patients that are prescribed PPI for an extended period have 

indications that do not require long-term PPI treatment (203). It is conceivable that long-term 

treatment with PPIs might induce exacerbation of symptoms after treatment discontinuation, 

which can lead to the need for continuing treatment, therefore creating a problem which was 

not there from the beginning. The results from our study suggest that that may partly be the 

problem in long-term treatment. Knowledge regarding the occurrence of acid rebound 

hypersecretion after treatment with PPI is of importance both for patients as well as for doctor 

when discontinuing treatment. The dyspepsia we found may resolve spontaneously within two 

weeks. Therefore doctors should be discouraged from recommending treatment if symptoms 

occur immediately after cessation.  However a study of the occurrence of symptomatic acid 

rebound hypersecretion in patients has not yet been undertaken and our results need to be 

confirmed in patients with conditions that require PPI treatment.  

 

In conclusion, we have demonstrated that after a short course of PPI development of 

significant dyspepsia appears in previously asymptomatic healthy volunteers in the first and 

second week after treatment cessation.  
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SUMMARY AND CONCLUSION 
 
 

 
1. The use of acid suppressive therapy in hospitalised patients was common and patients 

with pulmonary disease had particularly consumption of proton pump inhibitors.  A 

large proportion of patients with pulmonary disease that receive acid-suppressive 

drugs have an inadequate indication for the use. The most frequent inadequate 

indication among these patients was ulcer prophylaxis during corticosteroid treatment. 

 

 

2. Patients with COPD had a high prevalence of gastrointestinal symptoms in 

comparison with the general population, but not in comparison with patients with 

another chronic disease. The gastrointestinal symptoms in patients with COPD were 

associated with impaired psychological well-being, indicating that GI symptoms might 

have a clinically meaningful impact on quality of life for COPD patients.   

 

 

3. A relatively large proportion of GERD patients have persistent symptoms in spite of 

therapy with PPI. High dose treatment with PPI for 4 to 12 weeks was associated with 

improvement in GERD symptoms in the vast majority of patients.  

 

 

4. Healthy volunteers randomised to a short course of a PPI (pantoprazole) developed 

significant dyspeptic symptoms in comparison with those receiving placebo after 

cessation. These dyspeptic symptoms were present for at least two weeks. Upper GI 

symptoms score correlates to basal as well as meal stimulated gastrin levels at end of 

treatment. 
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