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GAStRo-oeSoPHAGeAL ReFLUX DISeASe AnD FUnCtIonAL 
DYSPePSIA 

Definition and prevalence

Gastro-oesophageal reflux disease (GORD) is a common gastrointestinal disorder in 

the Western world, with 15-20% of the population suffering from reflux symptoms on at 

least a weekly basis1-3. GORD is defined by the international Montreal consensus group 

as a condition which develops when reflux of stomach contents causes troublesome 

symptoms including heartburn, non-cardiac chest pain and regurgitation4, or induces 

mucosal damage, such as reflux oesophagitis, peptic stricture and intestinal metaplasia 

(Barrets oesophagus) with varying degrees of dysplasia. 

Functional dyspepsia (FD) is also a highly prevalent gastrointestinal disorder, with an 

estimated prevalence of 12-15% in developed countries5. FD is defined as the presence of 

chronic or recurrent symptoms thought to originate in the region of the gastroduodenum, 

in the absence of organic, systemic, or metabolic disease. The symptom spectrum is 

diverse and includes upper abdominal discomfort or pain, postprandial fullness, early 

satiety, nausea, vomiting and bloating6. Although often chronic, the symptoms in FD 

are frequently intermittent, even during a period of marked symptoms. Attempts have 

been made to simplify the heterogeneity of the dyspepsia symptom complex. In 2006, 

dyspepsia was therefore redefined according to the Rome III criteria and replaced by 

two new symptom entities, i.e., the epigastric pain syndrome (EPS) and the postprandial 

distress syndrome (PDS). The EPS is characterised by pain or a burning sensation 

localised in the epigastrium of at least moderate severity and at least once a week, 

whereas PDS is defined as unexplained meal-induced dyspeptic symptoms that occur 

at least several times per week7. 

Pathophysiology

The pathophysiology of GORD is complex and only partially understood. Multiple factors 

may play a role in the development of reflux symptoms and damage to the oesophageal 

mucosa. Under normal conditions reflux of gastric contents into the oesophagus is 

prevented by the anti-reflux barrier, consisting of an intrinsic and extrinsic sphincter, 

constituted by the lower oesophageal sphincter (LOS) and the crural diaphragm8. Any 

alterations of these anatomic structures may cause an increase in gastro-oesophageal 
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reflux, for example spatial separation that occurs in patients with a hiatal hernia9. 

Furthermore, increased oesophageal acid exposure may also occur by means of the 

so-called transient relaxations of the LOS (TLOSR)10. This physiological reflex by the 

vagal nerve protects against dilatation of the stomach by enabling ingested air to be 

ventilated. In GORD patients a higher percentage of these TLOSRs is accompanied by 

reflux11.  

Several mechanisms have been suggested to underlie dyspeptic symptoms, 

including abnormal gastric sensorimotor function such as delayed gastric emptying  , 

hypersensitivity to gastric distension and impaired gastric accommodation to a meal, 

occurring in 20-60%, 30-40% and 40-70% of FD patients respectively12-19. Furthermore, 

abnormal duodenojejunal motility, abnormal mechanosensitivity, H. pylori infection and 

central nervous system dysfunction have been related to FD20-23. 

Pathophysiology of symptom generation; visceral hypersensitivity and central 

sensitisation

In GORD there is a lack of association between symptom severity or frequency and 

the presence or absence of oesophageal mucosal inflammation or the extent of 

oesophageal mucosal injury24. The presence of heartburn and acid regurgitation in the 

absence of abnormal oesophageal acid exposure, but also a close temporal relationship 

between symptoms and acid reflux events (SAP ≥ 95%) suggests that a subgroup of 

patients is sensitive to physiological amounts of acid. Furthermore, GORD patients 

seem more sensitive to experimental oesophageal stimuli than healthy volunteers (HV)25. 

Similarly, attempts to link the suggested pathophysiological mechanisms for functional 

dyspepsia with symptoms have shown varying results, where most studies failed to find 

a convincing relationship12, 17, 26-30. More recently, visceral hypersensitivity to mechanical 

and nutrient stimuli has been recognised as important in the etiology of dyspeptic 

symptoms. Visceral hypersensitivity is characterised by a reduced pain threshold to 

experimental stimulation of the organ believed to be the source of the symptoms.

GORD patients frequently present with symptoms originating from other gastrointestinal 

regions than the oesophagus31 and, in addition, it has been shown that distal 

oesophageal acid infusion lowers pain thresholds for experimental stimuli in the 

proximal oesophagus32. These findings indicate that central sensitisation contributes 

to visceral hypersensitivity in GORD patients. Central sensitisation is an increased 
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excitability of central neurons, which may be induced by heightened extrinsic primary 

afferent activation at a peripheral site. Visceral afferents from the upper gastrointestinal 

region converge at the level of the central nervous system. Therefore, the enhanced 

perception of reflux in the oesophagus may be caused by heightened afferent activation 

in the duodenum33, 34. Central sensitisation may contribute to symptom generation in a 

similar manner in patients with FD, since the combination of gastric balloon distension 

with duodenal lipid infusion reproduces dyspeptic symptoms in these patients20, 35. 

Role of the duodenum and the chylomicron-apoAIV-CCK pathway in symptom 

generation

In both GORD and FD, perception of oesophageal and gastric stimuli is modulated 

by duodenal lipid. In GORD patients it was shown that physiological loads of lipid 

infused into the duodenum shortened the time to onset of heartburn and intensified 

the perception of heartburn induced by oesophageal acid perfusion. In patients with 

FD, perception of gastric distension appeared to be enhanced upon duodenal lipid 

infusion36, 37. The effect of duodenal lipid on the generation of dyspeptic symptoms and 

the perception of gastric distension is mediated by cholecystokinin (CCK)-1 receptors38. 

It is thought that apolipoprotein A-IV (apoA-IV), a component of chylomicrons which is 

released from enterocytes during lipid absorption stimulates adjacent endocrine cells 

to release CCK, which in turn can activate CCK-1 receptors on the peripheral terminals 

of duodenal extrinsic primary afferent nerve endings (EPANs)39. The activated EPANs in 

the duodenum convey information to the central nervous system and may as a result 

enhance the perception of stimuli induced in other parts of the gastrointestinal tract. 

This signal transduction pathway may be involved in the modulation of oesophageal and 

gastric perception by duodenal lipid in GORD and FD patients. 

Genes implicated in lipid absorption are expressed at higher levels in fasting GORD 

patients40. This suggests that in GORD patients the chylomicron-apoA-IV-CCK pathway 

generates more signals, which may induce central sensitisation and thereby heighten 

the perception of oesophageal stimuli. However, fasting mucosal concentrations of 

apoA-IV and CCK did not differ significantly between GORD patients and HV40. ApoA-IV 

synthesis is maintained and release of apoA-IV occurs under fasting conditions due to 

bile-mediated basal triglyceride transport41. However, in response to dietary triglyceride 

the chylomicron-apoA-IV-CCK pathway is stimulated, thereby possibly facilitating the 
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detection of differences in apoA-IV and CCK release between GORD patients and HV. 

Therefore, in Chapter 3 plasma and mucosal apoA-IV and CCK concentrations between 

GORD patients and HV upon duodenal lipid load were compared. Duodenal mRNA 

expression levels of genes implicated in lipid absorption and found to be differentially 

expressed between GORD patients and HV under fasting conditions were also examined. 

In addition, symptom development in response to duodenal lipid infusion was assessed. 

In patients with FD enhanced stimulation of duodenal EPANs by increased release of 

CCK may underlie small intestinal chemosensitivity to lipid. In Chapter 4 of this thesis 

we determined whether excessive release of CCK plays a role in symptom generation in 

FD by comparing mucosal CCK concentrations in the duodenum of FD patients and HV 

post-lipid infusion. In addition, differences in CCK plasma concentrations and symptom 

generation in response to duodenal lipid load were evaluated.  

PPI use; health related quality of life

Acid secretion inhibitory drugs are the mainstay of medical therapy for patients with reflux 

symptoms. The introduction of proton pump inhibitors (PPIs) has brought an enormous 

improvement in the management of GORD. Success rates are high in both erosive 

oesophagitis and non-erosive reflux disease (NERD)42. The role of acid suppression in 

FD is less clear. Treatment with acid suppression seems to produce symptom relief 

in a proportion of FD patients, but this effect has not been reported consistently in 

all studies43-46. Case-control studies have suggested that nausea and bloating, which 

are part of PDS, are predictors of poor outcome47, 48, whereas reflux symptoms (EPS) 

may predict a good therapeutic response to PPI therapy49. Health-related quality of life 

(HRQOL) has been demonstrated to be impaired in GORD and FD50, 51. In FD, this can 

often be attributed to psychological factors, since FD patients have been reported to 

experience more frequently neuroticism, anxiety and depression than HV, and this is 

unrelated to the presence of symptoms52, 53. The role of acid suppression with regard 

to the effect on HRQOL is unclear. In Chapter 5 the frequency and subjective efficacy 

of PPI use and the possible association to HRQOL in patients with GORD and FD is 

investigated.
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PPI use; sociodemographic factors

Chronic PPI use is mainly indicated for the treatment of severe GORD, whereas for other 

indications PPIs should only be used for 4-8 weeks. It has, however, been demonstrated 

that the use of PPIs in society is generally much longer54. This potentially excessive use 

of PPIs is associated with increased healthcare costs and, although long-term PPI use 

has a high margin of safety, may be associated with an increased risk of developing drug-

related complications such as pneumonia and clostridium difficile-associated disease55, 

56. Decisions related to prescribing and taking of various drugs have been shown to be 

influenced by the sociodemographic environment. Thus far, a study demonstrating a 

correlation between clinical and demographic factors and chronic PPI use in Europe has 

not been conducted. In this thesis the influence of sociodemographic factors on chronic 

PPI use was analysed (Chapter 6).

PPIs are not only used to treat GORD, their use for gastroprotection is also recommended 

to reduce the risk of upper gastrointestinal toxicity associated with use of non-steroidal 

anti-inflammatory drugs (NSAID) in high-risk patients57. Users of traditional NSAIDs 

have a 3- to 5- fold increased risk of upper gastrointestinal (GI) complications, i.e., 

perforation, peptic ulcer or bleeding (PUB), compared to non-users58-60. Although clinical 

practice guidelines recommend co-prescription of a gastroprotective agent in high-risk 

patients on NSAID therapy, inadequate co-prescription of these drugs in NSAID users 

at an increased risk of GI complications has been shown to be present despite these 

recommendations61-63. Thus far, the main focus has been directed to gastroprotection 

in chronic NSAID use, while it has been demonstrated that the risk of upper GI 

complications in short-term use of NSAIDs is similarly increased64. In Chapter 7 of this 

thesis we investigated prescription rates of gastroprotection in short-term NSAID use 

and analyzed the influence of sociodemographic factors on prescription rates of PPIs in 

high-risk patients taking NSAIDS in a large population in the Netherlands. 

PPI use; interaction with clopidogrel

Recently, concerns have been raised regarding the safety of prescribing PPIs concurrent 

with clopidogrel. Clopidogrel, a thienopyridine, inhibits platelet activation induced 

by adenosine diphosphate (ADP). The drug requires biotransformation to an active 

metabolite by cytochrome P-450 (CYP) enzymes including CYP2C1965. Several studies 

have demonstrated that concomitant use of clopidogrel with PPIs is associated with an 
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increased risk of rehospitalisation for acute coronary syndrome66, 67. This interaction is 

believed to be the result of the availability/activity of CYP2C19 in the liver, since certain 

PPIs are converted by this specific enzyme, and, as a consequence, their bioavailability 

is reduced68. The possible competitive metabolic effects of PPIs on CYP2C19 could 

inhibit the conversion of clopidogrel to its active metabolite and as a result reduce its 

effectiveness69. Surprisingly, no studies have taken into account the incidence of GI 

events and related hospitalization rates in clopidogrel users with or without PPIs within 

their cohort. The clinical implications of concurrent PPI and clopidogrel use can only be 

evaluated properly if both cardiovascular and GI outcomes are assessed. Therefore, in 

Chapter 8 we investigated the association between the co-administration of PPIs and 

clopidogrel and the occurrence of cardiovascular and GI events in a large cohort in the 

Netherlands.
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ABStRACt

The response to chemical stimuli such as acid, nutrients and capsaicin at the level of 

the duodenum is increasingly recognised as important in the etiology of dyspeptic 

symptoms. Increased duodenal acid exposure has been reported for patients 

with dyspeptic symptoms. Duodenal hypersensitivity to acid and the enhancing 

effect of duodenal acid on gastroduodenal mechanosensitivity may contribute 

to dyspeptic symptom generation as well. Serotonergic signalling pathways may 

be involved in acid-induced dyspeptic symptoms. With regard to nutrients, lipid 

has been unequivocally shown to play a role in the pathogenesis of dyspeptic 

symptoms. CCK is an important mediator of the effects of duodenal lipid on 

gastroduodenal sensorimotor activities. It is unclear whether CCK hypersecretion 

or hypersensitivity to CCK is responsible for symptoms in dyspeptic patients. The 

presence of capsaicin in the duodenum evokes symptoms and affects gastric 

sensorimotor function. In patients with dyspepsia capsaicin-induced symptoms 

appeared to occur earlier and to be more severe, however the effects of duodenal 

infusion and putative consequent gastric sensorimotor abnormalities have not been 

examined. Capsaicin activates TRPV1, which can also be activated and sensitised 

by acid. The interaction between the different chemical stimuli is complex and 

has not yet been studied in patients with dyspeptic symptoms. In conclusion, the 

mechanisms underlying an enhanced response to duodenal chemical stimulation 

in patients with dyspeptic symptoms are partially understood. At the level of 

the duodenum abnormalities may exist in stimulus intensity, mucosal mRNA 

expression, biosynthesis, release or inactivation of mucosal mediators or receptor 

expression on afferent nerve endings. Elucidation of the abnormalities involved will 

provide a basis for rational treatment of dyspeptic symptoms.
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IntRoDUCtIon

Functional dyspepsia (FD) is a highly prevalent gastrointestinal disorder, with an 

estimated prevalence of 12-15% in developed countries1. FD is defined as the presence 

of chronic or recurrent symptoms thought to originate in the gastroduodenal region, 

in the absence of organic, systemic, or metabolic disease. The symptom spectrum is 

diverse and includes upper abdominal discomfort or pain, postprandial fullness, early 

satiety, nausea, vomiting and bloating2. Although often chronic, the symptoms in FD are 

frequently intermittent, even during a period of marked symptoms.

Attempts have been made to simplify the intricate heterogeneity of the dyspepsia 

symptom complex. In 2006, dyspepsia was redefined according to the Rome III criteria 

and replaced by two new symptom entities, i.e., epigastric pain syndrome (EPS) and 

postprandial distress syndrome (PDS). EPS refers to pain or a burning sensation 

localised in the epigastrium of at least moderate severity and at least once per week, 

whereas PDS refers to unexplained regular meal-induced dyspeptic symptoms that 

occur at least several times per week3. 

Several mechanisms have been suggested to underlie dyspeptic symptoms, 

including abnormal gastric sensorimotor function such as delayed gastric emptying4  , 

hypersensitivity to gastric distension5, 6 and impaired gastric accommodation to a meal5, 

7-11, occurring in 20-60%, 30-40% and 40-70% of FD patients respectively. Furthermore, 

abnormal duodenojejunal motility12, abnormal mechanosensitivity13, H. pylori infection14 

and central nervous system dysfunction15 have been related to FD. Attempts to link 

these mechanisms with symptoms have been met with mixed results, where most 

studies failed to find a convincing relationship5 ,6, 16-20.

More recently, the response to chemical stimuli such as acid, capsaicin and nutrients 

at the level of the duodenum has been recognised as important in the etiology of 

dyspeptic symptoms. In this review, we aimed to summarise the current knowledge 

of the mechanisms by which chemical stimulation of the duodenum contributes 

to the pathogenesis of dyspeptic symptoms. A systematic search of PubMed was 

performed in order to identify articles relating to effects of duodenal chemical stimuli 

on chemosensitivity, mechanosensitivity and changes in motility control of the 

gastroduodenal region, using the MeSH headings ‘acid’, ‘carbohydrates’, ‘lipids’, 

‘capsaicin’ in combination with ‘duodenum’. Abstracts obtained from these searches 

were evaluated and also screened for relevant references. 
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Duodenal sensitivity to acid

The relationship between gastric acid and dyspeptic symptoms has been debated for 

many years. Modest symptomatic improvement following treatment with acid secretion 

inhibitors, at least in subgroups of patients, has been demonstrated, indicating a 

possible role of acid in the pathogenesis of the symptoms in FD21-25. However, gastric 

acid secretion has been found to be in the normal range in the majority of patients26-28 

and the gastric mucosa of FD patients does not seem to be abnormally sensitive to 

acid29. 

The last few years, the role of duodenal acidification in dyspeptic symptom generation 

has been receiving increasing attention. Acid perfusion of the duodenum induces 

dyspeptic symptoms, including discomfort, nausea and bloating in healthy volunteers 

(HV)30, suggesting that increased duodenal acid exposure contributes to the 

pathogenesis. This hypothesis is supported by Lee et al. who showed that duodenal 

exposure to endogenous acid is increased in a subset of FD patients with nausea as 

a main symptom31. These patients often have more severe dyspeptic symptoms, but a 

correlation between duodenal pH and nausea was not demonstrated. These results are in 

agreement with a recently published study, in which duodenal acid exposure in patients 

with FD and controls was recorded with a catheterless radiotelemetry pH monitoring 

system. FD patients were found to have significantly lower mean duodenal pH values, 

but duodenal pH did not clearly correlate with symptoms except that these patients 

were often unable to finish a meal31. Moreover, in FD, the duodenal motor response to 

acid is decreased, resulting in reduced duodenal clearance of exogenous acid32-34. This 

could provide an explanation for an increased exposure of acid to the duodenum.

Studies carried out by Schwartz et al. in our unit have demonstrated that intraduodenal 

infusion of hydrochloric acid (HCl) induces nausea in a subset of dyspeptic patients, 

but not in healthy controls35, suggesting that duodenal hypersensitivity to acid could 

well play a role in symptom generation in FD. In contrast, di Stefano et al. did find 

evidence for dyspeptic symptom induction following duodenal stimulation by acid in 

healthy controls  30. This discrepancy between these studies could well be attributable to 

experimental differences, as Schwartz et al. used bolus infusion of 5 ml 0.1 mol/L HCl 

in fasting subjects, whereas Di Stefano et al. infused 0.2 mol/L HCl at a rate of 5 ml/min 

over a 5-hour period after providing a gastric emptying test meal. The latter exposed 

subjects to a higher acid concentration for a longer period of time postprandially.
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Not only increased duodenal acid exposure and hypersensitivity to acid have 

been suggested to be associated with dyspeptic symptom generation, the effect of 

duodenal acid on duodenal and gastric mechanosensitivity has long been recognised. 

Intraduodenal acid perfusion increases the intensity of perception or individual 

symptoms severity during isobaric gastric- and duodenal distensions in HV36, 37, which 

appears to depend on the strength of the distending stimuli38. Furthermore, duodenal 

acidification also has a direct effect on gastroduodenal motility; in HV it has been shown 

that intraduodenal acid infusion induces changes in interdigestive motility, suppresses 

antral motor activity, and delays gastric emptying34, 39-41. Through these pathways, 

exaggerated duodenal acid exposure may contribute to the occurrence of delayed 

gastric emptying, antral hypomotility or impaired interdigestive motility, all of which 

are encountered in FD. Whether acid-mediated changes in gastroduodenal motility 

are directly related to dyspeptic symptom generation is still far from clear. Either an 

abnormally high duodenal acid exposure, hypersensitivity to acid of duodenal mucosa, 

enhancing effects on duodenal and gastric mechanosensitivity or the development 

of acid-mediated gastroduodenal motor abnormalities may explain, together with the 

consistent placebo effect in these patients, the positive therapeutic response to gastric 

acid inhibition in patients with FD that is repeatedly observed in clinical routine and 

has been reported in clinical studies. Further studies are required to determine the 

mechanism(s) underlying the altered response to duodenal acid and its relevance to 

symptom generation in FD. 

Potential pathways involved in acid-induced dyspeptic symptoms have not been 

conclusively verified, however, some studies have focused on the possible effect of 

serotonin (5-hydroxytryptamine: 5-HT) and 5-HT receptor-dependent pathways. 

Animal studies have shown that 5-HT is released from enterochromaffin cells in the 

duodenal mucosa upon luminal acidification42, which in turn may activate 5-HT3 

receptors, present on vagal afferents and motor stimulating pathways. However, in the 

only study which focused on the effect of ondansetron, a 5-HT3    receptor antagonist, 

on symptom generation and duodenal motor response to acid in man, no effect was 

found43. It should be noted that in this study intraduodenal bolus infusion of acid failed 

to aggravate dyspeptic symptoms, which might have precluded detection of effects 

of 5-HT3 receptor antagonism. Investigating the effects of a 5-HT3 receptor antagonist 

on duodenal sensory response to exogenous acid in FD patients without abnormally 
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increased endogenous duodenal acid exposure might reveal a role for 5-HT3 receptors 

in acid-induced dyspepsia.

Duodenal sensitivity to nutrients

Several studies have assessed the effect of intraduodenal infusion of specific nutrients 

including lipids, carbohydrates, particularly glucose, and proteins on symptom 

generation. It is well known that intraduodenal infusion of carbohydrates suppresses 

hunger, increases fullness and satiety ratings and reduces energy intake in humans 

and animals44-55, depending on the load and the infusion site56, 57. Whether the presence 

of carbohydrates in the duodenum also contributes to dyspeptic symptoms remains 

controversial. In HV, duodenal perfusion of glucose does induce dyspeptic symptoms, 

which could be attenuated by mucosal anaesthesia58. Conversely, in FD patients, 

symptoms are not induced or increased upon intraduodenal dextrose infusion35. It should 

be noted that the healthy subjects were exposed to the stimulus for a longer period of 

time. In order to be able to draw firm conclusions as to whether or not carbohydrates 

contribute to symptom generation in FD the duodenum should be exposed to glucose 

in a similar way as done in HV.

Evidence of a possible effect of carbohydrates on gastrointestinal mechanosensitivity is 

limited. To our knowledge, only a few studies have focused on this issue. Both in HV and 

in patients with FD, no significant increase in perception of gastric distension occurred 

upon duodenal carbohydrate infusion 51, 59-61.

With regard to the role of protein in dyspeptic symptom induction in HV, only a very 

limited number of studies have investigated the effect of intraduodenal perfusion. Feinle 

et al. showed that duodenal administration of a protein suspension did not induce more 

symptoms during gastric distension compared to saline62 and these results are in line 

with findings of Ladabaum et al59. The effect of duodenal protein infusion in FD patients 

has hitherto not been investigated.

In contrast to the role of duodenal carbohydrate and protein infusion on symptom 

generation in FD, the role of duodenal lipid has been investigated thoroughly and we will 

this discuss this separately.
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Duodenal sensitivity to lipid

A decrease of gastric motor activity in response to fat in the upper digestive tract was 

first reported by Ewald and Boas in 188663. Almost half a century later, Quigley et al. 

demonstrated that this effect was primarily induced by contact of fat with the mucosa 

in the proximal intestine rather than by contact within the stomach itself64. Since then, 

numerous studies, both in animals and HV, have established that the arrival of fat in 

the small intestinal lumen causes a range of physiologic changes, modulating gastric 

tone through relaxatory reflexes65, 66, thereby controlling gastric accommodation and 

emptying67, 68. In addition, fat also induces nausea and satiety; reducing feelings of 

hunger and subsequent food intake. The intensity of these sensations could, however, 

not be related to changes in gastric compliance69-71. 

Direct sensory input from the small intestine plays an important role in the induction 

of symptoms, rather than indirectly through changes in gastric motor function. This 

was demonstrated by the fact that application of the local anesthetic benzocaine to 

the small intestine reduced the severity of nausea upon duodenal lipid infusion before 

and during gastric distension in HV without altering gastric relaxation72, showing that 

perception during gastric distension could be modulated through activation of intestinal 

chemoreceptors by lipid. 

An abnormal response to duodenal lipid may also underlie symptom generation in FD. 

Hypersensitivity to oral and/or small intestinal fat has been demonstrated in a high 

proportion of patients with dyspepsia, characterised by an increased gastroduodenal 

sensitivity to meals of high energy or lipid content73, 74. Symptoms in these studies were 

also unrelated to the rate of gastric emptying and intragastric volume, which supports 

the hypothesis that the symptomatic responses are mediated by the small intestine. In 

patients with FD the combination of gastric balloon distension with duodenal lipid infusion 

reproduces dyspeptic symptoms13, 67. This response is specific for intraduodenal lipid 

infusion, since the infusion of isocaloric glucose or saline does not induce symptoms 

upon gastric distension61.

The mechanism by which intraduodenal lipid infusion induces symptoms is incompletely 

characterised. The main humoral factor released by the duodenum75, particularly 

in response to fat ingestion, is cholecystokinin (CCK), produced by I-cells. CCK is 

capable of activating vagal afferents fibers in a paracrine manner. This is supported 

by electrophysiological studies which have reported sensitivity of vagal mucosal 
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afferents to exogenous administration of CCK76-81. Evidence is growing that CCK 

plays an important role in mediating the effect of intraduodenal lipid load on dyspeptic 

symptoms, including early satiety, nausea and vomiting82-87. Furthermore, the induction 

of symptoms is abolished by CCK-1 receptor antagonists73, 88-96 It has been observed 

in healthy subjects that the increase in gastric relaxation induced by a rise in plasma 

CCK concentrations in response to duodenal lipid infusion does not elicit conscious 

sensations. In contrast, concomitant distension of the stomach, during which no further 

increase in plasma CCK level occurred, induced sensations of fullness and discomfort85. 

These findings demonstrate an interaction between duodenal chemosensitivity and 

gastric mechanosensitivity in the development of dyspeptic symptoms.

The stimulation of CCK secretion by fat is dependent on lipolysis of triglycerides to fatty 

acids97-100. Inhibition of fat digestion by a lipase inhibitor has been shown to reduce food 

intake101-103 and the intensity of dyspeptic symptoms induced by gastric distension upon 

duodenal lipid load, suggesting that digestion products of fat are mainly responsible for 

these effects101. Moreover, the release of CCK has been shown to be dependent on the 

fatty acid chain length. Over 40 years ago, Hunt et al. found a significant increase in the 

slowing of gastric emptying by fatty acids with a minimum acyl chain length of twelve 

carbons104. Since then, several studies in animals and humans have confirmed that only 

fatty acids with a chain length of ≥12 carbon atoms, so-called long-chain fatty acids, 

evoke a variety of gut responses including satiety, slowing of gastric emptying and 

modulation of antropyloroduodenal motility102, 105, 106. The various ways of transportation 

of long-and short-chain fatty acids could well explain the differences observed. As has 

been shown in rats, fatty acids with chain lengths of <11 carbon atoms are transported 

from the absorptive cell directly into the systemic circulation via the portal vein, whereas 

fatty acids with chain lengths ≥12 carbon atoms are absorbed into enterocytes where 

they are resynthesised into triglycerides, packed into chylomicrons, removed from the 

enterocyte by exocytosis, and transported via the mesenteric lymph to the systemic 

circulation107. There is growing evidence that long-chain fatty acids can have a direct 

effect on CCK endocrine cells108. Moreover, it has been shown that the formation of 

chylomicrons is essential for the release of CCK, since inhibiting its formation through 

the use of the hydrophobic surfactant Pluronic L-81 abolished an increase in circulating 

levels of CCK by luminal long-chain triglycerides109. 
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Several studies have evaluated the role of CCK in FD. The first reports by Chua et 

al. appeared in 1994, showing that Intravenous CCK-octapeptide infusion induced 

abdominal pain, bloating, fullness, nausea and occasional vomiting in a vast majority of 

patients with nonulcer dyspepsia, whereas no symptoms were induced by saline infusion. 

Oral loxiglumide, a CCK-1 receptor antagonist, taken before the CCK challenge was 

successful in abolishing the symptoms110. In addition, the same group investigated the 

role of regular loxiglumide intake, which was significantly superior to placebo in controlling 

dyspeptic symptoms111. Further evidence for a role of CCK in symptom generation in 

FD has been gained by using the CCK-1 receptor antagonist dexloxiglumide relieving 

gastrointestinal symptoms induced by duodenal lipid infusion and gastric distension73. 

The gastric relaxatory effect of fat induced CCK release appeared to be diminished in 

FD patients compared to HV, while the symptomatic response to distension was more 

pronounced in the patient group73. This finding suggests that sensitisation of gastric 

perception of mechanical stimuli, instead of changes in gastric relaxation, is responsible 

for dyspeptic symptom generation as deduced for healthy subjects85. Fasting plasma 

CCK levels and the stimulation of plasma CCK by intraduodenal lipid infusion was 

reported to be comparable in FD patients and healthy subjects, indicating the existence 

of hypersensitivity to CCK instead of possible hypersecretion of CCK73. These results 

are in contrast to those published by Pilichiewicz et al. more recently, who showed 

that fasting plasma CCK concentrations in FD patients were greater than in HV as 

was the stimulation of plasma CCK by a high-fat meal. Moreover, symptom scores for 

nausea and pain were directly related to plasma CCK concentrations112. The authors 

suggest that the discrepancy found between these results could be due to different 

patterns of prior nutrient intake. Indeed, it has been reported that plasma CCK response 

is raised following a high-fat diet113. This means that to explain the discrepancy as a 

group either the healthy subjects studied by Feinle et al. or the FD patients studied 

by Pilichiewicz et al. would had greater prior fat intake. The latter is unlikely as many 

patients report that ingestion of fatty foods induces or exacerbates their symptoms. 

Notably, in obese subjects plasma concentrations of CCK have been reported to be 

higher114. In both studies HV were of normal body weight, however the patient group 

studied by Pilichiewicz et al. contains overweight subjects which might underlie the 

observed difference in plasma CCK concentrations between healthy subjects and FD 

patients. Nonetheless, it is assumed that CCK acts in a paracrine manner, that is in 
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close proximity to its site of release via duodenal vagal afferents, to modulate gastric 

sensitivity to mechanical stimulation. Therefore, more relevant information about the 

role of abnormal CCK secretion in dyspeptic symptom generation can be obtained by 

comparing mucosal CCK concentrations in the duodenum of FD patients and HV.

Duodenal sensitivity to capsaicin

Capsaicin is the spicy ingredient of red pepper. It has long been used as pharmacological 

tool for the study of thin afferent fibres. The first observation that intraluminal capsaicin 

induces abdominal discomfort and overt pain in humans was an unexpected finding 

by Hammer et al. when investigating the effect of capsaicin on fluid and electrolyte 

absorption in the human jejunum115. Schmidt et al. demonstrated that capsaicin induces 

nociception independently of mechanoreceptors via a specific capsaicin-sensitive 

chemoreceptive pathway after capsaicin infusion in the jejunum in a dose-dependent 

fashion116. In addition, capsaicin-induced nociception appeared not to be associated 

with specific motor patterns or alterations in tonic motility. Similar results were found 

for the effect of capsaicin on the duodenum. In a recent study in HV it was shown 

that intraduodenal infusion of capsaicin evoked symptoms including pressure, cramps, 

nausea and pain. Furthermore, pre-treatment of the duodenum with capsaicin did not 

affect duodenal sensitivity for mechanical distensions, suggesting that the chemically 

induced sensations are independent of mechanosensation117. In addition, intraduodenal 

administration of capsaicin is accompanied by changes in the sensorimotor function of 

the proximal stomach, which might contribute to the genesis of dyspeptic symptoms118.

To our knowledge only two studies have focused on the effect of intraluminal capsaicin 

in patients with dyspeptic symptoms, but neither of these focused specifically on the 

chemosensitive effect in the duodenum. The time interval until the occurrence of the first 

sensation and discomfort during jejunal infusion of capsaicin was significantly shorter in 

patients with dyspepsia than in HV119. Furthermore, FD patients had significantly higher 

symptom scores for nausea, warmth and pain than controls after an oral capsaicin 

load120, however, the exact region of the GI tract where the capsules induced the 

symptoms could not clearly be determined.

Acute administration of capsaicin has an excitatory action on primary afferent neurons 

and stimulates the release of the algesic neurotransmitters substance P and calcitonin 

gene-related peptide from their peripheral endings. This action is mediated through 
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activation of the transient receptor potential ion channel of the vanilloid type I (TRPV1). 

This is a polymodal receptor which can also be activated by noxious temperature, 

acidosis121-126, ethanol127 and intracellular lipid mediators such as anandamide and 

lipoxygenase products. TRPV1-positive nerve fibres of extrinsic origin project to the 

musculature, submucosa and mucosa of the human intestine128. Prolonged or repeated 

exposure to capsaicin induces analgesia, probably by desensitisation/inactivation of 

TRPV1129, down regulation of TRPV1130 or loss of sensory neuron excitability or overt 

neurotoxicity130, 131. Prolonged application of capsaicin in dyspeptic patients indeed 

brought about a significant improvement of dyspeptic symptoms132, 133.

5-HT3 receptors potentially participate in capsaicin-sensitive visceral nociceptive 

pathways of the human gut, as granisetron, a 5-HT3 antagonist, partially reversed 

capsaicin-induced rectal hypersensitivity134. However, pretreatment with the 5-HT3 

antagonist ondansetron did not alter enhanced mechanosensitivity of the proximal 

stomach induced by intraduodenal capsaicin administration135.

Interaction between different stimuli

Hypersensitivity to different duodenal stimuli can be expected to converge in case of 

sensitisation of peripheral primary afferent nerve endings. On the other hand, altered 

peripheral expression, activation threshold of receptors or activity of pathways involved 

in mediating a specific stimulus should lead to selective hypersensitivity. A possible 

interaction between different stimuli known to effect chemo- and mechanosensitivity 

in HV has been investigated by Hammer et al. Intrajejunal 10% lipid infusion did not 

influence nausea induced by capsaicin, however, it did increase mechanosensitivity 

induced by intraluminal balloon distension136. The authors concluded that intraluminal 

lipids selectively modify intestinal mechanosensitivity but did not alter chemosensitivity, 

however, they did not take into account the possible presence of different pathways 

underlying chemosensitivity to various stimuli and activation of a different population of 

sensory neurons. As said previously, the chemosensitive effect of intraluminal lipids is 

mediated by the release of CCK acting on vagal afferents, whereas the effect of capsaicin 

is primarily mediated by the activation of TRPV1 on spinal afferents129. Furthermore, these 

findings in HV do not preclude the influence of lipid sensitivity on capsaicin sensitivity in 

patients with dyspeptic symptoms, in whom potential overexposure of CCK may have 

induced central hypersensitivity.
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Protons can sensitise TRPV1, therefore, duodenal sensitivity to capsaicin is likely to be 

enhanced by acid stimulation. However, upon evaluation of the effects of simultaneous 

duodenal acid infusion on chemosensitivity induced by capsaicin, perception was 

significantly reduced137. This may be explained by the observation that exposure of the 

duodenum to luminal acid increases the thickness of the protective mucus layer through 

activation of TRPV1-expressing primary afferents138. A thickened mucus layer may well 

impair capsaicin permeation, thus producing a barrier for the action of capsaicin on 

afferent nerve endings.

Immune cells and hypersensitivity to chemical stimuli

There is recent evidence for duodenal eosinophilia and degranulation in FD139. In 

pediatric FD duodenal esosinophilia has also been noted and symptoms improved 

after anti-eosinophil therapy140. Furthermore, a subset of dyspeptic patients has a 

history suggestive of post-infectious disease141. Focal T-cell aggregates in duodenal 

biopsies of patients with post-infectious FD have been reported, indicating persisting 

low-grade inflammation142. Increased eosinophil number and low-grade inflammation 

in the duodenum may be implicated in the development of hypersensitivity to chemical 

stimuli. Molecules released by immune cells have the ability of elevating the excitability 

of primary afferents by altering receptor expression and function143, 144. For example, 

elevated levels of CCK-1 receptor and TRPV1 mRNA in vagal sensory neurons have been 

observed in a post-infectious mouse model, accompanied by an increase in intestinal 

afferent chemosensitivity143. Alterations in the ionic determinants of neuronal firing, i.e. 

voltage-gated sodium and potassium channels, may also be involved144. Furthermore, 

exposure to immune cell mediators may modulate density of enteroendocrine cells and 

availability of released hormones145. Studies into the role of duodenal eosinophilia and 

low-grade duodenal inflammation in triggering sensitisation of visceral afferent pathways 

in the context of dyspepsia are needed. It will be crucial to determine which immune cell 

mediators are increased in duodenal tissue of FD patients.
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Figure 1: Differences in stimulus intensity (1), mRNA expression (2), biosynthesis, release or inactivation of 
mucosal mediators (3) or receptor density on afferent nerve terminals (4) may underlie the exaggerated response 
of the duodenum to chemical stimulation leading to conscious perception. Elucidation of the abnormalities 
involved provides a basis for treatment of dyspeptic symptoms.
EE cell= enteroendocrine cell
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SUMMARY

This review has summarised the current knowledge relating to the role of the response 

of the duodenum to chemical stimuli in the generation of dyspeptic symptoms. The 

data reported demonstrate an intense interaction between effects of duodenal chemical 

stimuli on chemosensitivity, mechanosensitivity and, to a lesser extent, changes in 

motility control of the gastroduodenal region. The mechanisms underlying an abnormal 

response to duodenal chemical stimulation are not entirely clear, both overexposure 

to a stimulus or mediators released and duodenal hypersensitivity itself have been 

implicated. The receptors involved, pathways activated and mediators released by 

duodenal chemical stimulation are only partially elucidated.

Dyspeptic symptoms are commonly present and often distressing and treatment options 

are sub-optimal. It can be anticipated that with advancing molecular understanding 

of the response of the duodenum to chemical stimulation new therapeutic targets for 

treatment of dyspeptic symptoms will be generated. Comparison of mRNA expression 

in duodenal biopsies of patients with dyspeptic symptoms and healthy subjects after 

exposure to a chemical stimulus may increase the understanding of the mechanisms 

underlying aberrant signalling. So far, in patients with dyspeptic symptoms mRNA 

expression differences have been evaluated only under basal fasting conditions146,147. 

Furthermore, abnormal biosynthesis, release or inactivation of mucosal mediators may 

be responsible for sensitisation of duodenal primary afferent nerve endings. Baseline 

and stimulated plasma levels of mediators released by the mucosa in response to 

intraduodenal infusion have been investigated in patients with dyspeptic symptoms73. 

Whether tissue concentrations of mucosal mediators and their metabolites are altered in 

the duodenum of patients with dyspeptic symptoms is unknown. Enhanced response to 

duodenal chemical stimulation could also be the result of altered receptor expression on 

afferent nerve endings. Changes in TRPV1 protein expression have been demonstrated 

in biopsies of patients with rectal hypersensitivity and moreover increase in expression 

correlated positively with degree of hypersensitivity148, 149. Increased presence and 

activation of immune cells may cause altered expression and function of receptors on 

primary afferents or a higher number of enteroendocrine cells and availability of their 

mediators. Therefore, it can be hypothesised that duodenal eosinophilia and low-grade 

inflammation play a role in the development of hypersensitivity to chemical stimuli. 

In conclusion, increased insight into the molecular basis of duodenal chemical stimulation 

and dyspeptic symptom generation is to be gained. This knowledge may guide the 

development of rational treatments for dyspeptic symptoms.
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ABStRACt 

Background & Aims: Duodenal lipid intensifies perception of oesophageal acid 

perfusion. Recently, we showed that genes implicated in lipid absorption, particularly 

triglyceride resynthesis and intracellular vesicular transport, are upregulated in the 

duodenum of fasting GORD patients. This suggests that chylomicron production 

and secretion may be enhanced and, consequently, release of apolipoprotein A-IV 

(apoA-IV), a chylomicron-derived signalling component. ApoA-IV may stimulate 

release of cholecystokinin (CCK), an activator of vagal afferents. This study aims to 

evaluate putative involvement of apoA-IV and CCK in modulation of oesophageal 

perception by duodenal lipid. 

Methods: Ten GORD patients and 10 healthy volunteers (HV) underwent duodenal 

perfusion with Intralipid 20%, 2 kcal/min, for 60 min. Symptoms were scored and 

blood samples collected every 15 min, and 15 min after discontinuation of the 

lipid infusion duodenal biopsies were taken by upper GI endoscopy. Plasma and 

mucosal concentrations of apoA-IV and CCK and transcript levels of 21 genes 

implicated in lipid absorption, differentially expressed under fasting conditions, 

were quantified. 

Results: Only in GORD patients, heartburn, abdominal discomfort and nausea 

significantly increased during lipid infusion (P=0.003, P=0.037, P=0.008). Mean 

mucosal apoA-IV concentration was lower in GORD patients compared with 

HV (P=0.023), whereas plasma concentration tended to be elevated (P=0.075). 

Mean mucosal CCK concentration was also lower in GORD patients (P=0.009). 

Two genes (HIBADH, JTB) were upregulated in GORD patients compared with HV 

(P=0.008, P=0.038). 

Conclusions: Our results suggest enhanced duodenal lipid-induced release of 

apoA-IV and CCK in GORD. We postulate that the resulting heightened activation 

of duodenal vagal afferents may underlie central sensitisation, thereby increasing 

the perception of reflux events.
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IntRoDUCtIon

Gastro-oesophageal reflux disease (GORD) is a common gastrointestinal disorder 

in the western world, with 15-20% of the population suffering from reflux symptoms 

on at least a weekly basis1-3. The understanding of the factors involved in symptom 

generation in patients with GORD is limited. Local oesophageal factors that determine 

symptom generation have been assessed extensively4-6. For example, it has been 

shown that perception of an acid reflux event depends on the duration and proximal 

extent of the refluxate4. Furthermore, several studies have demonstrated that 

oesophageal hypersensitivity plays an important role in the pathogenesis of reflux 

symptoms7, 8. Experimental evidence has demonstrated that central sensitisation 

contributes to oesophageal hypersensitivity9. Central sensitisation may be induced by 

heightened extrinsic primary afferent activation at a remote peripheral site10, 11. Duodenal 

acidification and fat infusion has been shown to result in an exaggerated perception 

of intraoesophageal events12, 13. Sensitisation of the spinal dorsal horn neurons shared 

by the duodenum and oesophagus resulting from duodenal injury/inflammation was 

postulated to explain the effect of duodenal acid12. However, the peripheral mechanism 

underlying the modulation of oesophageal perception by duodenal lipid is unknown.

Perception of gastric stimuli is also modulated by duodenal lipid. In patients with 

functional dyspepsia perception of gastric distension was found to be enhanced 

during duodenal lipid infusion14. The effect of duodenal lipid on dyspeptic symptoms 

during gastric distension is mediated by cholecystokinin (CCK)-1 receptors15. For the 

slowing of gastric emptying, another CCK-1-mediated effect of duodenal lipid, it has 

been demonstrated that apolipoprotein A-IV (apoA-IV) is an essential component of 

the signal transduction pathway involved16. ApoA-IV is a component of chylomicrons, 

the lipoproteins assembled during intestinal absorption of long-chain triglycerides. 

Active lipid absorption results in apoA-IV release from enterocytes17, 18. It has been 

hypothesised that, subsequently, apoA-IV acts on adjacent CCK-expressing endocrine 

cells to stimulate release of CCK, which can activate CCK -1 receptors on the peripheral 

terminals of duodenal vagal afferents19. It is conceivable that this signal transduction 

pathway may also be involved in the modulation of oesophageal perception by duodenal 

lipid in GORD patients. 
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Recently, we demonstrated that genes implicated in lipid absorption, particularly in 

triglyceride resynthesis and intracellular vesicular transport were expressed at higher 

levels in the duodenal mucosa of GORD patients20. The assembly and secretion of 

chylomicrons increases with augmented synthesis of triglycerides21. Furthermore, the 

rate-limiting step in the production and secretion of chylomicrons is the vesicular transport 

from the endoplasmatic reticulum to the Golgi22. Therefore, the identified differences in 

mRNA expression indicate that in GORD patients chylomicron production and secretion 

may be enhanced. It has been shown that apoA-IV synthesis and release are triggered 

by the production and secretion of chylomicrons, not lipid uptake or increased cellular 

triglyceride content per se23.Thus, the release of apoA-IV and consequently CCK may 

be higher in patients with GORD. However, fasting mucosal concentrations of apoA-IV 

and CCK did not differ significantly between GORD patients and healthy volunteers 

(HV) (unpublished data). ApoA-IV synthesis is maintained and release of apoA-IV occurs 

under fasting conditions due to bile-mediated basal triglyceride transport24. However, 

in response to dietary triglyceride the chylomicron-apoA-IV-CCK pathway is stimulated, 

thereby possibly facilitating the detection of differences in apoA-IV and CCK release 

between GORD patients and HV. 

In the current study, we compared plasma and mucosal apoA-IV and CCK concentrations 

between GORD patients and HV upon duodenal lipid load. Duodenal mRNA expression 

levels of genes implicated in lipid absorption and found to be differentially expressed 

between GORD patients and HV under fasting conditions were also examined. In 

addition, symptom development in response to duodenal lipid infusion was assessed.

MetHoDS

Patients

Ten patients (7 male, mean age 52 yrs., range 30-65 yrs.) were recruited consecutively 

from individuals visiting the Department of Gastroenterology and Hepatology of our 

hospital with recurrent heartburn, acid regurgitation and/or non cardiac chest pain. A 

diagnosis of GORD was established by 24-hour oesophageal pH recording. All patients 

had a total oesophageal acid exposure time between 6-12% and a Symptom Association 

Probability ≥95%25. Included patients did not have oesophagitis grade C or D or Barrett’s 
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oesophagus, peptic ulcer disease, prior oesophageal or gastrointestinal surgery (with the 

exception of appendectomy, inguinal hernia, cholecystectomy and haemorrhoidectomy), 

comorbid conditions that might interfere with oesophageal or gastric motility, including 

diabetes mellitus, systemic sclerosis and neurological disorders, clinically significant 

disorders (renal or liver dysfunction, severe cardiac disorders, pulmonary, endocrine, 

neurological, psychiatric or metabolic diseases), and known history of drug or alcohol 

abuse.

Patients discontinued any acid suppressing drugs for the duration of two weeks prior 

to endoscopy. They were permitted to take antacids to alleviate unbearable symptoms 

with the exception of the 24 hours directly preceding the endoscopy. Antacid use was 

recorded on a diary card.

Healthy volunteers

Ten healthy volunteers (6 male, mean age 51 yrs., range 38-62 yrs), free of gastrointestinal 

symptoms or a history of gastrointestinal disease, were recruited through advertisement 

in the local paper. Subjects taking medications other than oral contraceptives and/

or occasionally acetaminophen were not eligible for inclusion. Furthermore, no hiatal 

hernia or any lesions in the oesophagus, stomach and duodenum were allowed to be 

present at upper GI endoscopy. 

The study was approved by the medical ethics committee of the University Medical 

Center Utrecht and written informed consent was obtained from all participants.

Duodenal lipid infusion

All subjects underwent a 12-h overnight fast. A small-diameter 21-channel manometric 

catheter (Dentsleeve International Ltd, Ontario, Canada) was introduced through the 

nostril and positioned as described previously by Feinle et al26. Lipid (intralipid 20%, 2 

kcal/ml, 350 mosmol/kg) was administered directly into the duodenum, about 2.5 cm 

distal to the pylorus, excluding any confounding effect of differences in gastric emptying 

between individuals, and hence duodenal entry of lipid. Infusion was conducted at a rate 

of 1 ml/min. In this way the physiological gastric emptying rate was approximated27 and 

the proximal part of the small intestine, where the CCK secreting cells are located, was 

optimally exposed to lipid28. Lipid was infused for 60 minutes, since in rats the absorption 

of a physiological amount of intralipid has been demonstrated to reach steady-state 60 
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minutes after intragastric bolus administration. Accordingly, plasma apoA-IV levels were 

found to peak at 60 minutes and remained elevated up to four hours29. After terminating 

the infusion the catheter was removed.

Within 30 minutes, an upper GI endoscopy was performed and five biopsies were 

collected in the descending part of the duodenum. Biopsy specimens were snap-frozen 

in liquid nitrogen and stored at –80°C until RNA extraction for mRNA expression analysis 

or quantification of ApoA-IV or CCK.

Blood samples (10 ml) were drawn before the start and every 15 min during the duodenal 

infusion and at the time of biopsy collection, and collected in tubes containing EDTA, 

placed on ice and centrifuged within 30 min of collection (3000 rpm at 4°C for 10 min). 

The plasma was stored in 1 ml aliquots at –80°C until assayed for ApoA-IV and CCK 

concentrations.

Apolipoprotein A-IV quantification

Plasma and mucosal apoA-IV concentrations were determined using a commercial 

ELISA kit (Millipore, Billerica, USA). This assay employs affinity-purified rabbit anti-

human apoA-IV polyclonal antiserum as the capture antibody and the same antibody 

coupled to horseradish peroxidase as the detection antibody. The sensitivity of the 

assay is 0.078 μg/ml. The coefficients of variation are 3.5% at 0.11 μg/ml and 5.7% 

at 1.06 μg/ml for the intra-assay variation and 11.3% at 0.11 μg/ml and 13.2% at 1.06 

μg/ml for the inter-assay variation. In order to extract apoA-IV the biopsy specimens 

were homogenized in 600 μl of phosphate-buffered saline (PBS) (pH 7.2) containing 1% 

Triton X-100 for 20 s using an Omni µ homogenizer. The homogenate was centrifuged at 

100,000g for 60 min at 4ºC30. The supernatant was stored at –80°C until assayed. Total 

protein concentration in the supernatants was determined using the quantipro BCA 

assay kit (Sigma Aldrich, St. Louis, USA). Tissue extracts were diluted 1:2 and plasma 

samples 1:501 in assay buffer before running the assay. 

CCK quantification

Plasma and mucosal CCK concentrations were determined by a sensitive and specific 

radioimmunoassay, as described by Riepl et al.31. Plasma samples were subjected to 

an ethanol extraction procedure. Tissue samples were successively extracted at neutral 

pH and in acid, thereby adequately extracting the several molecular forms of CCK32. To 
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obtain the neutral extract biopsy specimens were boiled in 350 µl deionised water for 20 

min, then homogenized for 20 s using an Omni µ homogenizer and finally centrifuged at 

10,000 g for 30 min at 4°C. Subsequently, the pellet was resuspended in 200 μl ice-cold 

acetic acid, left at room temperature for 20 min, and centrifuged at 10,000 g for 30 min 

at 4°C thereby acquiring the acid extract. Extracts were stored at -80°C until assayed. 

Total protein concentration in the tissue extracts was determined using the quantipro 

BCA assay kit (Sigma). 

mRnA expression analysis

Frozen biopsies were disrupted and homogenized in RLT buffer with an Omni µ 

homogenizer (Omni International, Kennesaw, USA) and subsequently total RNA 

was extracted using the RNeasy kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s instructions. Traces of genomic DNA that may copurify were removed 

by on-column DNase I digestion during RNA isolation. RNA concentrations were 

determined and the purity was estimated by spectrophotometry. The integrity of RNA 

samples was checked by denaturing agarose gel electrophoresis. Only samples with 

distinct 18S and 28S rRNA bands were used for qPCR. QPCR reactions were performed 

using Taqman low-density arrays (LDAs) (Applied Biosystems, Foster City, USA). From 

preferably 500 ng of biopsy RNA, cDNA for use on the LDAs was synthesised using 

the high-capacity cDNA reverse transcription kit (Applied Biosystems) according 

to manufacturer’s instructions. 20 µl of cDNA were added to 30 µl of water and 50 

µl of Taqman Universal PCR Master Mix (Applied Biosystems) and the resulting 100 

µl reaction mixtures were loaded onto the LDAs. The LDAs contained Taqman gene 

expression assays (Applied Biosystems) for 21 genes associated with the chylomicron-

apoA-IV-CCK pathway and differentially expressed between GORD patients and HV 

under fasting conditions. The assay IDs were Hs00197410_m1 (AGPAT2), Hs00163626_

m1 (ALDOB), Hs00357578_m1 (ALPI), Hs00384501_m1 (ASAHL), Hs00376009-m1 

(COMTD1), Hs00240921_m1 (CYB5R3), Hs00166864_m1 (HEXB), Hs00381934_m1 

(HIBADH), Hs00180741_m1 (JTB), Hs00210880_m1 (LSR), Hs00827792_m1 (MPZL1), 

Hs00748915_s1 (PFN1), Hs00359986_m1 (PGLS), Hs00198499_m1 (PGRMC1), 

Hs00170356_m1 (PPAP2A), Hs00162467_m1 (SURF1), Hs00193899_m1 (MED16), 

Hs00292741_m1 (TMEM55B), Hs00427749_m1 (VAPA), Hs00270351_m1 (VIPR1), 

Hs00559914_m1 (YKT6). For normalisation purposes assays for three housekeeping 
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genes found to be expressed at similar levels in duodenum samples from GORD patients 

and HV in the previous microarray study were included. The housekeeping genes used 

were ACTB (Hs99999903_m1), HMBS (Hs00609297_m1) and GAPDH (Hs99999905_

m1). Housekeeping gene performance was characterised using the M-value method with 

the Genorm software package (medgen.ugent.be/genorm) described by Vandesompele 

et al33. Assays were run on a 7900HT real-time PCR system (Applied Biosystems) and 

universal cycling conditions, thereby simultaneously analyzing mRNA expression of 24 

genes in duplicate in 8 individuals by qPCR. Gene expression values were determined 

by calculation of the relative quantity (RQ) of target genes normalised to a calibrator 

corresponding to a pooled reference cDNA sample, synthesised using 100 ng RNA from 

five HV. RQ calculation was performed using SDS 2.2.1. software package (Applied 

Biosystems) and was based on the DDCT method.

Questionnaires

All subjects completed a questionnaire assessing reflux symptoms (heartburn, 

regurgitation, retrosternal pain and belching) in the two weeks prior to the endoscopy, 

based on the validated Nepean symptom score34 and a sociodemographic questionnaire, 

which revealed information concerning demographic data, medical history, and 

medication use.

Before, during and after lipid infusion patients and HV were asked to record their 

symptoms, including heartburn, nausea, upper abdominal discomfort, fullness and 

hunger on a Visual Analogue Scale (VAS) consisting of a horizontal line, 100 mm in 

length, with 0 representing “no symptoms at all” and 100 “most severe symptoms” at 

each end. The VAS score was determined by measuring in millimeters from the left-hand 

end of the line to the point that the patient marked.

Statistical analysis

Patient- and HV characteristics and questionnaire scores were compared using 

unpaired Student’s T-test or Chi-square test as appropriate, considering a P-value of 

<0.05 statistically significant. Relative quantities (RQs) were compared between groups 

using Student’s T-test. In comparing RQs a P-value of <0.05 was considered statistically 

significant and a P-value of <0.10 was considered a trend towards significance. 

Results of the plasma and tissue CCK and apoA-IV concentrations were tested for 
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normality with the Kolmogorov-Smirnov test. Accordingly, separate statistical analyses 

were performed in order to compare tissue CCK and apoA-IV concentrations using 

either the Student’s T-test (normal distribution) or the Mann-Whitney U-test (non-normal 

distribution). 

A repeated-measures ANOVA was conducted to detect the equality of means plasma 

CCK and apoA-IV concentrations and for VAS scores and of patients and HV at T=0, 

T=15, T=30, T=45 and T=60 minutes. Baseline apoA-IV and CCK plasma concentrations 

and at individual time points were compared using the unpaired Student’s T-test.

ReSULtS

Symptom scores

All subjects tolerated the study well, and therefore, all available data could be included 

in the analyses. Figure 1 shows the symptom scores during duodenal lipid infusion. As 

expected, at baseline, before the start of the duodenal lipid infusion, GORD patients 

had significantly higher scores for heartburn (P=0.006) and a trend towards greater 

abdominal discomfort (P=0.063). There were no significant differences in scores for 

nausea, hunger and fullness at baseline between GORD patients and HV. 

Scores for heartburn, upper abdominal discomfort and nausea were significantly higher 

in GORD patients than HV and significantly increased over the infusion period (interaction 

effect between group and time; P=0.003, 0.037 and 0.008, respectively), whereas in HV 

these symptoms remained negligible. Hunger and fullness did not differ significantly 

between GORD patients and HV during duodenal lipid infusion. 

tissue and plasma apoA-IV and CCK concentrations

Mean baseline plasma apoA-IV concentrations did not differ between patients and HV. 

In response to duodenal lipid infusion there was no significant effect between group 

and time (P=0.521), however there was a trend towards elevated apoA-IV plasma 

concentrations in GORD patients relative to HV (P=0.075). At 15 and 30 min of lipid 

infusion ApoA-IV plasma concentrations were significantly higher in patients than in 

HV (P=0.019 and 0.026 respectively). In contrast, tissue apoA-IV concentrations were 

significantly higher in HV compared with patients (P=0.023) (Figure 2).
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Figure 1: Symptom scores (+SEM) in GORD patients (○) and HV (●), * P<0.05
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Figure 2. (A) Plasma apoA-IV concentrations at baseline (T=0), during lipid infusion (T=0-60 min), and 15 min 
after cessation (T=75 min) in GORD patients (○) and HV (●).
Data are presented as means + SEM. ‡ P=0.075, * P<0.05.
(B) Duodenal mucosal apoA-IV concentrations after duodenal lipid infusion (T=75 min). 

There was a trend for baseline plasma CCK concentrations to be lower in patients 

compared with HV (P=0.062). Upon duodenal lipid load there was no significant effect 

between group and time (P=0.830), and although plasma CCK concentrations increased 

significantly over time (P=0.002), plasma CCK concentrations were similar in patients 

and HV during and after the infusion (P=0.104). Tissue CCK concentrations were 

significantly higher in HV compared to GORD patients (P=0.009) (Figure 3).

Figure 3. (A) Plasma CCK concentrations at baseline (T=0), during lipid infusion, and 15 min after cessation 
(T=75 min) in GORD patients (○) and HV (●). Data are presented as means + SEM. Results are not significantly 
different.
(B) Duodenal mucosal apoA-IV concentrations after duodenal lipid infusion (T=75 min). 
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mRnA expression

The gene expression stability measures (M) of ACTB, HMBS and GAPDH were 0.336, 

0.318 and 0.281 respectively. Although all these M-values are in the valid range, we 

selected GAPDH, the gene with the lowest M-value meaning the most stable expression, 

for normalisation. 

The mRNA expression results for the 21 genes associated with the chylomicron-apoA-IV-

CCK pathway are presented in table 1. After confirmatory qPCR of initial whole genome 

microarray results, under fasting conditions ASAHL, CYB5R3, HIBADH, JTB, LSR, PFN1, 

PGLS, TMEM55B, VAPA, YKT6 and THRAP5 were expressed at significantly higher 

levels in the duodenum of GORD patients compared with HV (results not shown). Two 

of these genes, HIBADH and JTB, were also found to be upregulated in GORD patients 

compared with HV after the duodenal lipid infusion (P=0.008 and 0.038, respectively). In 

addition, there was a trend for expression of TMEM55B and THRAP5 to be upregulated 

in GORD patients (P=0.065 and 0.066, respectively).

table 1: mRNA expression of the 21 selected genes associated with the chylomicron–apoA-IV–CCK pathway 
in GORD patients and HV. 

Gene HV GoRD

AGPAT2 1.21     (0.25) 1.16     (0.23)
ALDOB 1.39     (0.75) 1.63     (0.61)
ALPI 1.10     (0.61) 1.03     (0.31)
NAAA 1.21     (0.59) 1.39     (0.47)
COMTD1 1.26     (0.13) 1.20     (0.24)
CYB5R3 1.11     (0.20) 1.16     (0.20)
HEXB 1.27     (0.35) 1.35     (0.28)
HIBADH* 1.09     (0.21) 1.37     (0.21)
JTB* 1.21     (0.19) 1.39     (0.18)
LSR 0.99     (0.20) 1.13     (0.21)
MPZL1 1.15     (0.51) 1.40     (0.43)
PFN1 1.31     (0.28) 1.44     (0.28)
PGLS 1.36     (0.16) 1.40     (0.24)
PGRMC1 1.22     (0.19) 1.33     (0.24)
PPAP2A 1.12     (0.25) 1.24     (0.19)
SURF1 1.20     (0.29) 1.24     (0.22)
THRAP5 ‡ 1.14     (0.34) 1.38     (0.18)
TMEM55B ‡ 1.38     (0.19) 1.59     (0.27)
VAPA 1.13     (0.14) 1.25     (0.18)
VIPR1 1.27     (0.39) 1.67     (0.68)
YKT6 1.14     (0.13) 1.17     (0.13)

Values expressed as mean (SD), mRNA expression normalized against GAPDH. 
* p<0.05 and ‡ p<0.07
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DISCUSSIon

Following duodenal lipid infusion mucosal CCK and apoA-IV concentrations were 

significantly lower in GORD patients compared to HV, whereas plasma apoA-IV 

concentrations were elevated in patients. These findings support our hypothesis that 

fat in the duodenum contributes to symptom generation in GORD due to enhanced 

signalling through the chylomicron-apoA-IV-CCK pathway. The progressive increase in 

heartburn, abdominal discomfort and nausea during lipid infusion in GORD patients, 

whereas in HV these symptoms remained absent, clearly illustrates the differential 

impact of fat in the duodenum.  

Mucosal levels of apoA-IV can be increased by the synthesis of apoA-IV and reduced 

by the release of apoA-IV. Therefore, abnormalities in either synthesis or release 

of apoA-IV could potentially cause the difference in mucosal apoA-IV concentration 

between GORD and HV. We speculate that a higher release of apoA-IV accounts for 

the lower mucosal apoA-IV concentration in GORD patients. This is supported by the 

higher apoA-IV concentration in plasma of GORD patients. Several studies have shown 

by determining radioactive leucine incorporation into apoA-IV protein or measuring 

translatable mRNA levels for pre-apoA-IV that intestinal apoA-IV synthesis is stimulated 

by lipid absorption23, 29, 35. In HV higher mucosal levels of apoA-IV were detected after 

lipid infusion compared with fasting conditions, indicating that in this study apoA-IV 

synthesis also increased in response to acute duodenal triglyceride. Most probably 

apoA-IV synthesis also increased in the GORD patients. 

ApoA-IV release is linked to chylomicron production and secretion, as Pluronic-81 

prevents the increase in lymphatic apoA-IV output associated with lipid absorption23. 

Thus, enhanced chylomicron production and secretion as suggested by higher mRNA 

expression of genes implicated in lipid absorption in GORD patients, might well result in 

higher apoA-IV release. Under fasting conditions, when this pathway operates at basal 

levels, no difference in mucosal apoA-IV, i.e. release, was detected between HV and 

GORD patients. Apparently, in GORD patients the release exceeds apoA-IV synthesis 

after short-term stimulation of the chylomicron-apoA-IV–CCK pathway as performed in 

this study. It has been reported that translatable intestinal mRNA levels for pre-apoA-

IV increase by dietary triglyceride in parallel to synthesis rate, indicating that apoA-IV 

synthesis is under pretranslational control. However, increase in translational abundance 
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of pre-apoA-IV lags behind the increase in apoA-IV protein synthesis35. It is likely that 

translation of pre-apoA-IV is stimulated during the infusion period, but the transcriptional 

response is not yet elicited. Indeed in rats it has been shown that lipid infusion rapidly 

stimulates translation of preexisting apoA-IV mRNA, whereas no significant changes in 

apoA-IV mRNA levels at any time point tested up to 2 h after lipid delivery were found35. 

Thus, when release is enhanced as suspected for the GORD patients, it exceeds pre-

apoA-IV translation, resulting in mucosal apoA-IV is depletion. Notably, in our GORD 

patients mucosal apoA-IV concentration after duodenal lipid infusion is lower than under 

fasting conditions. We postulate that the lower duodenal CCK concentration observed in 

GORD patients is the result of a higher release from mucosal enteroendocrine cells due 

to enhanced stimulation by apoA-IV relative to HV. In contrast to apoA-IV, the difference 

in mucosal concentration, i.e. release, was not reflected in the plasma concentration of 

CCK. The small intestine is the sole source of plasma apoA-IV36, whereas plasma CCK 

originates from endocrine I cells in the small intestine, and from nerves in the ileum and 

colon. It is not yet known to what extent CCK released by cerebral neurons overflows 

into the plasma. Although CCK released by the endocrine I cells constitutes the largest 

portion of circulating CCK, the difference in CCK release by these cells between GORD 

and HV seems not to be detectable in plasma. These results are in line with a study by 

Trudgill et al, who also found no significant difference in plasma CCK concentrations 

between GORD patients and HV after an intragastric triglyceride meal37. Moreover, 

CCK stimulates duodenal vagal afferents in a paracrine fashion38 making differences in 

mucosal CCK concentration most relevant.

Enhanced release of CCK is expected to cause increased stimulation of duodenal vagal 

afferents, which may induce sensitisation of brainstem neurons. As visceral afferents 

from different gastrointestinal regions converge at the level of the central nervous 

system, central sensitisation may result in the amplification of both previously sub-

threshold and threshold inputs from other gut regions9, 10, 39. Hobson et al. demonstrated 

that in healthy subjects duodenal acidification led to sensitisation of spinal dorsal horn 

neurons shared by the duodenum and oesophagus, thereby inducing oesophageal 

hypersensitivity12. CCK-1 receptors are present on the peripheral endings of afferent 

vagal fibres rather than spinal afferents40. It is generally accepted that spinal afferents 

detect noxious oesophageal stimuli leading to conscious perceptions such as 

heartburn and pain41, 42. However, it is increasingly recognised that vagal sensory nerves 
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participate in the perception of pain and discomfort originating in the oesophagus43, 44 by 

mediating autonomic responses to noxious stimuli. Moreover, vagal sensory nerves with 

nociceptive properties responding to acid have been identified in the oesophagus45-47. 

Therefore, sensitisation of shared duodenal and oesophageal brainstem neurons by 

exaggerated stimulation of duodenal vagal afferents in response to lipid may underlie 

heightened perception of oesophageal stimuli. Peripheral branches of the nervus vagus 

innervating the oesophagus and the duodenum43 both terminate in the nucleus of the 

solitary tract in the brain stem providing a morphological basis for such an effect48, 49. 

Overactivation of the chylomicron-apoA-IV-CCK pathway in GORD patients is further 

supported by the observed differences in duodenal mucosal mRNA expression of 

HIBADH and JTB between GORD patients and HV. HIBADH acts on b-hydroxybutyrate, 

a hydrolysis product of triglycerides, thereby providing substrate for the synthesis of 

phospholipids. The biological function of JTB is still unknown, but its regulation by 

androgen suggests involvement in lipid metabolism50. Androgen has been shown to 

stimulate the expression of whole sets of lipogenic enzymes, covering the entire pathway 

of fatty acid and cholesterol biosynthesis51. The higher expression of HIBADH and JTB 

found in GORD patients, both connected to the production of lipoprotein components, 

is in line with enhanced chylomicron assembly. Differential expression of MED16, 

showing tendency towards significantly higher expression in GORD patients, may be 

translated into increased synthesis of apoA-IV by promoting the activity of the estrogen-

related receptor a, a transcriptional activator of the APOA4 gene52, 53. TMEM55B, which 

also showed borderline significantly higher expression in GORD, possibly plays a role 

in membrane recycling processes associated with exocytosis54. The latter suggests 

elevated secretion of chylomicrons in GORD patients. 

Under fasting conditions more genes associated with the chylomicron–apoA-IV–CCK 

pathway were found to be higher expressed in GORD patients compared with HV. 

Although not directly comparable, as mRNA expression under fasting conditions and 

following lipid infusion was measured in different subjects and using another batch of 

reagents, we evaluated the response of individual genes to lipid infusion distinguishing 

between patients and HV. This revealed that both in GORD patients and HV expression of 

many of the genes increased upon duodenal lipid load (AGPAT2, CYB5R3, LSR, MPZL1, 

PFN1, PGLS, VIPR1). Due to a higher fold induction in HV, the difference in expression 

between both groups under fasting conditions disappeared. Thus, for these genes the 
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lack of significant differences in expression between GORD patients and HV following 

lipid infusion could well be explained by both groups reaching maximum expression 

levels. Some genes appeared not to respond to duodenal lipid load (ALDOB, ALPI, 

COMTD, PGRMC1, PPAP2A, SURF1, VAPA) or actually showed a decreased expression 

after lipid infusion (ASAHL, HEXB, YKT6).   

Our study suggests that excessive release of CCK within the duodenal mucosa 

in response to fat plays a role in the pathogenesis of gastro-oesophageal reflux 

disease. Inhibition of CCK may be of therapeutic benefit, since this may reduce the 

afferent drive from the duodenum to the nodose ganglion putatively responsible for 

central sensitisation induction and maintenance. To define further the role of CCK in 

oesophageal hypersensitivity, symptomatic response to controlled acidification of the 

oesophagus while the duodenum is exposed to fat during placebo and CCK-1 receptor 

antagonist infusions should be compared in GORD patients. Effects of CCK-1 receptor 

antagonism have been studied in GORD patients. Postprandial acid reflux is thought 

to be mediated by the rise in transient lower oesophageal sphincter relaxation (TLOSR) 

frequency and fall in lower oesophageal sphincter (LOS) pressure seen after meal 

ingestion. It has been demonstrated that the CCK-1 receptor antagonist loxiglumide 

attenuates the increase in TLOSR frequency and fall in LOS pressure following a meal, 

but only modest effects were observed on postprandial acid exposure55. The latter may 

relate to the study design employed, which did not promote acid reflux. Thus, the clinical 

value of CCK-1 receptor antagonism in GORD awaits reassessment. In addition to the 

effect on the number of postprandial reflux episodes, the effect on the perception of 

heartburn should be determined.

In conclusion, the lower duodenal apoA-IV concentration and elevated plasma 

concentrations suggest a higher release of apoA-IV in GORD patients during lipid 

absorption. Accordingly, release of CCK is enhanced in GORD patients as can be 

deduced from the lower duodenal CCK concentration. The resulting heightened 

activation of vagal afferents may induce central sensitisation and thereby intensify the 

perception of gastro-oesophageal reflux events. 
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ABStRACt

Background: Dyspeptic symptoms are frequently induced or exacerbated by food 

ingestion, especially fatty foods. Cholecystokinin (CCK) receptors in the small 

intestine mediate the effects of lipid on gastrointestinal sensations. Excessive 

release of CCK and/or hypersensitivity to CCK may explain the exaggerated 

response to duodenal lipid in FD patients. Thus far, research has focused on 

plasma CCK concentrations, however, CCK released in the duodenum in response 

to lipid acts in a paracrine fashion to stimulate CCK-1 receptors on vagal afferent 

terminals in the duodenal mucosa, making mucosal concentrations the most 

relevant to measure.

Aim: To investigate whether excessive fat-induced release of CCK at the level of 

the duodenum is involved in symptom generation in FD.

Methods: Sixteen symptomatic FD patients and 10 healthy volunteers (HV) 

underwent duodenal perfusion with Intralipid 20%, 1 ml/min, for 60 min. Symptoms 

were registered, blood samples were collected every 15 min, and 15 min after 

discontinuation of the lipid infusion duodenal biopsies were taken by upper GI 

endoscopy. Plasma and mucosal CCK concentrations were determined.

Results: In FD patients abdominal discomfort and nausea significantly increased 

during lipid infusion (P=0.005 and 0.0039 respectively). Mean mucosal CCK 

concentration was significantly lower in patients compared to HV (P<0.0001) 

Plasma CCK levels were similar in patients and HV (P=0.590).

Conclusion: Our data suggest excessive release of duodenal CCK in FD patients in 

response to duodenal lipid. Our findings increases the insight into the mechanism 

by which fatty foods induce and exacerbate symptoms in FD patients. 
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IntRoDUCtIon

Functional dyspepsia (FD) is a common condition for which the mechanisms underlying 

the generation of symptoms are poorly understood. Dyspeptic symptoms are frequently 

induced or exacerbated by food ingestion, especially fatty foods1. Several studies 

indicate that in patients with FD an exaggerated response of the small intestine plays an 

important role in lipid-induced dyspeptic symptoms. Intraduodenal infusion of lipid has 

been shown to induce more symptoms in FD patients than in healthy volunteers (HV) 

and also exacerbated symptoms induced by concurrent gastric distension. Moreover, 

the severity of dyspeptic symptoms appeared to be related to the small intestinal lipid 

load2. Luminal application of the local anesthetic, benzocaine, was shown to attenuate 

the perceptions of fullness, discomfort and nausea induced by gastric distension during 

duodenal lipid infusion, implying that intestinal mucosal receptors play a role3. 

Intravenous administration of the cholecystokinin (CCK)-1 receptor antagonist 

dexloxiglumide reduced dyspeptic symptoms induced by duodenal lipid infusion4. 

Thus, the effect of duodenal lipid on the generation of dyspeptic symptoms and the 

perception of gastric distension is mediated by CCK acting on CCK1 receptors. CCK 

also relaxes the proximal stomach and delays gastric emptying5, 6. Subgroups of FD 

patients have impaired gastric accommodation and/or delayed gastric emptying and 

these abnormalities in gastric motor function are thought to indirectly induce symptoms 

encountered in FD. Thus, CCK plays an important role in symptom generation in patients 

with FD.

CCK is produced by highly specialised enteroendocrine cells, I-cells, located in the 

duodenal and jejunal mucosa of the gut7 and is released mainly by the presence of 

fat in the small intestine. Long–chain fatty acids (chain length of at least C-12) elicit 

CCK secretion, whereas medium-chain fatty acids do not8, 9. Excessive release of CCK 

and/or hypersensitivity to CCK may explain the exaggerated response to duodenal 

infusion of lipid in FD patients. Similar plasma CCK levels in FD patients and healthy 

subjects in response to duodenal lipid infusion have been reported4. Furthermore, 

intravenous infusion of CCK was shown to precipitate quite marked symptoms in the 

majority of FD patients studied, whereas none of the healthy controls reported any 

significant symptoms10. These findings suggest the existence of hypersensitivity to 

CCK in FD patients. However, endogenous CCK released in response to lipid infusion 
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acts in a paracrine fashion to stimulate CCK-1 receptors on vagal afferent terminals 

in the duodenal mucosa11, making mucosal concentrations most relevant to measure. 

Moreover, local differences in CCK release at the level of the duodenum may not be 

reflected by changes in plasma concentrations. 

In this study we aimed to determine whether excessive release of CCK plays a role 

in symptom generation in FD by comparing mucosal CCK concentrations in the 

duodenum of FD patients and HV post-lipid infusion. In addition, differences in CCK 

plasma concentrations and symptom generation in response to duodenal lipid load will 

be evaluated in FD patients and HV.

MetHoDS

Patients

Sixteen subjects fulfilling the Rome III criteria for FD were recruited from the outpatient 

clinics of the department of Gastroenterology and Hepatology of the University Medical 

Center Utrecht and the St. Antonius Hospital, Nieuwegein. The Symptoms consisted of 

recurrent bothersome postprandial fullness, early satiation and/or epigastric pain in the 

absence of organic, systemic, or metabolic disease likely to explain these symptoms. 

One or more of these symptoms were present for more than 1 day per week for a period 

of 3 months or more. Patients were asked to fill out the Nepean dyspeptic questionnaire 

in order to evaluate symptoms objectively.

Patients with oesophagitis and/or Barrett’s oesophagus seen at endoscopy, peptic 

ulcer disease, prior oesophageal or gastrointestinal (GI) surgery (with the exception of 

appendectomy, inguinal hernia, cholecystectomy and haemorrhoidectomy), comorbid 

conditions that might interfere with oesophageal or gastric motility including diabetes 

mellitus, systemic sclerosis and neurological disorders, clinically significant disorders 

(renal or liver dysfunction, severe cardiac disorders, pulmonary, endocrine, neurological, 

psychiatric or metabolic diseases) and those known with a history of drug or alcohol 

abuse were excluded. Patients discontinued any GI drugs for the duration of two weeks 

prior to endoscopy.
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Healthy volunteers

Ten HV free of GI symptoms or a history of GI disease previously recruited through 

advertisement in the local paper were studied12. Subjects taking medications other than 

oral contraceptives and/or occasionally acetaminophen (paracetamol) were excluded. 

Furthermore, no hiatal hernia or any lesions in the oesophagus, stomach and duodenum 

were allowed to be present at upper GI endoscopy. 

The study was carried out with the approval of the medical ethics committee of the 

University Medical Centre Utrecht and the St. Antonius Hospital, Nieuwegein. All 

subjects gave written informed consent prior to participation.

Duodenal lipid infusion

All subjects underwent measurements after a 12-h overnight fast. A small-diameter 

21-channel manometric catheter (Dentsleeve International Ltd, Ontario, Canada) was 

introduced through the nostril. The catheter was allowed to pass through the stomach 

and into the duodenum by peristalsis and manual assistance. When the catheter tip 

did not pass the pylorus within 1 h of intubation it was positioned under fluoroscopic 

assistance. The correct positioning of the catheter was determined and verified by 

continuously monitoring the antroduodenal transmucosal potential difference (TMPD) 

using established criteria. For this purpose the most distal antral and the most proximal 

duodenal channels were perfused with degassed 0.9% saline, at 0.15 ml/min. A 

disposable Ag/AgCl electrode, attached to the forearm, was used as a reference. An 

additional side port for duodenal infusion of the lipid emulsion was located between the 

second and third duodenal sideholes, thereby administering the lipid approximately 2.5 

cm distal to the pylorus. By administration of lipid into the duodenum any confounding 

effect of differences in gastric emptying rate and hence duodenal entry of lipid between 

individuals or patients and healthy subjects was excluded.      

Once in position the proximal end of the catheter was secured to the side of the subject’s 

face and infusion of a 20% lipid emulsion (Intralipid; 2 kcal/ml) at a rate of 1 ml/min was 

started. In this way the physiological gastric emptying rate was approximated13 and 

the proximal part of the small intestine, where the CCK secreting cells are located, was 

optimally exposed to lipid14. 

The lipid was infused for a period of 60 minutes, since in rats the absorption of a 

physiological amount of intralipid was demonstrated to reach steady-state 60 minutes 
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after intragastric bolus administration. Within a time-window of 30 minutes upper GI 

endoscopy was performed and five biopsies were collected in the descending part of 

the duodenum. Biopsy specimens were snap frozen in liquid nitrogen and stored at 

–80°C until quantification of CCK.

Blood samples were taken before the start and every 15 min during the duodenal infusion 

and at the time of biopsy collection. The blood samples of 10ml were collected in tubes 

containing EDTA, placed on ice and centrifuged within 30 min of collection (3000 rpm at 

4°C for 10 min). The plasma was stored in 1 ml aliquots at –80°C until assayed for CCK 

concentrations.

CCK quantification

Plasma and mucosal CCK concentrations were determined by a sensitive and specific 

radioimmunoassay, as described by Riepl et al.15. In short, the antibody (CH40IX) is 

raised in rabbits specifically directed to the biologically active site of CCK including 

the sulphated tyrosyl residue at position 7 from the C-terminal end and it has been 

shown to have no cross-reactivity with unsulphated CCK-8 (biologically inactive) and 

unsulphated gastrin-17/-34. The cross-reactivity to sulphated gastrin-17 is less than 

1%. CCK octapeptide labelled with 125I served as tracer. Standard curves prepared 

with sulphated CCK-8 showed a mean ID 50 of 2.7±0.22 pmol/L (mean ±SEM; n=27). 

The mean minimal detectable concentration of CCK is 0.3±0.1 pmol/L. The intra-assay 

coefficients of variation were between 5.6% (0.7 pmol/L) and 7.2% (15.1 pmol/L). The 

inter-assay coefficients of variation were 12.3% at 0.85 pmol/L and 15% at 14.8 pmol/L.

Plasma samples were subjected to an ethanol extraction procedure. Tissue samples 

were successively extracted at neutral pH and in acid, thereby adequately extracting the 

several molecular forms of CCK16. To obtain the neutral extract biopsy specimens were 

boiled in 350 µl deionised water for 20 min, then homogenised for 20 s using an Omni 

µ homogeniser and finally centrifuged at 10,000 g for 30 min at 4°C. Subsequently, the 

pellet was resuspended in 200 μl ice-cold acetic acid, left at room temperature for 20 

min and centrifuged at 10,000 g for 30 min at 4°C thereby acquiring the acid extract. 

Extracts were stored at -80°C until assayed. Total protein concentration in the tissue 

extracts was determined using the quantipro BCA assay kit (Sigma). 
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Questionnaires

All subjects completed a questionnaire assessing dyspeptic symptoms in the two weeks 

prior to the endoscopy, modeled after the validated Nepean symptom score17 and a 

sociodemographic questionnaire, which revealed information regarding demographic 

data, medical history, and medication use.

In the pre-, per-, and post lipid infusion period patients and HV were asked to score their 

symptoms, including nausea, heartburn and upper abdominal discomfort on a Visual 

Analogue Scale (VAS).

Statistical analysis

Patient- and HV characteristics and questionnaire scores were compared using Student’s 

t-test or Chi-square test as appropriate, considering a P value of <0.05 statistically 

significant. 

Results of the plasma and tissue CCK concentrations were tested for normality with the 

Kolmogorov-Smirnov test. Accordingly, separate statistical analyses were performed in 

order to compare tissue CCK and plasma CCK of patients and HV at T=0, T=15, T=30, 

T=45, T=60 and T=75 minutes using either the Student’s t-test or the Mann-Whitney 

U-test. Furthermore, a repeated measure ANOVA was conducted to detect the equality 

of means for VAS-scores and plasma CCK concentrations. 

ReSULtS

Subjects

A total of 16 FD patients and 10 HV were included, all subjects tolerated the study well, 

and therefore, all available data were included in the analyses. Age and sex did not 

differ significantly between HV (6 male, mean age 51 yrs., range 38-62 yrs.) and patients 

(5 male, mean age 46 yrs., range 18-65 yrs.). The following symptoms were reported 

as moderate, severe or very severe: upper abdominal pain (60%), early satiety (47%), 

bloating (60%), fullness (76%), nausea (27%) and vomiting (27%) (Table 1).
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table 1: Frequency of severity grading of each of six upper abdominal symptoms in patients with FD.

0-2 
(none-mild)

3-5
(moderate-very severe)

Upper abdominal pain 6       (40%) 9       (60%)
early satiety 8       (53%) 7       (47%)
Bloating 6       (40%) 9       (60%)
Fullness 5       (33%) 10     (76%)
nausea 11     (73%) 4       (27%)
Vomiting 11     (73%) 4       (27%)

Symptom scores

Figure 1 shows the symptom scores during duodenal lipid infusion. Before the start of 

the duodenal lipid infusion FD patients scored significantly higher on upper abdominal 

discomfort (p=0.016) than HV. There were no significant differences in sensations of 

nausea, heartburn, hunger and fullness at baseline between FD patients and HV. During 

lipid infusion in FD patients scores for upper abdominal discomfort and nausea were 

significantly higher compared to HV (treatment effect) and significantly increased over 

the infusion period (time effect); p=0.005 and 0.039 respectively, whereas in HV these 

symptoms remained negligible. A treatment effect was observed with regards to fullness 

(p=0.014), however this did not change significantly over time (p=0.155). Hunger and 

heartburn did not differ significantly between FD patients and HV during duodenal lipid 

infusion. 
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Figure 1: Symptom scores during duodenal lipid infusion in FD patients (○) and HV (●). Data are represented 
as mean (+SEM). * p<0.05
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tissue and plasma CCK concentrations

Mean baseline plasma CCK concentrations were not significantly different between 

patients and HV. Upon duodenal lipid load plasma CCK concentrations increased 

significantly (p=0.001), however, plasma CCK concentrations were similar in patients 

and healthy subjects during and after the infusion (p=0.590). Tissue CCK concentrations 

were significantly higher in HV compared to patients, p<0.0001 (figure 2).

Figure 2. (A): Plasma CCK concentrations (mean, SEM) at baseline (T=0), during lipid infusion, and 15 min after 
cessation (T=75 min) in FD patients (○) and HV (●). Results are not significantly different.
(B) Duodenal mucosal apoA-IV concentrations after duodenal lipid infusion (T=75 min). 

DISCUSSIon

Mucosal CCK concentrations in the duodenum were found to be significantly lower in FD 

patients when compared to HV after duodenal lipid infusion. No differences were found 

in plasma CCK levels. Furthermore, upper abdominal discomfort and nausea increased 

significantly in patients during lipid infusion in contrast to HV in whom no increase in 

symptoms was observed. These findings demonstrate that excessive release of CCK in 

response to duodenal lipid may well contribute to symptom generation in FD. 

We postulate that the lower duodenal CCK concentration observed in FD patients is 

the result of an enhanced fat-induced release from mucosal enteroendocrine I-cells 

relative to HV. The mucosal CCK concentration reflects CCK synthesised and stored in 
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the I-cells. The short-term effects of fatty acids on cellular CCK biosynthesis, storage 

and release have been studied in STC-1 cells, an enteroendocrine cell model. Oleic 

acid, a constituent of Intralipid, appeared to stimulate CCK secretion. Linoleic acid, 

a-linolenic acid and stearic acid, the other major constituents of Intralipid, did not alter 

CCK secretion18. It is conceivable that in response to a fatty acid-induced secretion 

event CCK mRNA expression is upregulated to restock depleted cellular levels of CCK. 

However, short-term incubation with oleic acid and stearic acid only slightly increased 

CCK gene transcription and during the relatively short time period we studied cellular 

CCK content was not increased18. Based on these data we assume that in our study 

mucosal CCK concentration mainly decreases due to secretion of preformed stored 

CCK, meaning that a lower concentration reflects a higher release. Comparing of fasting 

mucosal CCK concentrations in FD and HV will likely proof or invalidate the possibility 

of lower basal CCK content in FD as alternative explanation.

Our results are in line with a previous study demonstrating that fasting plasma CCK 

concentrations and post intraduodenal lipid infusion are not significantly different 

between FD patients and healthy subjects4. On the other hand, Pilichiewicz et al. 

showed that fasting plasma CCK concentrations in FD patients were higher than in HV 

as was the stimulation of plasma CCK by a high-fat meal. Moreover, symptom scores 

for nausea and pain were directly related to plasma CCK concentrations19. It should, 

however, be noted that some of the FD patients studied by Pilichiewicz et al. were 

overweight and, since it has been reported that plasma CCK concentrations in obese 

people tend to be higher20, this could underlie the observed difference in plasma CCK 

concentrations between healthy subjects and FD patients. The enhanced fat-induced 

release of CCK at the level of the duodenum was not reflected in elevated plasma CCK 

concentrations in FD patients in our study. Although CCK released by I-cells in the small 

intestine constitutes the largest portion of circulating CCK, the difference seems only to 

be detectable locally. 

Enhanced release of CCK is expected to cause exaggerated stimulation of duodenal 

vagal afferents directly leading to dyspeptic symptom generation. We hypothesise that 

the excessive release of CCK in the duodenum indirectly results in increased gastric 

sensitivity to mechanical distension due to sensitisation of brainstem neurons. CCK1 

receptor immunoreactivity has been described on gastric vagal afferents21 and gastric 

vagal afferents respond to CCK. Moreover, CCK has been shown to sensitise gastric 
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vagal afferents to subsequent gastric distension loads22, but plasma levels are likely not 

sufficiently high to activate gastric vagal afferents23. Furthermore, responses to gastric 

distension and CCK involve distinct populations of vagal afferents. CCK activates 

capsaicin-sensitive C-type vagal afferents, whereas at least some of the distension-

sensitive gastric afferents are of the capsaicin-insensitive A type24. Interaction between 

these two visceral signals occurs by synaptic convergence in the hindbrain25. In FD, 

central neurons in this region may be sensitised by the heightened vagal afferent 

activation in the duodenum due to enhanced CCK release in response to lipid. 

Consequently, previously sub-threshold and threshold mechanosensitive inputs from 

the stomach are amplified. 

The mechanism underlying the excessive release of CCK in response to lipid in FD 

patients remains to be determined. For inhibition of gastric emptying, another CCK-1-

mediated effect of duodenal lipid, it has been demonstrated that apolipoprotein A-IV 

(apoA-IV) is an essential component of the signal transduction pathway involved26. 

ApoA-IV is a component of chylomicrons, the lipoproteins assembled during intestinal 

lipid absorption. Active lipid absorption results in apoA-IV release from enterocytes27, 28. 

It has been hypothesised that, subsequently, apoA-IV acts on adjacent CCK-expressing 

endocrine cells to stimulate the release of CCK, which can activate CCK-1 receptors 

on the peripheral terminals of duodenal vagal afferents29. This signal transduction route 

may also be involved in the CCK-1-mediated generation of dyspeptic symptoms during 

gastric distension upon duodenal lipid load, i.e. postprandial symptoms. Thus, more 

insight into the underlying cause of the lower mucosal CCK concentration in FD may 

be gained by comparing mucosal apoA-IV concentrations in FD and HV upon duodenal 

lipid load.

The existence of peripheral hypersecretion of CCK does not exclude the possibility 

of hypersensitivity to CCK in patients with FD. It has been shown that intravenous 

administration of CCK provokes higher symptom scores in FD patients10. It is conceivable 

that intravenous administration, which is independent from I-cell secretion, produces 

similar CCK concentrations in the lamina propria of the duodenum of FD patients and 

healthy subjects. Furthermore, blockade of peripheral CCK-1 receptors improved but 

did not entirely abolish dyspeptic symptoms induced by gastric distension and duodenal 

lipid4 indicating an additional central effect of CCK. The involvement of CCK independent 

mechanisms may also explain this finding. Direct actions of CCK at the level of brain 
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stem vagal circuits affecting gastric reflex control have been demonstrated. Circulating 

concentrations of intestinally derived CCK may be the source, but it is also possible that 

the activation of brain stem circuits triggers the synaptic release of locally produced 

CCK30. Hypersensitivity to CCK at the level of the brainstem may be a contributing factor 

to dyspeptic symptom generation.

In conclusion, we have shown that in response to lipid mucosal CCK concentrations 

in the duodenum are lower in patients with FD. The significance of this finding is that it 

provides further insight into the mechanism by which fatty foods induce and exacerbate 

symptoms in FD patients. The underlying causes of enhanced peripheral CCK release in 

FD patients warrant further investigation.      
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ABStRACt

Background: Proton pump inhibitors (PPIs) are frequently prescribed to patients 

with gastro-oesophageal reflux disease (GORD) and, in addition, to patients 

with functional dyspepsia (FD). Thus far, the subjective efficacy of PPI use and a 

possible association between PPIs and HRQOL in GORD and FD patients has not 

been studied.

Methods: One hundred GORD patients and 100 FD patients were asked to fill out 

the SF-36 questionnaire. Subjective efficacy of medication(s), including PPIs, was 

assessed with a Visual Analogue Scale (VAS). 

Results: Response rate was 68%. In total, 90% of GORD patients and 55% of FD 

patients used PPIs, which was frequently twice the daily defined dose. FD patients 

scored significantly lower on the SF-36 mental component summary (p=0.021) and 

on the VAS for efficacy of medication (p=0.002) than GORD patients. FD patients 

using PPIs scored similar on the VAS than those not using PPIs. Moreover, no 

differences were found in HRQOL between FD patients using PPIs and those not 

using PPIs.

Conclusions: HRQOL is significantly impaired in patients with FD compared to 

GORD. Although PPI use is frequent in FD, FD patients on PPIs do not score better 

with regard to symptom relief and HRQOL than those not on PPIs. 
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IntRoDUCtIon

Upper gastrointestinal (GI) symptoms are common, as yearly approximately 20% of 

people experience upper abdominal pain, which increases to 40% when heartburn 

is also taken into account1. The most prevalent causes of upper abdominal pain or 

heartburn are gastro-oesophageal reflux disease (GORD) and functional dyspepsia (FD). 

In clinical practice, the differentiation between the manifestations of GORD and FD can 

be difficult, in particular in patients presenting with long-lasting symptoms. The current 

Rome III criteria have attempted to clarify the definition and categorisation of these 

disorders. FD is now subdivided into two categories: the postprandial distress syndrome 

(PDS), characterised by postprandial fullness and early satiation, and the epigastric pain 

syndrome (EPS), characterised by epigastric pain and burning2.

The introduction of proton pump inhibitors (PPIs) has brought an enormous improvement 

in the management of GORD. Success rates are high in both erosive oesophagitis and 

non-erosive reflux disease (NERD)3. The role of acid suppression in FD is less clear. The 

two main strategies for the initial treatment for FD include testing for H. pylori and giving 

H. pylori eradication to those positive (test and treat) and pragmatic treatment with a PPI 

(empirical therapy)4. Whether eradicating H. pylori infection is of clinical and economic 

benefit in patients with dyspeptic symptoms who have undergone a negative structural 

evaluation remains controversial5-10. Treatment with acid suppression produces symptom 

relief in a proportion of FD, but also this effect has not been reported consistently in all 

studies11-14. Case-control studies have suggested that nausea and bloating, which are 

part of PDS, are predictors of poor outcome15, 16, whereas reflux symptoms (EPS) may 

predict a good therapeutic response to PPI therapy17. 

Health-related quality of life (HRQOL) has been demonstrated to be impaired in GORD 

and FD18, 19. In FD this could not be explained by delayed gastric emptying20 or altered 

sensory function21, however this can often be attributed to psychological factors22, since 

FD patients have been reported to experience more frequently neuroticism, anxiety 

and depression than healthy volunteers (HV), and this is unrelated to the presence of 

symptoms23. 

Thus far, a study demonstrating the frequency and subjective efficacy of PPI use and the 

possible association to HRQOL in patients with GORD and FD has not been conducted. 

Therefore, in the current study, we studied this in a secondary and tertiary care setting.
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MetHoDS

Patients

One hundred consecutive GORD patients and 100 consecutive FD patients were selected 

from a secondary (35 GORD, 40 FD) and a tertiary care center (65 GORD, 60 FD) in the 

Netherlands. GORD patients were defined as individuals with recurrent heartburn, acid 

regurgitation and/or non-cardiac chest pain, with a Symptom Association Probability 

≥95%, as established by 24-hour oesophageal pH recording24. 

FD patients were selected according to the ROME III criteria defined as bothersome 

postprandial fullness after meals of ordinary size, or early satiation preventing finishing 

a regular size meal, present for at least several times a week, or intermittent pain or 

burning sensation of at least moderate severity, localised in the epigastric area, not 

relieved by defecation or flatus passage and present for at least once per week2. All 

patients had undergone upper GI endoscopy to exclude any structural damage which 

could explain the symptoms.

Questionnaires 

Visual Analogue Scale

Patients were asked to report the medication(s) initiated for their GI symptoms, including 

the dose. A Visual Analogue Scale (VAS) was used to assess the subjective efficacy of 

the currently used medication(s). In this study, a horizontal line, 100 mm in length, was 

used anchored by the descriptors “symptoms not improved” and “no symptoms at all” 

at each end. The VAS score was determined by measuring in millimeters from the left 

hand end of the line to the point that the patient marked.

SF-36

The SF-36 questionnaire is a brief self-administered questionnaire that generates 

assessment scores across eight dimensions of health: physical function, role limitations 

due to physical problems, bodily pain, general health, vitality, social function, role 

limitations due to emotional problems, mental health, and one single item dimension 

on health transition, the score which reflects the perceived change in general health in 

the past year25. The SF-36 dimensions can also be divided into two categories: Physical 

Component Summary and Mental Component Summary, which represent physical 
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functioning and well-being, and emotional well-being, respectively. The raw score of 

each of the eight SF-36 dimensions was derived by summing the item scores, and 

converted to a value for dimensions from 0 (worst possible health state measured by 

the questionnaire) to 100 (best possible health state). The PCS and MCS scores were 

calculated using the standard scoring algorithms.

Statistical analyses

Age and distribution between groups were tested using Student’s t-test and the chi-

square test, respectively. Results of the SF-36 were tested for normality with the 

Kolmogrov-Smirnov test and separate statistical analyses were performed for all nine 

subscales using Student’s t-test or the Mann-Whitney U-test, as appropriate. Scores 

were compared by a multivariate analysis of covariance (ANCOVA), adjusted for age and 

gender. SPSS 15.0 Statistical Software (Chicago, IL) was used for all statistical analyses. 

ReSULtS

PPI use

The response rate was 68%, with 73 GORD patients and 62 FD patients returning the 

questionnaires. Ninety-seven percent of patients were diagnosed with PDS. The majority 

of patients in both groups were female and average age was not significantly different 

between GORD and FD patients, 50.9 years and 50.3 years, respectively. As expected, 

PPI use in GORD patients was common, with 90% using a PPI at the time of filling out 

the questionnaire. Interestingly, more than 55% of FD patients also used a PPI and over 

half of them used more than twice the daily defined dose (Figure 1). Use of prokinetics 

and laxatives was more common in FD patients compared to GORD patients, however, 

no significant differences were found for selective serotonin re-uptake inhibitors (SSRIs) 

and fiber supplement use between the two groups (Table 1), nor was there a significant 

difference in concurrent medication use between FD patients with and without a PPI 

(Table 2).



Chapter 5

82

Figure 1: Frequency and dose intensity of PPI use by GORD and FD patients.

table 1: Baseline characteristics and quality of life scores of GORD and FD patients.

GoRD patients FD patients Unadjusted 
P-value

Adjusted for age 
and gender

total 73 62
Male 29 (40%) 18 (29%) 0.194
Mean age 50.9 (SD ±13.1) 50.3 (SD ±15.7) 0.800
PPI use 66 (90.4%) 37 (59.7%) 0.000 0.000
Prokinetic use 10 (13.7%) 20 (32.3%) 0.010 0.018
SSRI use 5 (6.9%) 11 (17.7%) 0.055 0.060
Fiber supplement use 6 (8.2%) 12 (19.4%) 0.058 0.084
Laxative use 5 (6.8%) 14 (22.6%) 0.008 0.012
Mean VAS score 53.2 (SD ±27.6) 37.1 (SD ±25.4) 0.001 0.002
Mean SF-36 score
     total 56.9 (SD ±22.9) 49.5 (SD ±21.9) 0.059 0.102
     Physical summary 50.7 (SD ±23.4) 44.2 (SD ±22.6) 0.109 0.191
     Mental summary 60.1 (SD ±22.6) 50.6 (SD ±20.5) 0.013 0.021
Mean SF-36 subscale scores
     Physical function 61.8 (SD ±28.0) 60.6 (SD ±29.3) 0.806 0.972
     Role physical 44.2 (SD ±44.2) 40.7 (SD ±45.3) 0.568 0.869
     Bodily pain 49.2 (SD ±23.6) 42.1 (SD ±22.2) 0.074 0.129
     General Health 48.6 (SD ±21.8) 38.7 (SD ±20.1) 0.008 0.014
      Vitality 50.2 (SD ±22.0) 39.6 (SD ±19.6) 0.004 0.007
     Social functioning 67.5 (SD ±27.8) 54.7 (SD ±28.7) 0.010 0.016
     Role emotional 66.2 (SD ±42.8) 60.2 (SD ±45.1) 0.417 0.516
     Mental health 68.0 (SD ±20.1) 59.6 (SD ±20.0) 0.018 0.018
     Health change 46.2 (SD ±26.2) 42.7 (SD ±21.9) 0.460 0.542
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table 2: Baseline characteristics and quality of life scores of FD patients with and without PPI use.

FD patients 
with PPI

FD patients 
without PPI

Unadjusted 
P-value

Adjusted for age 
and gender

total 37 (59.7%) 25 (40.3%)
Male 12 (32.4%) 6 (24.0%) 0.473
Mean age 50.6 (SD ±16.2) 49.7 (SD ±15.3) 0.827
Prokinetic use 13 (35.1%) 7 (28.0%) 0.555 0.456
SSRI use 7 (18.9%) 4 (16.0%) 0.768 0.814
Fiber supplement use 6 (16.2%) 6 (24%) 0.521 0.472
Laxative use 7 (18.9%) 7 (28.0%) 0.352 0.412
Mean VAS score 38.8 (SD ±24.3) 33.9 (SD ±27.7) 0.482 0.604
Mean SF-36 score
     total 47.2 (SD ±20.5) 52.9 (SD ±23.8) 0.320 0.192
     Physical summary 40.8 (SD ±20.0) 49.3 (SD ±25.5) 0.147 0.063
     Mental summary 49.4 (SD ±20.2) 52.4 (SD ±21.2) 0.574 0.452
Mean SF-36 subscale scores
     Physical function 66.2 (SD ±26.9) 67.0 (SD ±32.0) 0.157 0.064
     Role physical 36.5 (SD ±42.7) 47.0 (SD ±49.1) 0.411 0.231
     Bodily pain 38.7 (SD ±21.2) 47.0 (SD ±23.2) 0.151 0.073
     General Health 34.9 (SD ±19.0) 44.4 (SD ±20.8) 0.068 0.41
      Vitality 38.1 (SD ±18.8) 41.8 (SD ±21.1) 0.472 0.374
     Social functioning 53.9 (SD ±29.8) 55.7 (SD ±27.5) 0.809 0.602
     Role emotional 62.2 (SD ±45.3) 57.3 (SD ±45.7) 0.683 0.753
     Mental health 57.6 (SD ±21.6) 62.6 (SD ±17.4) 0.344 0.360
     Health change 39.9 (SD ±19.9) 47.0 (SD ±24.3) 0.200  0.147

VAS and HRQoL in GoRD and FD patients

The mean VAS for efficacy of medication was 53.2 (±27.6) for GORD patients and 37.1 

(±25.4) for FD patients, which was significantly different (p=0.002) after adjusting for age 

and gender. 

Mean SF-36 subscale scores are summarised in Table 1. After correcting for gender and 

age, FD patients scored significantly lower on the mental component summary than 

the GORD patients (p=0.021). Furthermore, FD patients scored significantly lower on 

the subscales mental health, general health, vitality, and social functioning than GORD 

patients (all p=<0.05). Health transition scores were similar in both groups (p=0.542). 
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VAS and HRQoL in FD patients with and without a PPI

FD patients on PPIs scored slightly higher on the VAS for medication efficacy than those 

without a PPI, 38.8 (SD 24.3) and 33.9 (SD 27.7), respectively, however this was not 

significantly different (p=0.48). This remained so after correcting for age and gender 

(p=0.60). There were also no significant differences in HRQOL between FD patients 

using PPIs and those without (Table 2). 

DISCUSSIon

The results of this study show that PPI use was common in GORD patients and, 

somewhat surprisingly, relatively common in FD patients. Furthermore, the prescribed 

dose was frequently twice the recommended defined daily dose in both GORD and FD 

patients. FD patients rated their HRQOL and the subjective efficacy of their medication(s) 

with regard to symptom relief significantly lower than GORD patients, however, no 

differences were found between FD patients who used PPIs and those who did not.

Impairment in HRQOL of FD patients has been reported previously26. El-Serag et al. 

performed a review on studies which compared HRQOL in FD patients, confirmed by 

upper endoscopy, with that of HV. They found a decrease in HRQOL in patients with 

presumably moderate to severe FD who seek medical care for their symptoms19. Studies 

comparing HRQOL between FD and other GI disorders are limited in number and, to our 

knowledge, only one study focused on this topic. In agreement with our results, Talley 

et al. demonstrated that HRQOL in FD patients was significantly reduced compared to 

patients with an organic disease, including chronic peptic ulcer and oesophagitis27. FD 

patients in our study scored particularly low on the subscales mental health, vitality, 

general health and social functioning compared to GORD patients. The observed 

decrease in HRQOL with regards to these subscales is likely to be explained by the 

known association between psychosocial factors and functional GI disorders22, 28. It has 

been demonstrated that patients with FD report higher levels of anxiety, depression and 

experience an increased number of negative life events than healthy individuals29-31. It 

should, however, be kept in mind that these observations were made in FD patients 

seeking medical advice, probably representing a subgroup experiencing symptoms as 

more severe32.
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It could be argued that the FD patients in our study experienced symptoms for a longer 

period of time than GORD patients and, as a result, rated their HRQOL significantly 

lower. However, the scores for ‘health change’ were not significantly different between 

both groups. This score reflects the perceived change in general health in the past year, 

and both groups scored close to 50, meaning no change. The chronic nature of both 

GORD and FD may well explain this finding and it can therefore be concluded that the 

registered symptoms were present in both groups for at least one year.

Our results showed no significant difference in VAS scores between FD patients using PPIs 

and those off PPIs. Evidence on the effectiveness of acid suppression on symptom relief 

in FD patients is still controversial. In the combined BOND and OPERA study a modest, 

but significant effect of omeprazole on dyspeptic symptoms compared to placebo was 

demonstrated12. However, the most pronounced effect was found in the subgroup of 

patients with reflux-like dyspepsia. Lansoprazole was also found to be effective in FD33; 

however, Wong et al. did not find a significant difference between lansoprazole and 

placebo on symptom reduction in FD patients14. The same was true for the ENTER trial, 

in which no significant difference in symptom relief between esomeprazole and placebo 

at 8 weeks of use was reported13. The differences in results between these studies can 

probably be attributed to different inclusion criteria for the studied patient population. 

A systematic review on the effectiveness of PPIs in FD concluded that patients with 

prominent reflux symptoms had the highest benefit from PPIs, whereas PPIs were not 

better than placebo in those with dysmotility symptoms34. It could, therefore be argued 

that the efficacy of acid suppressive therapy in FD is mainly seen in patients with atypical 

GORD. However, the exclusion of patients with any heartburn or regurgitation would not 

reflect the clinical reality of the multi-symptom nature of FD. Interestingly, the majority of 

the patients included in our study met the criteria for PDS (97%) and, despite the lack 

of evidence with regard to the clinical efficacy of PPIs in this subgroup, more than 55% 

were taking acid suppressive therapy on a regular basis. Similarly to the VAS scores, we 

found no significant difference with regard to HRQOL scores between the FD patients 

taking PPIs and those that were not. These results are in line with previous studies 

showing that there was no significant improvement of HRQOL in FD patients taking acid 

suppressive drugs when compared to those taking a placebo13, 14.
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There are several limitations with regard to the findings and conclusions of this study that 

deserve mentioning. The study population comprised of FD patients who were referred 

to a secondary or tertiary care medical center. The results of this study can therefore not 

be extrapolated to FD patients with mild symptoms as seen in primary care. Secondly, 

comorbid physical illness or psychological distress was not assessed in this study. 

Quantification and adjustment for these issues is indicated for future studies. Finally, the 

set-up of this study did not allow us to determine a direct relationship between HRQOL 

and PPI efficacy in FD patients. However, although this study did not analyse the effect 

of PPIs on dyspeptic symptoms and HRQOL in a randomised controlled design, our 

findings do support the notion that the beneficial effect of PPIs on HRQOL in patients 

with dyspeptic symptoms is limited, if present et al.

In conclusion, the results of this study demonstrate that HRQOL is significantly lower in 

FD patients than in GORD patients. Furthermore, despite the limited evidence for their 

efficacy, PPIs are relatively often used by FD patients with the subtype PDS. Since FD 

patients on PPIs show no significant improvement with regards to symptom relief and 

HRQOL when compared to those without a PPI, physicians, particularly in secondary 

and tertiary care, should be at least reluctant in prescribing PPIs to these patients. 
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ABStRACt

Background: Chronic proton pump inhibitor (PPI) use is common in the Western 

world. Socioeconomic status (SES) and sociodemographic factors have been 

shown to influence decisions related to prescribing of various drugs, but the 

influence of these factors on chronic PPI use has thus far not been studied. 

Methods: Data were collected from a database of a Dutch health insurance 

company. Subjects having had at least one prescription for a PPI were identified 

and followed-up for 6 months. Patients were then subdivided into chronic PPI 

users. SES was based on neighbourhood level of residence. Logistic regression 

was performed to determine sociodemographic factors associated with PPI use.

Results: A total of 2,001,787 insured individuals were included, 85,253 subjects were 

chronic users. Both low income [OR 1.55 CI 1.52-1.58] and low educational level 

[OR 1.33 CI 1.31-1.36] were associated with chronic PPI use. Other independent 

predictive variables included use of 10 or more concomitant medications [OR 5.33 

CI 4.96-5.72] and the use of prokinetic drugs [OR 10.01 CI 9.22-10.88].

Conclusions: Patients of a lower SES are more likely to use PPI on a chronic 

basis. The observed gradient in PPI use may reflect differences in health, health 

care use, or health care supply. 
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IntRoDUCtIon

Gastro-oesophageal reflux disease (GORD) is a common condition in the Western world 

with 12% of the adult population suffering from reflux symptoms at least once a week.1 

Proton pump inhibitors (PPI) are the mainstay of therapy in both the acute and long-term 

treatment of this disorder. In addition, this medication is frequently prescribed in patients 

with functional dyspepsia, for the treatment and prevention of peptic ulcer disease and 

as prophylactic medication with other drugs, making them one of the most commonly 

prescribed drugs in North America and Western Europe.2-5

Chronic PPI use is mainly indicated for the treatment of severe GORD and as 

gastroprotection with non-steroidal anti-inflammatory drugs (NSAIDs) use. For most 

other indications, PPIs should only be used for 4-8 weeks. It has, however, been 

demonstrated that the use of PPIs is generally much longer.6 This potentially excessive 

use of PPIs is associated with increased healthcare costs and, although long-term PPI 

use has a high margin of safety, may be associated with an increased risk of developing 

drug-related complications such as pneumonia7 and clostridium difficile-associated 

disease.8 It is therefore important to identify factors associated with chronic PPI use. 

In the Netherlands, decisions related to prescribing and taking of various drugs have 

been shown to be influenced by the sociodemographic environment. For example, the 

use of adjuvant chemotherapy for elderly patients with stage III colon cancer is affected 

by socioeconomic status (SES), gender and co-morbidity.9 Furthermore, patients of a 

lower SES are less likely to receive so-called triple therapy for chronic heart failure, than 

patients of a higher SES.10 A correlation between clinical and demographic characteristics 

of patients and PPI use has, to our knowledge, only been demonstrated in Canada, 

where it was reported that high-intensity PPI users were statistically more likely to be 

of a lower SES.11Thus far, a study demonstrating a correlation between clinical and 

demographic factors and chronic PPI use in Europe has not been conducted. Therefore, 

in the current study, we investigated a possible correlation between these entities in a 

large patient cohort in the Netherlands.
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MetHoDS

Source of data

In January 2006 the Dutch government enacted the Health Insurance Act, under which 

every person who legally lives or works in the Netherlands is obliged to buy individual 

health insurance of which the benefits are specified by law. Under this system, universal 

coverage is delivered entirely through private insurers. All citizens are required to purchase 

a basic package of essential health care services, along with “own-risk coverage”.12 The 

government lays out what must be included in the basic benefit package: physicians’ 

services, hospital care, medications, physiotherapy and dental treatment for children. To 

date, approximately 98.5% of eligible Dutch people have enrolled.13 

For this study, data were collected from a large anonymised computerised database of 

one of the Dutch health insurance companies covering 2.8 million Dutch inhabitants, 

which is approximately 17% of the total population. The sample is a good representation 

of the general Dutch population regarding age, gender, income and educational 

level. Data obtained included information on patient characteristics, i.e. gender and 

age, postal code and pharmaceutical prescriptions. Each reimbursed prescription 

record contained information on the dispensed product according to the Anatomical 

Therapeutic Chemical (ATC) classification14 date of dispensation, dosage and number 

of doses provided. PPIs available in the Netherlands include omeprazole, lansoprazole, 

pantoprazole, rabeprazole and esomeprazole. Information on the indication of the 

prescription was not available.

PPI use

A retrospective cohort study was conducted covering the period between January 1, 

2006 and June 30, 2007. The source population comprised all insured individuals of 18 

years of age or older on January 1, 2006. Insured individuals of unknown gender, without 

a postal code or with missing values for any of the variables analysed were excluded 

from the analysis. Furthermore, all subjects had to be insured for the complete period. 

All persons having had at least one prescription for a PPI between January 1, 2006 and 

December 31, 2006 were identified and classified as PPI users. The remaining insured 

were classified as non-PPI users. PPI users were then further categorised into chronic 

users and intermittent users. For this, the first date in 2006 on which a patient obtained 
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a prescription for a PPI was defined as the index date. PPI users were followed-up 

for a period of 180 days following this index date and adherence for this period was 

calculated. The term “adherence” is used to represent the degree of prescription-

filling in a given interval.15 PPI adherence was calculated for patients with at least 

two prescriptions, and was estimated as the Medication Possession Ratio (MPR), by 

dividing the number of days’ supply of PPIs dispensed during the follow-up period by 

the number of days from the first dispensing to the end of the follow-up period.16 Since 

the prescribed number of units per day was not available on the prescription records 

provided, the number of days’ supplied was inferred using quantity-supplied information 

in conjunction with standardised measures of daily dose as defined by the Dutch College 

of General Practitioners.17 For patients who remained on treatment at the end of the 

180-day follow-up the duration of treatment was censored at that date. Patients who 

switched from one type of PPI to another were considered as continuing on PPI therapy.

Adherent individuals were defined as those with a MPR of at least 80% over the follow-

up period and considered to be chronic users.16 Partially adherent individuals were those 

having a MPR <80% and were considered to be intermittent users. Patients receiving 

only one prescription and intermittent users were excluded from further analysis. This 

also included patients who received a prescription which did cover six months or longer 

(i.e. chronically), since chronic use could not be confirmed by the reimbursement of a 

consecutive prescription. 

Potential predictors of PPI use

To facilitate determination of predictors of chronic PPI use in the Netherlands, covariates 

in each group were examined. These included age, gender, urbanisation, single person 

household and concurrent use of medication(s).11,18 SES was measured by income, a 

useful measure of socioeconomic position, because it relates directly to the material 

conditions that may influence health. In addition, educational level has also been 

demonstrated to be an important health determinant as it is known to influence attitudes 

and knowledge towards health care.19 These two measures are usually closely related 

and therefore in this study we will mainly focus on income, however, the influence of 

educational level on chronic PPI use will also be taken into account.

The information on income, obtained through the Dutch Central Bureau of Statistics, 

was based on postal code, i.e. neighbourhood level, representing approximately 16 
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households. Postal codes were assigned to three income categories: low (1st-3rd decile), 

medium (4th-7th decile) and high (8th-10th decile), according to the average gross monthly 

income of the general Dutch population, with a minimum of 500 euros and a maximum 

10,000 euros per month.20 Educational level was also based on postal code and 

classified into three categories: low (only primary and lower secondary), medium (higher 

secondary), high (higher vocational, university) as was urbanisation: <1000 addresses/

km2, 1000-<1500 addresses/km2 and >1500 addresses/km2. Information on educational 

level was obtained through Geomarktprofiel, a large Dutch survey company.

The concurrent use of medications thought to contribute to the occurrence of upper 

gastrointestinal symptoms and complications was analysed for the 180 day follow-up 

period. These included anti-inflammatory drugs (NSAIDs), antiplatelet agents, prokinetic 

agents and selective serotonin reuptake inhibitors (SSRIs). In addition, the number 

of prescription medications during the follow-up period were totaled. Subjects were 

classified as polypharmacic users when they were on 10 or more chronic concomitant 

medications. Polypharmacy is considered to be a well-validated measure of co-

morbidity.11,21

Statistical analysis

Chi-square testing was conducted to assess significant differences in the use of PPIs for 

covariates. Multivariate logistic regression was performed to identify factors that were 

independently associated with PPI use. Adjustments were made for gender (binary), 

age (categorical), urbanisation (categorical), single person household (categorical) and 

concurrent medication use (binary), as they are known to be strongly associated with 

medication use.18,22 Furthermore, four consecutive models were designed to explore 

the relationship between SES and PPI use. A first basic model contained only the SES 

variable. In the following two steps demographic variables and the use of drugs less often 

coprescribed with PPIs were added. In the final step the odds ratios were corrected for 

the use of gastrointestinal medication(s) and polypharmacy as a proxy for co-morbidity. 

The level of statistical significance was set at 0.05 and the uncertainty of the estimates 

was assessed by 95% confidence intervals. The analysis was done in SAS version 9.1.
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ReSULtS

After applying the exclusion criteria, a total of 2,001,787 insured individuals were included. 

Of these; 236,122 (11,8%) reimbursed a PPI prescription in the period analysed, of 

whom 85,253 (36,1%) were chronic users, 74,493 (31,6%) intermittent users and 76,376 

(32,3%) people obtained only one prescription in the 6-month follow-up after the index 

date (Figure 1).

Figure 1: Categorisation of subjects into non-, intermittent-, and chronic PPI users.

The socioeconomic and clinical characteristics were compared between chronic PPI 

users and non-PPI users (Table 1). Both low income and low educational level were 

positively associated with PPI use [P<0.001] (Figure 2). PPI users were more likely to 

be female and to be of an older age [P<0.001]. Patients between the ages of 60 years 

and 74 years were most likely to use PPIs, as were patients using prokinetic drugs and 

NSAIDs [P<0.001]. Furthermore, polypharmacy was also a positive predictor for PPI use 

[P<0.001].
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table 1: Univariate analysis of variables associated with PPI use in non-PPI users versus chronic PPI users.

non-PPI users Chronic PPI users

no. of patients % no. of patients % odds Ratio (95% CI)

All patients 1 765 665 85 253
Male gender 879 308 49.8 36 609 42.9 1.00
Age
     18-29* 36 1343 20.5 1247 1.5 1.00
     30-44 526 330 29.8 7 700 9.0 4.24 (4.00-4.50)
     45-59 469 556 26.6 22 895 26.8 14.12 (13.34-14.95)
     60-74 277 747 15.7 29 401 34.5 30.66 (28.96-32.45)
     >75 130 689 7.4 24 010 28.2 53.21 (50.25-56.34)
Income
     High* 488 558 27.7 16 642 19.5 1.00
     Medium 767 321 43.4 32 204 37.8 1.23 (1.21-1.26)
     Low 509 786 28.9 36 407 42.7 2.10 (2.06-2.14)
educational Level
     High* 574 164 32.5 21 363 25.0 1.00
     Medium 582 191 33.0 26 830 31.5 1.24 (1.22-1.26)
     Low 609 310 34.5 37 060 43.5 1.64 (1.61-1.66)
Prevalence single person household
     High* 604 003 34.2 21 439 25.2 1.00
     Medium 622 510 35.3 29 675 34.8 1.34 (1.32-1.37)
     Low 539 152 30,5 34 139 40.0 1.78 (1.75-1.82)
Urbanisation (addresses/km2)
     >1500* 820 126 46.4 40 882 47.9 1.00
     1000-<1500 299 386 17.0 14 093 16.5 1.00 (0.98-1.02)
     <1000 646 153 36.6 30 338 35.6 1.06 (1.04-1.08)
Polypharmacy 1 834 0.1 2 052 2.4 23.72 (22.26-25.27)
nSAID 53 803 3.0 10 932 12.8 4.68 (4.58-4.78)
H2RA 9 740 0.6 292 0.3 0.62 (0.55-0.70)
Prokinetics 1 551 0.1 1 518 1.8 20.62 (19.20-22.14)
SSRI 41 438 2.3 5 025 5.9 2.61 (2.53-2.69)
tCA 8 320 0.5 1 739 2.0 4.40 (4.17-4.53)
Steroids 9 916 0.6 4 610 5.4 10.12 (9.77-10.49)
Antiplatelet 101 024 5.7 19 156 22.5 4.78 (4.69-4.86)
Pulmonary medication 29 754 1.7 4 297 5.0 3.10 (3.00-3.20)

* = X2 test
NSAIDs = nonsteroidal anti-inflammatory drugs; H2RA = Histamine-2-receptor antagonist; SSRI =selective 
serotonin reuptake inhibitor; TCA = tricyclic antidepressant
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Figure 2: Chronic PPI use increases in decreasing levels of SES.

Multivariable logistic regression showed that both low income [OR 1.55 CI 1.52-1.58] 

(Table 2) and low educational level [OR 1.33 CI 1.31-1.36] (results not shown) were 

associated with chronic PPI use. In addition, age independently influenced the odds 

of using a PPI [OR 34.10 CI 32.174-36.12]. The same was true for gender, with women 

being more likely to use PPIs than men [OR 1.13 CI 1.12-1.15]. Other independent 

variables predictive of PPI use included the use of 10 or more concomitant medications 

[OR 5.33 CI 4.96-5.72], the use of prokinetic drugs [OR 10.01 CI 9.22-10.88] and NSAIDs 

[OR 3.42 CI 3.34-3.50]. Urbanisation was no longer associated with chronic PPI use.
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table 2: Multivariate analysis of predictors of chronic PPI use

Covariate odds Ratio 95% Confidence Interval

Gender
     Male 1.00
     Female 1.13 1.12-1.15
Age
     18-29* 1.00
     30-44 4.24 3.99-4.50
     45-59 13.14 12.40-13.91
     60-74 24.59 23.22-26.04
     >75 34.10 32.17-36.14
Income
     High* 1.00
     Medium 1.25 1.23-1.28
     Low 1.55 1.52-1.58
Prevalence single person household
     High* 1.00
     Medium 1.07 1.05-1.09
     Low 1.16 1.13-1.18

Urbanisation (addresses/km2)
     >1500* 1.00
     1000-<1500 0.99 0.97-1.01 
     <1000 1.03 1.01-1.04
Polypharmacy 5.33 4.96-5.72
nSAID 3.42 3.34-3.50
Prokinetics 10.01 9.22-10.88
SSRI 2.21 2.14-2.28
tCA 2.37 2.24-2.52
Steroids 4.43 4.25-4.61
Antiplatelet 1.87 1.83-1.90
Pulmonary medication 1.58 1.52-1.64

NSAID = nonsteroidal anti-inflammatory drugs; H2RA = Histamine-2-receptor antagonist; SSRI = selective 
seretonin reuptake inhibitor; TCA = tricyclic antidepressant
* Reference group

PPI use and SeS

The consecutive models that explored the relationship between SES (income and 

educational level) and PPI use indicated a difference in the likelihood of PPI use among 

different SES levels, with those receiving a lower income and of a lower educational 

level being more likely to be on PPIs (Table 3, model 1). The gradient persisted for both 

SES measurements when adjusting for predisposing variables such as age, gender, 



Sociodemographic factors and PPI use 

99

household type and urbanisation level (Table 3, model 2). The difference became less 

prominent when taking into account concomitant use of non- gastrointestinal medication 

(Table 3, model 3), however, SES still remained a predictive factor of chronic PPI use, 

even after adjusting for polypharmacy and concurrent use of gastrointestinal drugs 

(Table 3, model 4). 

table 3: Prevalence (%) and (crude) odds ratios (OR) of chronic PPI use and the association with income- and 
educational level examined in logistic regression models

Model 1 
oR (95%CI)

Model 2
oR (95% CI)

Model 3 
oR (95% CI)

Model 4
(oR 95% CI)

Income
     High* 1.0 1.0 1.0 1.0
     Medium 1.23 (1.21-1.26) 1.30 (1.27-1.32) 1.27 (1.25-1.30) 1.25 (1.23-1.28)
     Low 2.10 (2.06-2.14) 1.70 (1.66-1.73) 1.61 (1.58-1.65) 1.55 (1.52-1.58)
educational Level
     High* 1.0 1.0 1.0 1.0
     Medium 1.24 (1.22-1.26) 1.22 (1.20-1.24) 1.20 (1.18-1.23) 1.19 (1.17-1.21)
     Low 1.64 (1.61-1.66) 1.40 (1.37-1.43) 1.36 (1.34-1.39) 1.33 (1.31-1.36)

Model 1: Crude OR (95% CI); 
Model 2: OR (95% CI) adjusted for age, gender, household type and urbanisation; 
Model 3: OR (95% CI) adjusted for age, gender, household type, urbanisation and concurrentuse of non-
gastrointestinal medication; 
Model 4: OR (95% CI) adjusted for age, gender, household type, urbanisation, concurrent useof non 
gastrointestinal and gastrointestinal medication and polypharmacy as a proxy for co-morbidity.
* Reference group

DISCUSSIon

The results of this study indicate that social differences in PPI use exist in the general 

Dutch population, with patients of a lower SES being more likely to use PPI on a chronic 

basis. 

The majority of PPIs in our cohort were prescribed by general practitioners (GPs). In 

the Netherlands, GPs are the “gatekeepers” of the health care system, which means 

that patients first consult a GP before being referred to a specialist.23 Since health 

insurance covers almost all inhabitants in the Netherlands, and economical reasons are 

not considered to be a barrier for patients to consult a GP, differences should not exist 

in access to health care facilities between different income groups. 
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Nonetheless, it has been shown that patients of a lower SES are more likely to visit a 

GP than patients of a higher SES18 and that patients of a lower SES are more likely to 

receive a drug prescription, independent of health status.24 These findings may also, at 

least partially, explain why patients of a lower SES in our cohort were prescribed PPIs 

more frequently.

The results of this study are in line with other studies demonstrating that the prevalence of 

prescribing medication increases with declining SES. This could be due to differences in 

health needs,22 meaning that greater needs for services are met by greater use. However, 

in our analysis after adjusting for polypharmacy, as a proxy for health status, low SES 

still remained positively associated with PPI use, indicating the possible existence of 

vertical inequity in the use of medical care (table 3, model 4). Vertical inequity occurs 

when individuals with different levels of need do not consume appropriately dissimilar 

amounts of health care.25 In other words the use of health care, in this case PPI use, is 

higher among subjects of a lower SES, even after standardisation for measurable need 

differences.

We also found that PPI use was slightly more common among women than among 

men and that it increased with age. This is in agreement with previous studies which 

showed that gender differences were present for all types of medications and that the 

age gradient persisted for the prescription of medication.22 Different characteristics 

have been suggested to explain the gender difference. Physicians may be more willing 

to prescribe drugs to women than men with the same level of health problems.26 

Furthermore Lin et al demonstrated that, although women appear to have a generally 

similar prevalence and features of symptomatic GORD as men, the experienced severity 

of symptoms in women is significantly higher than in men, which could contribute to 

differential disease recognition and, as a result, increased PPI prescription.27

Among the other factors strongly predictive of PPI use were polypharmacy, which is a 

proxy for co-morbidity. A possible explanation could be that physicians may perceive 

patients with co-morbidities to be at a higher risk of upper gastrointestinal complications 

and thus prescribe more protective medication to these patients. Secondly, patients with 

chronic illnesses have been shown to be more likely to seek medical care for functional 

gastrointestinal symptoms.28 PPIs are often prescribed for these symptoms even though 

their efficacy has been limitedly proven.29 This may also explain the strong association 

between the use of prokinetic drugs on the one hand and PPIs on the other hand. 
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The former drugs are frequently prescribed in functional gastrointestinal disorders, 

sometimes as second-line therapy in patients not responding to PPI therapy. Similar 

results have been shown by Targownik et al.11 

Concurrent use of medications that are known to contribute to the occurrence of upper 

gastrointestinal symptoms and the occurrence of complications was also predictive of 

PPI use. However, it should be noted that PPI use is only considered to be indicated as 

gastroprotective medication when NSAIDs are prescribed, either alone or in combination 

with corticosteroids, SSRIs and/or anticoagulant drugs.30 Unfortunately, we were unable 

to verify whether patients on concurrent medications were prescribed PPIs according 

to these guidelines. As expected, the use of histamine-2-receptor antagonists (H2RAs) 

was negatively associated with PPI use. H2RAs are frequently prescribed as initial 

treatment in suspected GORD and changed for PPIs when found to be ineffective. A 

simplified model depicting theoretical causal relations between the variables analysed 

and chronic PPI use is shown in figure 3. Health status is influenced by patient related 

factors, including age and gender, and by SES. A low SES has a negative effect on a 

patients’ health status, indirectly increasing the number of GP visits which may result 

in an increased number of PPI prescriptions. In addition, low SES directly increases the 

number of GP visits independent of patients’ health status, hereby also increasing the 

number of PPI prescriptions.

This study has several strengths. To our knowledge, this is the first study in Europe 

investigating the association of socioeconomic factors and PPI use. It is based on an 

administrative database covering a large proportion of the Dutch population. Since it is 

a retrospective study, the behaviour of both physicians and patients was not affected 

by the fact that they knew they were being observed. Furthermore, the use of electronic 

claims data means that we did not have to rely on self-reporting of patients, avoiding 

recall bias.
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Figure 3: Theoretical causal relationships between sociodemographic factors and chronic PPI use.

However, there is also a downside to performing an analysis exclusively with 

administrative claims data, since over-the-counter medications can not be accounted for. 

Nevertheless, in the Netherlands PPIs are exclusively available on prescription. On the 

other hand, NSAIDs and aspirin are available over-the-counter and therefore concurrent 

use of these medications may have been underestimated. Furthermore, PPI use was 

based on the quantity supplied on the reimbursed prescriptions. It can only be assumed 

that the dispensed medication is actually ingested by a particular person. Another 

limitation is the limited information on general lifestyle factors. Known risk factors of 

reflux symptoms could not be adjusted for in the analysis. It can be argued that subjects 

of a lower SES are more often exposed to risk factors, such as smoking or obesity, 31 

than subjects of a high SES and, as a result, will increasingly have symptomatic GORD 

and thus be prescribed PPIs more frequently. A positive association between low SES 

and risk of reflux symptoms, independent of these known risk factors has recently been 
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demonstrated, suggesting a possible role for other underlying mechanisms associated 

with a low SES.32 Finally, the organisational structure of health care systems differs 

greatly between countries; therefore our results should not be extrapolated to countries 

with different types of health care systems. 

In conclusion, these results contribute to the known knowledge on the association of 

PPI use with sociodemographic factors in a general population. Even in a health care 

system in which medical care is performed according to well established guidelines, 

social differences seem to exist in the prescription behaviour of PPIs. The observed 

social gradient in PPI use may reflect differences in health, health care use, or health 

care supply by physicians. The information available in this study did not allow us to 

distinguish between these different mechanisms, therefore further research is indicated.
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ABStRACt

Background & Aims: Nonsteroidal anti-inflammatory drugs (NSAID) are among the 

most frequently prescribed drugs worldwide. Although adequate gastroprotection 

is indicated in high-risk individuals for upper gastrointestinal complications, 

underutilisation of preventive strategies has been demonstrated. We investigated 

the utilisation of proton pump inhibitors in high-risk, short-term users of NSAID 

in a large population in the Netherlands and assessed the association between 

sociodemographic factors and the rates at which proton pump inhibitors are 

prescribed.

Methods: A retrospective study was conducted using data from 2.8 million 

individuals provided by a Dutch health insurance company. Short-term use was 

defined as an isolated period of NSAID use between 7 to 30 days in 2007. Logistic 

regression was performed to determine sociodemographic factors associated with 

proton pump inhibitor use.

Results: A total of 155,825 short-term users of NSAID were identified. Of these, 

52,842 subjects (33.9%) had 1 or more risk factors; 56.1% of these subjects did not 

receive proton pump inhibitors. Utilisation was associated with sociodemographic 

factors of patients (such as older age [OR 1.80, CI 1.64-1.99], female gender [OR 

1.14 ,CI 1.10-1.18], risk factors for upper gastrointestinal complications [OR 3.72, 

CI 3.45- 4.00]) and physicians (such as female gender [OR, 1.09, CI 1.03-1.14], 

practice in a deprived area [OR 0.57, CI 0.53-0.61], or an urban area [OR 0.86, CI 

0.82-0.90]).

Conclusion: Adequate gastroprotection is not provided to more than 50% of 

short-term users of NSAID who are at an increased risk for upper gastrointestinal 

complications. Utilisation is associated with sociodemographic factors of patients 

and physician
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IntRoDUCtIon

Nonsteroidal anti-inflammatory drugs (NSAIDs) are amongst the most frequently 

prescribed drugs world wide. Their analgetic, anti-inflammatory and antipyretic properties 

make them effective for the treatment of musculoskeletal conditions such as arthritis and 

arthrosis.1;2 Unfortunately, this therapeutic efficacy comes at a price; users of traditional 

NSAIDs have a 3- to 5- fold increased risk of upper gastrointestinal (GI) complications, 

i.e., perforation, peptic ulcer or  bleeding (PUB), compared to non-users.3;4 The point 

prevalence of ulcers in patients taking NSAIDs regularly is approximately 15-30%.5 It is 

believed that the inhibition of both cyclo-oxygenase (COX)-1 and COX-2 isoforms of the 

COX enzyme accounts for these side-effects.6 

In 2003 the Dutch Institute for Healthcare Improvement (CBO) published guidelines on 

the use of gastroprotective agents for the prevention of GI side effects of NSAIDs. Both 

the use of prostaglandin analogues (misoprostol) and proton pump inhibitors (PPIs) 

are recommended to reduce the risk of upper GI toxicity associated with NSAID use 

in high-risk patients. H2-receptor antagonists (H2RA) have only been proven effective 

in a double dose and are, therefore, not advised as a gastroprotective agent, since 

this could negatively affect compliance.7 These guidelines are in line with the American 

guidelines as established by the American College of Rheumatology.8 Although clinical 

practice guidelines recommend co-prescription of a gastroprotective agent in high-risk 

patients on NSAID therapy,7;9 inadequate co-prescription of these drugs in NSAID users 

at an increased risk of GI complications has been shown to be present despite these 

recommendations.10-14 

Thus far, the main focus has been directed to gastroprotection in chronic NSAID use, 

whilst it has been demonstrated that the risk of upper GI complications in short-term use 

of NSAIDs is similarly increased. Pilotto et al advised PPI co-treatment in symptomatic 

elderly patients treated with NSAIDs and/or aspirin for a short period of time.15 

In the current study, prescription rates of gastroprotection in short-term NSAID users 

were investigated in a large population in the Netherlands. PPIs are the most widely used 

agents for prophylaxis, and since misoprostol it is almost exclusively (> 99%) used in 

the fixed combination diclofenac/misoprostol (Arthrotec) in the Netherlands, we focused 

our analyses exclusively on PPI use in NSAID users.16 Furthermore, we analysed the 

influence of sociodemographic factors on prescription rates of PPIs in high-risk patients 

taking NSAIDS.
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MetHoDS

Data source

In January 2006, the Dutch government enacted the Health Insurance Act, under which 

each person who legally lives or works in the Netherlands is obliged to have individual 

health insurance, the benefits of which are specified by law. Under this system, 

universal coverage is delivered entirely through private insurers. All citizens are required 

to purchase a basic package of essential health care services, along with “own-risk 

coverage”.17 The government lays out what should be included in the basic benefit 

package, i.e., physicians’ services, hospital care, medications, physiotherapy and 

dental care for children. As to date approximately 98.5% of eligible Dutch individuals 

are enrolled18, it is therefore unlikely that sociodemographic status and having health 

insurance are interrelated.

For this study, data was collected from a large anonymised computerised database of 

one of the Dutch health insurance companies covering 2.8 million Dutch inhabitants, 

which is approximately 17% of the total population. Data included information on patient 

characteristics, postal code, pharmaceutical prescriptions and physician characteristics. 

Each reimbursed prescription record contained information on the dispensed product 

according to the Anatomical Therapeutic Chemical (ATC) classification,19 date of 

dispensation, dosage and number of doses provided. 

Study population

A retrospective study was conducted covering the period between January 1, 2007 and 

December 31, 2007 (i.e. index period). The source population comprised all patients 

≥18 years of age with at least 12 months of valid database history prior to the index 

date, defined as the date of the first NSAID prescription during the index period. Insured 

individuals of unknown gender, without a postal code or with missing values for any of 

the variables analysed were excluded from the analysis. Furthermore, all subjects had 

to be insured for the complete period. 

The study cohort was restricted to new short-term NSAID users. Therefore any patients 

with documented use of NSAIDs in the 180 days prior to the index NSAID prescription 

date were excluded from the analysis. Short-term use was defined as an isolated period 

of NSAID use between 7 to 30 days. 
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NSAIDs of interest comprised traditional NSAIDs (ATC codes M01AA through M01AX, 

with the exception of M01AH [Coxibs] and M01AB55 [Arthrotec]). Gastroprotective 

drugs of interest included all available PPIs in the Netherlands at therapeutic doses; 

omeprazole, lansoprazole, pantoprazole, rabeprazole and esomeprazole.

nSAID use

The total number of NSAID treatment days during the study period for each subject was 

calculated by totaling days of supply for all NSAID prescriptions, starting from the index 

date. Patients were excluded from analysis when total duration of medication supply 

exceeded 30 days or was less than 7 days. Since the prescribed number of units per day 

was not available on the prescription records provided, the number of days supplied was 

inferred using quantity-supplied information in conjunction with standardised measures 

of the defined daily dose. Patients were considered to be on adequate gastroprotection 

when a PPI was prescribed at the time of the index date. 

Risk factors for GI complications

Factors that have been shown to increase the risk of NSAID-related GI complications, as 

defined by evidence-based Dutch guidelines, were identified for each insured individual 

during the 1-year history period or at the index date. These included age >65 years of 

age, history of upper GI events, diabetes and/or heart failure, history of PPI and/or H2RA 

use and the concurrent use of corticoids, aspirin, selective serotonin reuptake inhibitors 

(SSRI) or anticoagulants. 7;20-26

Sociodemographic factors

To facilitate determination of predictors of adequate gastroprotection in short-term 

high-risk NSAID users in the Netherlands, all short-term users with one or more risk 

factors were analysed. Covariates in each group (adequate gastroprotection vs. non-

adequate gastroprotection) known to influence health care were examined, including 

patient related factors, i.e., age, gender, non-western immigrants, socioeconomic 

status (SES), and number of risk factors.27-29 SES was measured by income, obtained 

through the Dutch Central Bureau of Statistics (CBS), and was based on postal code, 

i.e. neighborhood level, representing approximately 16 households.30 Postal codes were 

assigned to three income categories: low (1st-3rd decile), medium (4th-7th decile) and high 
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(8th-10th decile), according to the average gross monthly income of the general Dutch 

population. 

Physician-related factors were defined as age, gender, type of physician i.e. general 

practitioner (GP), specialist or other, urbanisation which was defined as <1000 

households/km2, 1000-1500 households/km2 and >1500 households/km2 and whether 

the physician (particularly GPs) held practice in a deprived area or not. The definition of 

a deprived area was based on a combination of factors including income of inhabitants, 

urbanisation of the area, number of non-western immigrants and number of unemployed 

as defined by the Netherlands Institute of Health Services (NIVEL).31

Statistical analysis

Univariate and multivariate logistic regression analyses were performed to identify 

factors associated with PPI prescriptions. Variables used in the regression analysis were 

all known risk factors as defined by the Dutch guidelines.7

In the second analysis, possible clinical and sociodemographic predictors of PPI 

prescription in short-term high-risk NSAID users were determined by categorising high-

risk patients in two groups, i.e., those with- and those without adequate PPI prescription. 

Chi-square testing was performed to assess significant differences in adequate PPI use 

in high-risk NSAID users. Multivariate logistic regression identified risk factors that were 

independently associated with PPI prescription rates.

The level of statistical significance was set at 0.05 and the uncertainty of the estimates 

by 95% confidence intervals. All analyses were done in SAS version 9.1.

ReSULtS

PPI use in short-term nSAID users

After applying the exclusion criteria, a total of 155,825 short-term NSAID users were 

included. Of these, 32,087 (20.6%) used a PPI at the index date. Older patients (>65 

years of age), with a history of diabetes, heart failure, reflux disease, functional dyspepsia, 

perforation, peptic ulcer bleeding (PUB) or PPI and/or H2RA use were significant more 

likely to be co-prescribed with a PPI at the index date [p<0.001] (results not shown). In 

addition, taking medications which increase the risk of NSAID-related gastropathy, i.e., 
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aspirin, SSRIs and corticosteroids at the index date was also associated with adequate 

gastroprotection [all p<0.001].

Multivariable logistic regression showed that most risk factors remained independently 

predictive of concurrent PPI use (Table 1). Strong predictors were age >65 years [OR 

4.03 CI 3.90-4.16], concurrent SSRI use [OR 4.42 CI 4.11-4.76] and a history of PPI and/

or H2RA use [OR 5.71 CI 5.54-5.90]. Surprisingly, the occurrence of a PUB in the year 

prior to the index date was not associated with PPI use in short-term NSAID users [OR 

0.93 CI 0.64-1.34].

The distribution of patients by number of risk factors is shown in Figure 1. In total, 102,983 

(66.1%) patients were not known with a risk factor and, therefore, no gastroprotection 

was indicated. However, a total of 52,842 subjects were known with one or more risk 

factors. Of these, 23,217 (43.9%) received a PPI at the index date. The remaining short-

term NSAID users (56.1%), although at a higher risk of upper GI complications, did not 

receive adequate gastroprotection as indicated in the guidelines. In patients with 1 or 2 

risk factors for NSAID related gastropathy, 58.2% received no PPIs, whereas in patients 

with 3 or more risk factors, this percentage was 30.9%.  

Figure 1: Distribution of patients by number of risk factors.
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table 1: Multivariate analysis of variables independently associated with PPI use in NSAID use.

Covariate odds Ratio 95% Confidence interval

Age: >65 years 4.03 3.90-4.16
History of:
     Reflux disease 1.86 1.45-2.38
     PUB 0.93 0.64-1.34
     Functional dyspepsia 1.49 0.08-2.04
     Heart failure 0.90 0.49-1.68
     PPI/H2RA use 5.71 5.54-5.90
Concurrent use of:
      Aspirin 2.40 2.24-2.57
     Corticosteroids 2.44 2.18-2.74
      Anti-coagulants 2.17 1.92-2.46
     SSRIs 4.42 4.11-4.76

PUB= perforation, peptic ulcer, bleed; PPI= proton pump inhibitor; H2RA= Histamine 2-receptor antagonist; 
SSRI = selective serotonin reuptake inhibitor;

Factors influencing PPI use in high-risk nSAID users

Since patients or physicians with missing values were excluded from the analysis, we 

compared sociodemographic and clinical characteristics of 47,898 patients and their 

physicians between high-risk patients with- and without adequate PPI prescriptions. 

When considered separately in univariate analysis, several patient-related factors 

including female gender [OR 1.19, CI 1.15-1.24], older age [OR 2.86, CI 2.61-3.13] and 

increased number of risk factors [OR 3.87, CI 3.61-4.15] were significant predictors 

of receiving a PPI adequately (Table 2). Physician-related factors inversely associated 

with adequate PPI use in univariate analysis were practices situated in deprived areas 

[OR 0.63 CI 0.59-0.67] and the type of physician prescribing the NSAID, with GPs and 

specialists prescribing more adequately than other medics i.e. dentists [OR 0.66, CI 

0.57-0.77].
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table 2: Univariate analysis of variables associated with utilisation of PPIs in high-risk NSAID users

High-risk nSAID users 
without PPI use

High-risk nSAID users 
with PPI use

no. of patients % no. of patients % odds Ratio 
(95% CI)

All patients 29 625 23 217
Gender
     Male* 13 087 44.2 9 253 39.9 1.00
      Female 16 538 55.8 13 964 60.1 1.19 (1.15-1.24)
Age
     18-64* 14 985 50.6 10 134 43.6 1.00
     65-74 9 756 32.9 6 659 28.7 1.01 (0.97-1.05)
     75-84 4 125 13.9 4 958 21.4 1.78 (1.69-1.87)
     >85 759 2.6 1 466 6.3 2.86 (2.61-3.13)
Income
     Low* 12 379 41.8 10 229 44.1 1.00
     Medium 11 318 38.2 8 576 36.9 0.92 (0.88-0.95)
     High 5 928 20.0 4 412 19.0 0.90 (0.86-0.94)
non-western immigrants
     Low* 20 019 67.6 16 518 71.1 1.00
     Medium 3 254 11.0 2 618 11.3 0.98 (0.92-1.03)
     High 6 352 21.4 4 081 17.6 0.78 (0.75-0.81)
Sum of risks
     1* 22 783 76.9 13 137 56.6 1.00
     2 5 565 18.8 7 227 31.1 2.25 (2.16-2.35)
     ≥3 1 277 4.3 2 853 12.3 3.87 (3.61-4.15)
no. of GP consultations
     0* 2 718 9.2 1 662 7.1 1.00
     1-3 10 800 36.5 7 380 31.8 1.12 (1.04-1.20)
     4-5 6 076 20.5 4 823 20.8 1.30 (1.21-1.40)
     >5 10 031 33.8 9 352 40.3 1.52 (1.43-1.63)
Gender physician
     Male* 22 437 75.7 17 154 73.9 1.00
     Female 4 472 15.1 3 835 16.5 1.12 (1.07-1.18)
     Missing 2 716 9.2 2 228 9.6
Age physician
     <35* 733 2.5 605 2.6 1.00
     35-44 4 934 16.7 4 342 18.7 1.07 (0.95-1.20)
     45-54 12 439 42.9 9 645 41.6 0.94 (0.84-1.05)
     ≥55 9 051 30.6 6 502 28.0 0.87 (0.78-0.97)
     Missing 2 468 8.3 2 123 9.1
type of physician
     GP* 26 347 88.9 20 665 89.0 1.00
     Specialist 1 548 5.2 1 240 5.3 1.02 (0.95-1.10)
     other 491 1.7 254 1.1 0.66 (0.57-0.77)
     Missing 1 239 4.2 1 058 4.6
Urbanisation 
(addresses/km2)

     <1000* 8 116 27.4 6 068 26.1 1.00         
     1000-<1500 4 665 15.7 3 591 15.5 0.96 (0.91-1.00)
     >1500 16 844 56.9 13 558 58.4 0.93 (0.89-0.97)          
Deprived area
     no* 27 053 91.3 21 906            94.3 1.00
     Yes 2 572 8.7 1311 5.7 0.63 (0.59-0.67)

*= Reference group
GP= General practitioner
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The sum of risk factors was the most predictive factor of adequate gastroprotection in 

high-risk short-term NSAID users in multivariate analysis [OR 3.72, CI 3.45-4.00] (Table 

3). The same was true for gender, with women being more likely than men to receive a 

PPI concurrent with a NSAID [OR 1.14, CI 1.10-1.18] and female physicians being more 

likely to prescribe a PPI adequately than their male colleagues [OR 1.09, CI 1.03-1.14] 

(Table 4). Age of the patient influenced the odds of adequate PPI prescription in high-

risk patients, with older patients being more likely to receive a PPI than younger patients 

[OR 1.80, CI 1.64-1.99] (Table 3), whereas age of the physician did not affect odds in 

high-risk patients [OR 0.91, CI 0.81-1.03] (Table 4). Furthermore, patients visiting their 

physician more frequently were also more likely to have a PPI adequately prescribed 

[OR 1.13, CI 1.06-1.22]. 

SES of the patient did not influence the odds of receiving a PPI [OR 0.98, CI 0.94-

1.04] (Table 3), however, the neighbourhood of the practice of the physician did, with 

physicians practicing in a deprived area being less likely to prescribe a PPI to high-

risk patients [OR 0.57, CI 0.53-0.61] than physicians in an undeprived area, as were 

physicians with a practice in an urbanised area (i.e. >1500 households /km2 ) [OR 0.86, 

CI 0.82-0.90]. Furthermore, PPIs were prescribed less adequately in regions with a high 

percentage of non-western immigrants [OR 0.82, CI 0.78-0.86]. (Table 4)
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table 3: Multivariate analysis of patient related variables independently associated with utilisation of PPIs in 
high-risk NSAID users.

Covariate odds Ratio 95% Confidence interval 

Gender patient
     Male 1.00
     Female 1.14 1.10-1.18
Age patient
     18-64* 1.00
     65-74 0.75 0.72-0.78 
     75-84 1.18 1.12-1.24
     >85 1.80 1.64-1.99
Income
     Low* 1.00
     Medium 0.98 0.95-1.02
     High 0.98 0.94-1.04
Sum of risks
     1* 1.00
     2 2.21 2.11-2.31
     ≥3 3.72 3.45-4.00
no. of GP consultations
     0* 1.00
     1-3 1.03 0.96-1.10
     4-5 1.10 1.02-1.19
     >5 1.13 1.06-1.22
non-western immigrants
     Low* 1.00
     Medium 1.02 0.97-1.08
     High 0.82 0.78-0.86

*= Reference group
GP= General practitioner
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table 4: Multivariate analysis of physician related variables independently associated with utilisation of PPIs in 
high-risk NSAID users.

Covariate odds Ratio 95% Confidence interval 

Gender
     Male 1.00
     Female 11.09 1.03-1.14
Age
     <34* 1.00
     35-44 1.09 0.97-1.22
     45-54 0.98 0.87-1.09
     ≥ 55 0.91 0.81-1.03
type of physician
       GP* 1.00
      Specialist 1.09 1.03-1.14
     other 0.30 0.21-0.44
Urbanisation (addresses/km2)
     <1000* 1.00
     1000-<1500 0.90 0.86-0.95
     >1500 0.86 0.82-0.90
Deprived area
     no 1.00
     Yes 0.57 0.53-0.61 

DISCUSSIon

The results of this study show that individuals at a higher risk of NSAID-associated 

upper GI complications have higher odds of receiving a preventive strategy, indicating 

that physicians consider risk factors, at least to some extent, when prescribing NSAIDs, 

even for a relatively short period. Nevertheless, more than 50% of short-term NSAID 

users with at least one risk factor did not receive a PPI concurrent to NSAID use. 

This is not according to the generally accepted guidelines recommending adequate 

gastroprotection in these patients.7;9 This underutilisation seems to be associated with 

sociodemographic factors of both patients and physicians. 

Our results are in line with previous studies demonstrating underutilisation of adequate 

gastroprotection in high-risk patients, varying between 73% and 90% in the USA, 76% 

in Italy, 87% in the Netherlands and 76% in the UK.32 These studies mainly focussed 

on chronic NSAID use and made no distinction between chronic- and short-term users, 

despite the fact that it has been demonstrated that the risk of upper GI complications in 
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short-term users of NSAIDs is increased in a similar manner as in chronic users.15 

To our knowledge, this is the first study evaluating the influence of patient- and 

physician- related factors on PPI utilisation in high-risk short-term NSAID users. The 

majority of PPIs in our cohort were prescribed by GPs. In the Netherlands, GPs function 

as the “gatekeepers” of the health care system, meaning that patients first consult a GP 

before being referred to a medical specialist.33 Since health insurance covers almost 

all inhabitants in the Netherlands, and economic reasons are not considered to be a 

barrier for patients to consult a GP, differences should not exist in access to health care 

facilities between different income groups. 

The results of this study indicate that patients’ SES indeed did not influence the 

prescription of PPIs to high-risk short-term NSAID users, however, physicians, 

particularly GPs, working in deprived and urban areas were significantly less likely to 

prescribe gastroprotective measures to high-risk patients. It has been reported that 

GPs in deprived and urban areas experience a higher workload with increased number 

of consultations,34 possibly affecting the quality of care. Furthermore, PPIs were less 

frequently prescribed to non-western immigrants. It has been demonstrated that 

consultations with non-western immigrants in GP practice are shorter than those with 

native Dutch patients and that the latter are more assertive towards GPs.35 As a result, it 

seems likely that insufficient time was taken to provide optimal advice and care, at least 

when short-term NSAIDs are prescribed to high-risk patients. 

It can be argued that inadequate implementation of the guidelines could also be due to 

a lack of knowledge of the physician. Although the guidelines are thorough and easily 

accessible to all physicians one can only assume that all physicians are acquainted with 

them.  Unfortunately ‘knowledge’ is a difficult variable to measure and the database did 

not provide us with the evidence to distinguish between ‘good’ and ‘bad’ physicians 

based on their knowledge.  

Gender of the physician was also associated with prescription rates of PPIs. Female 

physicians were more likely to adequately prescribe a PPI in high-risk patients. It has 

previously been demonstrated that medicine is not gender-neutral; the communication 

style of female physicians is more patient-oriented than that of male physicians. 

Furthermore, female physicians have been shown to provide an overall better quality of 

care, especially in prognostically important decisions on risk management.29;36
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We also found that adequate PPI use was slightly more common among women than 

among men. This is in agreement with previous studies, which showed that gender 

differences were present for the use of all types of medications. One reason to explain 

this gender difference is that physicians may be more willing to prescribe drugs to 

women than men with the same level of health problems.37

A strong predictive risk factor for PPI prescriptions in high-risk short-term NSAID users 

was the sum of risk factors and age of the patient. As expected, both patients with 

a high number of risk factors and a higher age had higher odds of receiving a PPI, 

however, patients between 65-75 years of age were less likely to receive a PPI than 

patients younger than 65 years. It could well be that physicians did not recognise age 

>65 years as a risk factor for GI-related adverse effects of NSAIDs. Surprisingly, a PUB 

in the year prior to the NSAID use was also not recognised as a risk factor in our cohort, 

although the evidence for increased risk of bleeding in patients with previous PUB is 

unequivocal.38;39 The reason for this is unclear, however, extra attention by physicians to 

this risk factor should therefore certainly be given.

This study has several strengths. To our knowledge, this is the first European study 

investigating the association of sociodemographic factors and PPI use in high-risk 

short-term NSAID users. It is based on an administrative database covering a large 

proportion of the Dutch population. Since it is a retrospective study, the behaviour of 

both physicians and patients was not affected by the fact that they knew they were 

being observed. Furthermore, the use of electronic claims data means that we did not 

have to rely on self-reporting of patients, avoiding recall bias.

There is also a downside to performing an analysis exclusively with administrative claims 

data, since over-the-counter medications can not be accounted for. Nevertheless, in the 

Netherlands, PPIs are exclusively available on prescription. On the other hand, NSAIDs 

and aspirin are available over-the-counter and therefore use of these medications may 

have been underestimated. Moreover, NSAID use was based on the quantity supplied 

on the reimbursed prescriptions. It can only be assumed that the dispensed medication 

was actually ingested by a particular person. 

The database did not provide information on dyspeptic or reflux symptoms diagnosed 

by the GP, nor whether patients were infected with H. pylori. As a result, these risk 

factors were not included in the analyses and underutilisation of PPIs may have been 

further underestimated. 
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Finally, it is possible that patients received an adequate preventive strategy other than 

PPIs, i.e., misoprostol. A sub-analysis to investigate whether this was true in our cohort 

showed that this was not the case (results not shown). We can therefore conclude that 

PPIs are the most commonly prescribed gastroprotective agents in the Netherlands.

In conclusion, the results of this study demonstrate that, despite well established 

guidelines, underutilisation of PPIs in high-risk short-term NSAID users is common, 

exposing a subset of patients to an unnecessary risk. It could well be possible that 

underutilisation in high-risk patients is due to inadequate risk assessment by physicians 

being not aware of the risks associated with short-term NSAID use or not know which 

risk factors associated with GI complications. In addition, physicians may have different 

beliefs about the importance of these risks when making treatment decisions. The low 

rate of PPI utilisation was shown to be driven by patient- and physician-related factors. 

Education of physicians and patients on the risks associated with short-term NSAID use 

and the importance of adherence to the guidelines is therefore indicated.
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ABStRACt

Background: Recent studies have raised concerns on the clinical effectiveness 

of clopidogrel when taken in combination with proton pump inhibitors (PPIs), 

demonstrating an increase in the occurrence of cardiovascular events. In this 

study, the association between the co-administration of a PPI and clopidogrel and 

the occurrence of cardiovascular and gastrointestinal events in a large cohort in 

the Netherlands was investigated. 

Methods: A retrospective study was conducted using data from 4 million individuals. 

New clopidogrel users were identified between January 2006 and December 2007 

and followed over time. The Kaplan-Meier method and Cox regression analysis 

were used to calculate risk of cardiovascular and gastrointestinal outcomes in 

clopidogrel patients with or without PPI use.

Results: A total of 18,139 new clopidogrel users were identified; 5,734 subjects 

(32%) used PPIs concurrently. Patients on PPIs were significantly older, used 

more co-medications and suffered from more comorbidities. Use of clopidogrel 

and PPIs was associated with an increased risk of myocardial infarction (HR 1.93, 

95% CI 1.40-2.65), unstable angina pectoris (HR 1.79, 95% CI 1.60-2.03) and 

the composite endpoint (HR 1.75, 95% CI 1.58-1.94) compared to clopidogrel 

users without PPIs. PPI users also had an increased risk of gastrointestinal events 

compared to non-PPI users (HR 4.76, 95% CI 1.18-19.17). 

Conclusion: New clopidogrel users on PPIs are at an increased risk of cardiovascular 

and gastrointestinal complications compared to those not using a PPI. The 

inferior cardiovascular profile of clopidogrel users on PPIs and the occurrence of 

channeling bias may be important factors underlying this observation.
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IntRoDUCtIon

Coronary artery disease is the worldwide number one cause of mortality and a major 

cause of disability: In 2005 an estimated 17.5 million people died from coronary artery 

disease, representing 30% of all global deaths1. Inhibiting platelet aggregation has 

been shown to decrease first and recurrent events in patients with stroke or transient 

ischemic attacks, myocardial infarction, unstable angina or the need for vascular bypass 

or angioplasty2-4. Clopidogrel, a thienopyridine, inhibits platelet activation induced by 

adenosine diphosphate (ADP) and requires biotransformation to an active metabolite 

by cytochrome P-450 (CYP) enzymes including CYP2C195. It is incorporated in the 

management guidelines for acute coronary syndromes6, 7  .

Due to an increased incidence of gastrointestinal (GI) bleeding events in patients using 

clopidogrel, the American College of Cardiology published guidelines recommending 

co-administration of a proton pump inhibitor (PPI) as prophylaxis in patients with risk 

factors8. However, recent studies have suggested that PPIs reduce the antiplatelet effects 

of clopidogrel9-11. The interaction is believed to be the result of the availability/activity 

of CYP2C19 in the liver, since certain PPIs are converted by this specific enzyme, and, 

as a consequence, their bioavailability is reduced12. The possible competitive metabolic 

effects of PPIs on CYP2C19 could inhibit the conversion of clopidogrel to its active 

metabolite and as a result reduce its effectiveness13.

Two retrospective cohort studies from the US and Canada provided data on the clinical 

effectiveness of clopidogrel when taken in combination with PPIs14, 15. Both studies 

demonstrated that concomitant therapy of clopidogrel with PPIs was associated 

with an increased risk of rehospitalisation for acute coronary syndrome. In contrast, 

more recently, O’Donoghue et al. analysed a subgroup of the TRITON TIMI-38 trial 

and concluded that the concurrent use of PPIs did not attenuate the clinical efficacy 

of clopidogrel16. Furthermore, preliminary results of a randomised double-blind trial of 

omeprazole vs. placebo in patients taking clopidogrel plus aspirin showed no evidence 

for clinically relevant adverse cardiovascular interaction between clopidogrel and PPIs17. 

A recent meta-analysis by Kwok and Loke reviewed 23 studies, of which the majority 

in abstract form, concluded that only the overall pooled data of observational studies 

suggests that concomitant clopidogrel and PPI use may be associated with adverse 

CV events. Analysis of propensity-matched or randomised trial participants showed no 

associated risk18.
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These contradicting results have caused a lot of uncertainness as to whether or not 

to prescribe a PPI concurrent with clopidogrel. Currently, both the US Food and Drug 

Administration and the European Medicines Agency advice physicians to re-evaluate 

the need for treatment with a PPI in patients taking clopidogrel19, 20.

Surprisingly, no studies have taken into account the incidence of GI events and related 

hospitalisation rates in clopidogrel users with or without PPI use within their cohort. 

The clinical implications of concurrent PPI and clopidogrel use can only be evaluated 

properly if both cardiovascular and GI outcomes are assessed. Therefore, in the current 

study, we investigated the association between the co-administration of a PPI and 

clopidogrel and the occurrence of cardiovascular and GI events in a large cohort in the 

Netherlands. 

MetHoDS

Source of data

For this study, data were collected from anonymised computerised databases of two 

Dutch health insurance companies covering a total of 4 million Dutch inhabitants, which is 

approximately 25% of the total population. Both datasets included similar information on 

patient characteristics, i.e. gender and age, diagnoses and pharmaceutical prescriptions. 

Each reimbursed prescription record contained information on the dispensed product 

according to the Anatomical Therapeutic Chemical (ATC) classification,21 date of 

dispensation and number of doses provided. 

Clopidogrel and concurrent PPI use

A retrospective cohort study was conducted covering the period from January 1st, 2006 

to December 31st, 2007. The source population comprised all insured individuals of 18 

years or older on January 1st, 2006. All subjects needed to have at least 1 year of valid 

history available in the database, meaning that patients had to be registered with the 

insurance company for at least 1 year. This year was required to identify incident use of 

clopidogrel and to assess the presence of comorbidity at baseline. 

All patients with a minimum of one prescription (≥7 defined daily dose) for clopidogrel 

(ATC B01AC04) between January 1st, 2006 and December 31st, 2007 were identified and 
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classified as clopidogrel users, a 14-day gap between prescription refills was allowed 

before a patient was considered to have discontinued clopidogrel use. In case more than 

one clopidogrel episode was present in a patient, only the first episode was analysed. 

The study cohort was restricted to new clopidogrel users only. Therefore, patients with 

documented use of clopidogrel in the 180 days prior to the index clopidogrel prescription 

date were excluded from the analysis. In 2005, the Dutch Society of Cardiology published 

guidelines on the use of clopidogrel for the prevention of thrombotic complications, 

which are in line with the guidelines as published by the European Society of Cardiology 

(ESC) published in 20086. In the Netherlands, clopidogrel is only covered by insurance 

companies if prescribed according to the guidelines; therefore, we assume that our 

cohort only included patients with an indication according to these guidelines.

PPI use was defined as a minimum of 80% overlap between PPI and clopidogrel use 

or concurrent use of both medications within 7 days before or at the time of a possible 

event. The PPIs that were available in the Netherlands at the time of the analyses 

included omeprazole (ATC A02BC01), pantoprazole (ATC A02BC02), lansoprazole (ATC 

A02BC03), rabeprazole (ATC A02BC04) and esomeprazole (ATC A02BC05) and were 

only available on prescription.

outcome

Both cardiovascular and GI outcomes were assessed for all clopidogrel users for the 

period of January 1st, 2006 to December 31st, 2007, according to the Diagnostic Treatment 

Combinations based on the International Classification of Disease-9th Revision22. The 

primary study endpoint was the composite of myocardial infarction (ST-elevation and 

non-ST-elevation), unstable angina pectoris, stroke and/or all-cause mortality. Secondary 

endpoints were the individual components of the primary composite endpoint. In 

addition, we also analysed the occurrence of complicated and uncomplicated peptic 

ulcer disease (PUD). Only complications occurring during clopidogrel use or within 7 

days after ceasing it were considered to be relevant for this study. 

Covariates

In order to facilitate determination of predictors of studied outcomes in clopidogrel users 

with or without concurrent PPI use, covariates in each group were examined. These 

included age, gender, use of anti-hypertensive medication, cholesterol lowering drugs, 
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aspirin, non-steroidal anti-inflammatory drugs (NSAIDs), anti-coagulants, and drugs 

known to be involved in GI complications, such as SSRIs, steroids and selective COX-2 

inhibitors. Furthermore, a history of heart failure, myocardial infarction, cerebrovascular 

disease (hemorrhagic stroke, ischemic stroke and transient ischemic attack), COPD, 

renal failure, diabetes with complications, and (complicated) peptic ulcer disease were 

identified in each patient. It should be noted that history of cardiovascular disease was 

included to assess the cardiovascular profile prior to clopidogrel use and was not the 

indication of clopidogrel use.

Statistical analysis

Standard descriptive statistics were used to assess baseline characteristics of the study 

cohort. The Pearson chi-squared and Student t-test were used to compare clopidogrel 

users with and without concurrent PPI use. 

Follow-up commenced at the start of the clopidogrel index date. Endpoints in the study 

included the occurrence of myocardial infarction, stroke, unstable angina pectoris, 

(complicated) PUD, all-cause mortality, end of clopidogrel use or 31 December 2007. 

Survival and risk analysis were performed using the Kaplan-Meier method; groups were 

compared using the log-rank test. Cox proportional hazard regression analysis was used 

for multivariate analyses of entry variables independently related to the endpoint. The 

level of statistical significance was set at 0.05 and the uncertainty of the estimates by 

95% confidence intervals. All analyses were performed using SAS statistical software, 

version 9.1.

ReSULtS

After applying the exclusion criteria 18,139 insured individuals using clopidogrel were 

analysed. Of these, 5,734 (32%) used a PPI concurrent with clopidogrel. Patients 

on concurrent PPIs were significantly older, had more comorbidities including heart 

failure, history of unstable angina pectoris, COPD and renal failure, and used more co-

medications (Table 1).
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table 1: Baseline characteristics of clopidogrel use with and without concurrent PPI use.

Clopidogrel with 
PPI use

Clopidogrel without 
PPI use

no. of patients % no. of patients % P-value

All patients 5 734 31.6 12 405 68.4
Male gender 3 356 58.5 8 296 66.9 <0.01
Mean age 68.6 (SD 12.2) 66.1 (SD 12.4) <0.01
Use of comedication
Diuretics 2 174 37.9 3 178 25.6 <0.01
Statins 4 886 85.2 10 578 85.3 0.91
b-Adrenergic antagonists 4 464 77.9 9 311 75.1 <0.01
ACe-inhibitors 3 798 66.2 7 686 62.0 <0.01
Aspirin 4 444 77.5 9 889 79.7 <0.01
Anti-coagulants 720 12.6 1 119 9.0 <0.01
Steroids 503 8.8 430 3.5 <0.01
nSAIDs 472 8.2 491 4.0 <0.01
SSRIs 334 5.8 336 2.7 <0.01
CoX-2 inhibitors 69 1.2 68 0.6 <0.01
Diclofenac/misoprostol 80 1.4 88 0.7 <0.01
Comorbidities
History of heart failure 536 9.4 758 6.1 <0.01
History of myocardial infarction 2 001 34.9 4 163 33.6 0.08
History of angina pectoris (unstable) 2 220 38.7 4 167 33.6 <0.01
CoPD 380 6.6 445 3.6 <0.01
Renal failure 151 2.6 169 1.4 <0.01
History of cerebrovascular disease 203 3.5 370 3.0 <0.05
Diabetes with complications 350 6.1 484 3.9 <0.01
History of PUD 46 0.8 13 0.1 <0.01
History of PUB 54 0.9 26 0.2 <0.01

ACE=angiotensin-converting-enzyme; NSAID=nonsteroidal anti-inflammatory drugs; SSRI=selective serotonin 
reuptake inhibitor; COX=cyclo-oxygenase; COPD=chronic obstructive pulmonary disease; PUD=peptic ulcer 
disease; PUB=peptic ulcer bleed;

Total duration of clopidogrel use was 2,316,780 days (6,342 years). The primary outcome 

was reached in 754 (13%) patients on PPIs during their clopidogrel episode, compared 

to 830 (7%) patients not using PPIs. The mean time to the occurrence of cardiovascular 

event was 75 days, which was not significantly different between patients with or without 

PPI co-therapy (p=0.97).
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Univariate analysis showed that in clopidogrel users, the addition of PPIs was associated 

with an increased risk of the composite cardiovascular endpoint (HR 2.03, 95% CI 1.84-

2.24) which remained significantly different after adjustment for possible confounders 

(HR 1.75, 95% CI 1.58-1.94) (Table 2, Figure 1). Our findings did not change to a great 

extent when PPI use was redefined as a minimum overlap with the clopidogrel episode 

of 50% instead of 80% (HR 1.43, 95% CI 1.29-1.58).

In the sub-analyses of the secondary outcomes, the incidence of myocardial infarction, 

unstable angina pectoris, stroke and all cause mortality were all significantly higher in 

clopidogrel users with PPIs than in those without PPIs. In multivariate analysis, PPI co-

therapy remained significantly associated with a higher risk of myocardial infarction (HR 

1.93, 95% CI 1.40-2.65), unstable angina pectoris (HR 1.79, 95% CI 1.60-2.03) and all-

cause mortality (HR 1.79, 95% CI 1.44-2.22), This association was not found for stroke 

(HR 1.13, 95% CI 0.78-1.65 (Table 2).

The incidence of GI events was low in our study population, with an incidence of 0.7% 

in patients using PPI co-therapy and 0.2% in those not using PPIs. In the univariate 

analysis, this difference was statistically significant (HR 5.66, 95% CI 1.80-17.84), which 

remained so after adjusting for confounders (HR 4.76, 95% CI 1.18-19.17).

table 2: Univariate and multivariate analysis of the association between concurrent clopidogrel and PPI use and 
the occurrence of adverse outcomes.

Clopidogrel 
with PPI use

Clopidogrel 
without PPI use

no. of patients 
(%)

no. of patients 
(%)

Unadjusted HR 
(95% CI)

Adjusted HR
 (95% CI)

Composite endpoint 754 (13.2) 830 (6.7) 2.03 (1.84-2.24) 1.75 (1.58-1.94)
MI 84 (1.5) 78 (0.6) 2.41 (1.77-3.28) 1.93 (1.40-2.65)
UAP 458 (8.1) 538 (4.3) 1.92 (1.70- 2.18) 1.79 (1.60-2.03)
Stroke 46 (0.8) 78 (0.6) 1.32 (0.91-1.89) 1.13 (0.78-1.65)
All cause mortality 189 (3.3) 164 (1.3) 2.56 (2.08-3.16) 1.79 (1.44-2.22)

(Complicated) PUD 38 (0.7) 27 (0.2) 5.66 (1.80-17.84) 4.76 (1.18-19.17)

MI=myocardial infarction; UAP=unstable angina pectoris; PUD=peptic ulcer disease;
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Figure 1: Kaplan-Meier plot of the event free survival (+95% Confidence interval). A statistically significant 
difference was found between both groups (p=<0.0001, Log rank test).

There was no significant difference between different types of PPI in predicting the 

occurrence of cardiovascular events (Table 3). Lansoprazole use was excluded from 

the analysis, since it was very rarely prescribed to the patients in our database. Due 

to the low incidence of (complicated) PUD, we were unable to perform a statistical 

analysis to investigate whether there was a difference between the different types of PPI 

in predicting the occurrence of GI events.

table 3: Multivariate analysis of the association between types of PPI used and the occurrence of adverse 
outcomes.

no. of patients Hazard Ratio 95% Confidence Interval

omeprazole 1826 1.622 1.379 -1.907
Pantoprazole 2618 1.827 1.606 -2.079
esomeprazole 1092 1.833 1.518 -2.214
Rabeprazole 133 1.758 1.073 -2.881
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DISCUSSIon

The results of this study show that patients taking PPIs concurrent to clopidogrel are 

at an increased risk of cardiovascular (including myocardial infarction, unstable angina 

pectoris, and stroke) and GI (including (complicated) PUD) outcomes and all-cause 

mortality. We found no differences in these risks between the different PPIs used. 

Our results are in line with two previously published cohort studies in the US and 

Canada, demonstrating that concomitant use of clopidogrel and PPIs is associated 

with an increased risk of cardiovascular outcomes; Ho et al. found an increased risk of 

rehospitalisation for acute coronary syndrome in clopidogrel users who were also on 

PPIs compared to clopidogrel users who were not14. Juurlink et al. also showed that 

among patients receiving clopidogrel following acute myocardial infarction, concomitant 

use of PPIs was associated with an increased risk of re-infarction15. The occurrence of 

cardiovascular events in our cohort (8.7%) was slightly higher than that found by Juurlink 

et al. (5.7%) but substantially lower when compared to those of Ho et al. (26.5%). This 

may be explained by differences in the definition of the primary outcome, as Juurlink 

et al. defined cases as patients who died or were readmitted for myocardial infarction, 

whereas the definition of the primary outcome in our study cohort and that of Ho. et al. 

also included unstable angina pectoris. Furthermore, the higher complication rate found 

by Ho et al. could well be due to the selection of the patient population, i.e., patients 

were selected from a Veterans Health Administration database.

In contrast, O’Donoghue et al recently published the results of a sub-analysis of two 

randomised trials assessing the pharmocodynamic effect and clinical efficacy of 

clopidogrel and found no association between the concomitant use of clopidogrel and 

PPIs and risk of cardiovascular death, myocardial infarction or stroke16. It should be 

noted, however, that the analysed patients came from a trial in which patients having 

(severe) comorbidities were excluded. Therefore, the study population in the study of 

O’Donoghue et al. was in general healthier than the population in our retrospective 

cohort study and, as a result, differences in the occurrence of a cardiovascular event 

between the two groups may not have been observed. 

We did not find a difference between the various PPI types used in predicting the possible 

outcome of cardiovascular events. Thus far, results of mechanistic and translational 

studies investigating the effect of PPIs on platelet aggregation inhibition by clopidogrel 
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have been contradicting. It remains unclear whether any potential interaction between 

PPIs and clopidogrel is limited to specific PPIs or represents a class effect, since not 

all PPIs have been assessed under identical conditions. These contradicting results 

suggest that the observed association between concomitant use of clopidogrel and PPIs 

and an increased risk of an adverse event may also be attributable to causes other than 

the possible competitive metabolic effects on CYP2C19. For example, it can be argued 

that gastro-oesophageal reflux disease, the disorder for which PPIs are prescribed 

most often, and cardiovascular disease have similar risk factors such as smoking and 

obesity23-25. This could (partly) explain the high prevalence of cardiovascular disease in 

the PPI group. Unfortunately, our database contains no information on these lifestyle 

factors, and we were therefore unable to correct for these factors in our multivariable 

analysis. 

We also observed a significant difference in the prevalence of comorbidities and co-

medication use at baseline in our patient cohort concurrently on clopidogrel and PPIs 

compared to patients not using PPIs. PPI users were more likely to use concomitant 

medications and to suffer from more comorbidities, including a history of myocardial 

infarction, angina, heart failure and cerebrovascular disease, than those on clopidogrel 

alone, indicating that clopidogrel users with PPIs probably had an inferior cardiovascular 

risk profile than those not using PPIs. Therefore, PPI use may be a proxy for decreased 

general health, which in turn is related to an increased risk for cardiovascular events. 

This hypothesis is further supported by the fact that we also observed an increase in 

the incidence of (complicated) PUD in clopidogrel users who were on PPIs compared 

to those without, which goes against all previous evidence from both large randomised 

controlled trials26. and observational studies27. Again this could be due to the different 

baseline characteristics between the two groups, with PPIs being prescribed to patients 

at a higher GI risk. This so-called channeling bias is a form of allocation bias in which 

physicians tend to prescribe certain medications to a subgroup of patients, in this case 

patients with more comorbidity. Specifically, a drug may preferentially be prescribed 

to groups of patients with different baseline prognosis, with the consequence that the 

presence or absence of disease states can be incorrectly attributed to the use of this 

drug28.The observed differences in baseline characteristics and the higher incidence of 

(complicated) PUD also advocates the presence of confounding by indication, a major 

limitation of observational studies of treatment effects. Although every effort is made to 
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control for confounding, residual confounding may occur because of unmeasured or 

unknown risk factors. The presence of these unmeasured or unknown risk factors could 

well have an effect on the results presented in this and other observational studies. We 

also conducted the analysis, excluding patients with a history of peptic ulcer or ulcer 

bleeding, and found that patients using clopidogrel and PPIs concurrently were still at 

an increased risk of both cardiovascular and GI complications, HR 1.75 (CI 1.58-1.94) 

and HR 6.39 (CI 1.24-32.89) respectively, making it even more likely that our results are 

attributable to channeling bias.

The fact that we did find a significant association between clopidogrel use and the 

occurrence of stroke is not unexpected, since clopidogrel use is not indicated as 

mainstay therapy in the prevention of stroke and the evidence of a positive effect of 

clopidogrel use is limited and results are conflicting29-31. As the influence of clopidogrel 

on stroke is only minor, the possible additional influence of PPIs on this effect is most 

probably negligible. 

Our study has several strengths. To our knowledge, this is the first European cohort 

study investigating an association between concomitant use of clopidogrel and PPIs 

and the occurrence of cardiovascular events. We only included new clopidogrel users, 

and unlike Ho et al14. and Juurlink et al15. we did consider time in our Cox proportional 

hazard regression analysis, making sure that patients were censored after adverse 

events. Secondly, we investigated the occurrence of GI events in our cohort, which 

was not done in the other studies. Finally, our results are based on an administrative 

database covering a large proportion (approximately 25%) of the Dutch population. 

Since this is a retrospective study, the behaviour of both physicians and patients was 

not affected by the fact that they knew they were being observed. Because of the use of 

electronic claims data we did not have to rely on self-reporting of patients, thus avoiding 

recall bias.

There is also a downside to performing an analysis exclusively with administrative claims 

data, since over-the-counter medications can not be accounted for. However, as said 

previously, in the Netherlands, PPIs were exclusively available on prescription during 

our study period. Secondly, there is the possibility of inaccuracies in the registration of 

Diagnostic Treatment Combinations, although it can be argued that this will be similar in 

both groups, thus not influencing the final outcome. Thirdly, it should be noted that the 

outcomes in the databases used are not validated by chart review. However, because 
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of the economic function of the database, the registration of pharmacy and other 

healthcare deliverables is most likely to be complete and accurate. Furthermore, since 

we merged the data of two large Dutch health insurance companies (covering 25% 

of the total Dutch population) our data are a good representative of the population. In 

order to ascertain no presence of any discrepancies between the datasets we carried 

out the same analysis for each dataset separately and found similar results (results 

not shown). Finally, the incidence of uncomplicated peptic ulcer disease may well be 

underestimated due to the fact that decision to perform a diagnostic test for ulcer (either 

EGD or barium study) is patient and physician dependent. However, it is quite unlikely 

that these decisions are different between patients on or off PPI treatment.

In conclusion, the results of this study demonstrate that new clopidogrel users taking 

PPIs concurrently are at an increased risk of both cardiovascular and GI complications 

including all cause death when compared to those not using a PPI. This is most likely 

attributable to channeling, i.e. patients using a PPI have increased baseline cardiovascular 

and GI risk profiles, based on 1) patients’ characteristics at the start of clopidogrel; and 

2) increased hazard risk for GI complications while using a PPI.
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GeneRAL SUMMARY

In Chapter 1 a general overview of the definition and prevalence of gastro-oesophageal 

reflux disease (GORD) and functional dyspepsia (FD) is given. Furthermore, the 

pathophysiological mechanisms are discussed, which, thus far, focuses primarily on 

(excess) acid exposure in GORD and on abnormal gastric sensorimotor in FD. New 

insights into the role of visceral hypersensitivity and central sensitisation in symptom 

generation in both disorders are highlighted and a possible role of the duodenum and 

the chylomicron-apoAIV-CCK pathway, especially following duodenal lipid infusion, in 

this process is described.

The mainstay of medical therapy in patients with reflux symptoms is proton pump 

inhibitor (PPI) therapy. Although the evidence of a positive effect of PPIs on dyspeptic 

symptoms is limited, PPIs are still frequently prescribed to patients with FD. In chapter 

5 the frequency of PPI treatment and the influence of treatment on health related quality 

of life are investigated, whereas chapters 6 and 7 shed more light on the influence 

of sociodemographic factors on chronic PPI use and on prescription rates of PPIs in 

high-risk patients taking NSAIDs. The introduction concludes with the recent concerns 

regarding the safety of prescribing PPIs concurrently with clopidogrel. 

Chapter 2 summarises the current knowledge of the mechanisms by which chemical 

stimulation of the duodenum contributes to the pathogenesis of dyspeptic symptoms. The 

data reported demonstrate an intense interaction between effects of duodenal chemical 

stimuli including acid, nutrients and capsaicin on chemosensitivity, mechanosensitivity 

and, to a lesser extent, changes in motility control of the gastroduodenal region. The 

mechanisms underlying an enhanced response to duodenal chemical stimulation are 

not entirely clear, both overexposure to a stimulus or mediators released, including CCK, 

and duodenal hypersensitivity itself have been implicated. Overexposure to mediators 

may be caused by abnormalities in mucosal mRNA expression related to biosynthesis, 

release or inactivation. Altered receptor expression on afferent nerve endings may 

underlie hypersensitivity. Elucidation of the abnormalities involved may provide a basis 

for rational treatment of dyspeptic symptoms.



Chapter 9

144

In Chapter 3 we gain insight into the mechanism underlying the modulation of 

oesophageal perception by duodenal lipid by comparing apoA-IV and CCK protein levels 

and mRNA expression of a selection of genes in GORD patients and healthy volunteers 

(HV) upon lipid infusion. Mean mucosal apoA-IV and mean mucosal CCK concentrations 

were significantly lower in patients, whereas apoA-IV plasma concentrations tended 

to be elevated, suggesting enhanced release of apoA-IV and CCK in GORD relative 

to HV in response to duodenal lipid. Furthermore, two of the 11 genes validated to be 

expressed at higher levels in the duodenum of GORD patients under fasting conditions, 

were found to be also upregulated post lipid infusion. We postulate that the resulting 

heightened activation of duodenal vagal afferents underlies central sensitisation and 

thereby increases the perception of gastro-oesophageal reflux events.

Chapter 4 emphasises the role of CCK in lipid-induced symptoms in functional 

dyspepsia. Upon duodenal lipid infusion mean mucosal CCK concentrations were 

significantly lower in patients compared to HV. Furthermore, abdominal discomfort and 

nausea increased significantly in patients whereas these symptoms remained negligible 

in HV. We postulate that the lower duodenal CCK concentration observed in FD patients 

is the result of an enhanced fat-induced release from mucosal enteroendocrine I cells 

relative to HV. Similarly to symptom generation in GORD we hypothesise that enhanced 

release of CCK is expected to cause increased stimulation of duodenal vagal afferents, 

which may induce sensitisation of brainstem neurons and hence enhance perception of 

gastric distension.

Proton pump inhibitors (PPI) are the mainstay of medical therapy for patients with reflux 

symptoms. However, PPIs are also frequently prescribed to FD patients  despite the lack 

of evidence with regards to symptom relief in this group. In Chapter 5 the frequency of 

PPI use in FD patients and the subjective efficacy of medication(s) used, including PPIs, 

is assessed with a Visual Analogue Scale (VAS). Furthermore, a possible association 

between PPIs and HRQOL in GORD and FD patients is investigated. It is shown that 

over 50% of FD patients use PPIs, with more than half using more than twice the daily 

defined dose. FD patients using PPIs scored similar on the VAS as those not using 

PPIs. Moreover, no differences are found in HRQOL between FD patients using PPIs 

and those not using PPIs. Since FD patients on PPIs show no significant improvement 
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with regard to symptom relief and HRQOL when compared to those without a PPI, 

physicians, particularly in secondary and tertiary care, need to be at least reluctant in 

prescribing PPIs to these patients. 

Chronic PPI use is mainly indicated for the treatment of GORD and is advised as 

gastroprotection in combination with non-steroidal anti-inflammatory drugs (NSAIDs) 

use. Sociodemographic factors of patients have previously been shown to influence 

the physicians’ decision to prescribe certain drugs. In Chapter 6 the influence of 

sociodemographic factors on chronic PPI use in the Netherlands is investigated. It is 

demonstrated that patients of a lower socioeconomic status (SES) are more likely to use 

PPIs on a chronic basis. The observed social gradient in PPI use may reflect differences 

in health, health care use, or health care supply by physicians. Patients of a lower SES 

are known to be more likely to visit a general practitioner than patients of a higher SES 

and, furthermore, patients of a lower SES are more likely to receive a drug prescription, 

independent of health status. In addition, among the other factors strongly predictive 

of PPI use is polypharmacy, which is a proxy for co-morbidity. A possible explanation 

can be that physicians may perceive patients with co-morbidities to be at a higher risk 

of upper gastrointestinal complications and thus prescribe more protective medication 

to these patients.

Chapter 7 also confirms that sociodemographic factors of both patients and physicians 

influence the use health care facilities. In this chapter we investigate the utilisation of 

proton pump inhibitors in high-risk, short-term users of NSAID in a large population in 

the Netherlands and assess the association between sociodemographic factors and the 

rates at which proton pump inhibitors are prescribed. Although adequate gastroprotection 

is indicated in high-risk individuals for upper gastrointestinal complications, the results 

in this chapter point out that underutilisation of PPIs occurs in 56% of NSAID users with 

one or more risk factors, exposing a subset of patients to an unnecessary risk. The low 

rate of PPI utilisation is shown to be driven by patient- and physician-related factors. 

Physicians working in deprived and urban areas are significantly less likely to prescribe 

gastroprotective measures to high-risk patients, which may well due to the fact that GPs 

in deprived and urban areas experience a higher workload with an increased number 

of consultations, possibly affecting the quality of care. Education of both physicians 
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and patients on the risks associated with short-term NSAID use and the importance of 

adherence to the guidelines is therefore indicated.

In Chapter 8 we investigate the association between the co-administration of a PPI and 

clopidogrel and the occurrence of cardiovascular and gastrointestinal events in a large 

cohort in the Netherlands. We conclude that new clopidogrel users concurrently on PPIs 

are at an increased risk of cardiovascular and gastrointestinal complications compared 

to those not using a PPI. In addition, patients on PPIs are significantly older, use more 

co-medications and suffer from more comorbidities, suggesting that patients using a 

PPI have increased baseline cardiovascular and gastrointestinal risk profiles and hence 

are at an increased risk of complications. 
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neDeRLAnDSe SAMenVAttInG

In hoofdstuk 1 van dit proefschrift worden de definities en de huidige kennis ten 

aanzien van de pathofysiologie van gastro-oesofageale refluxziekte (GORZ) en 

functionele dyspepsie (FD) beschreven. GORZ wordt gekenmerkt door symptomen van 

zuurbranden, oprispingen en pijn achter het borstbeen. Deze worden veroorzaakt door 

het terugstromen van maaginhoud in de slokdarm en dit kan al dan niet gepaard gaan 

met variabele schade aan de slokdarm. FD is een chronische ziekte die gekenmerkt 

wordt door bovenbuikklachten zoals een vol gevoel na de maaltijd, onvermogen om 

normale porties te eten, pijn in de bovenbuik, opgeblazen gevoel, misselijkheid en soms 

zelfs braken en gewichtsverlies. Bij aanvullend onderzoek worden geen organische 

afwijkingen gevonden die de klachten kunnen verklaren. Er bestaat geen specifieke 

diagnostische test voor FD, de diagnose berust dan ook op het klachtenpatroon en het 

uitsluiten van andere oorzaken van dyspepsie.

Met betrekking tot de pathofysiologie ligt de nadruk bij GORZ met name op de 

blootstelling van de slokdarm aan maaginhoud, veroorzaakt door een complexe relatie 

tussen verschillende mechanismen, waaronder afwijkingen aan de onderste kringspier 

van de slokdarm. Bij FD ligt de nadruk meer op het vóórkomen van motorische en 

sensorische stoornissen van de maag, maar de relatie tussen deze pathofysiologische 

mechanismen en bovenbuikklachten is verre van eenduidig. Bij zowel GORZ als FD zijn 

er aanwijzingen dat, behalve bovengenoemde oorzaken, viscerale hypersensitiviteit en 

centrale sensitisatie ook kunnen bijdragen aan het ontstaan van symptomen. Viscerale 

hypersensitiviteit duidt op een toegenomen gevoeligheid van het maag-darmstelsel 

voor een normale prikkel. Bij aanhoudende prikkeling van de lokale zenuwuiteinden 

komen meer modulatoren vrij die het centraal zenuwstelsel verder kunnen activeren 

(sensitiseren). Dit wordt centrale sensitisatie genoemd. Prikkels in organen kunnen 

door convergentie in de hersenen door prikkels afkomstig van andere organen worden 

beïnvloed. Zo is in meerdere studies aangetoond dat bij patiënten met FD een normale 

prikkel in de maag, bijvoorbeeld oprekken van de maag door voeding (mechanische 

stimulatie), versterkt wordt waargenomen wanneer er gelijktijdig vetinfusie in het 

duodenum plaatsvindt (chemische stimulatie). 
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Hoofdstuk 2 geeft een overzicht van de huidige kennis van de verschillende mecha-

nismen waardoor chemische stimulatie van het duodenum bijdraagt aan de pathogenese 

van dyspeptische symptomen. Uit de gerapporteerde data blijkt een duidelijk effect van 

chemische stimulatie van het duodenum door onder andere zuur, vet en capsaicine 

op de chemosensitiviteit, mechanosensitiviteit en, in mindere mate, op veranderingen 

in de motiliteit van het maag-darmstelsel. Het is echter onduidelijk of dit zich afspeelt 

op het niveau van de aanmaak, afgifte en inactivatie van signaleringseiwitten in het 

darmslijmvlies, op receptorniveau, op het niveau van de neuronale netwerken of op het 

niveau van de verwerking van de sensore informatie in het centraal zenuwstelsel. 

Ook bij GORZ versterkt infusie van vet in het duodenum de perceptie van prikkels 

uit andere delen van het maag-darmstelsel, waaronder de slokdarm. In hoofdstuk 3 

onderzochten we het onderliggende mechanisme door de expressie van genen in de 

mucosa van het duodenum, betrokken bij vetabsorptie, en de concentraties van de 

signaleringseiwitten apoA-IV en CCK tussen gezonde vrijwilligers en GORZ-patiënten 

te vergelijken na duodenale vetinfusie. Chylomicronen zijn transportdeeltjes van lipiden 

omgeven door eiwitten die in de enterocyt gevormd worden tijdens opname van vet. 

ApoA-IV is een onderdeel van deze chylomicronen en hiervan wordt gedacht dat het 

naastgelegen enteroendocriene cellen kan stimuleren tot CCK-afgifte. CCK kan op 

zijn beurt zenuwuiteinden in het duodenum prikkelen en via deze route symptomen 

genereren. 

De mucosale apoA-IV en CCK-concentraties in patiënten bleken verlaagd vergeleken 

met gezonde vrijwilligers, terwijl de plasma apoA-IV concentraties juist verhoogd waren. 

Daarnaast, kwamen twee genen betrokken bij vetabsorptie verhoogd tot expressie bij 

patiënten. Deze resultaten suggereren dat de afgifte van apoA-IV en CCK verhoogd is 

bij GORZ-patiënten en dat door aanhoudende prikkeling van de perifere zenuwuiteinden 

door CCK in het duodenum centrale sensitisatie optreedt. Dit zou kunnen bijdragen aan 

een verhoogde perceptie van refluxepisoden in de slokdarm.

In hoofdstuk 4 wordt de rol van CCK bij het ontstaan van dyspeptische symptomen, 

geïnduceerd door de absorptie van vet, verder onderzocht. Mucosale CCK-concentraties 

waren significant lager in het duodenum van FD-patiënten vergeleken met gezonde 

vrijwilligers na duodenale vetinfusie. Daarnaast namen buikpijn en misselijkheid 
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significant toe bij patiënten tijdens de infusie, terwijl dit bij gezonde vrijwilligers te 

verwaarlozen was. De hypothese is dat de lage CCK-concentraties in het duodenum 

van patiënten het gevolg is van toegenomen afgifte uit de enteroendocriene cellen in 

reactie op vet absorptie. Evenals bij symptoomgeneratie in GORZ verwachten wij dat 

in FD-patiënten perifere zenuwuiteinden overmatig geprikkeld worden met centrale 

sensitisatie als gevolg. 

Naast de pathofysiologie van symptoomgeneratie in GORZ en FD, wordt in dit 

proefschrift ook aandacht besteed aan de behandeling van deze gegenereerde 

symptomen. Protonpompremmers ( (PPIs ), zuurremmende medicijnen) worden frequent 

voorgeschreven aan patiënten met GORZ maar ook aan patiënten met FD, dit ondanks 

het beperkte wetenschappelijke bewijs voor de effectiviteit van deze behandeling voor 

deze laatste groep patiënten. 

In hoofdstuk 5 onderzochten wij de frequentie van PPI prescripties voorgeschreven 

voor klachten van het maag-darmstelsel aan FD- en GORZ-patiënten en de subjectieve 

effectiviteit van gastrointestinale medicatie in het algemeen, inclusief PPIs, bij deze 

patiënten. Daarnaast hebben we gezocht naar een eventueel verband tussen PPI 

gebruik en de gezondheidsgerelateerde kwaliteit van leven (KvL). Er werd aangetoond 

dat meer dan 50% van de FD-patiënten PPIs gebruikten, waarvan de helft meer dan de 

dubbele aanbevolen dosering. Het al dan niet gebruiken van een PPI had geen invloed 

op de subjectief ervaren effectiviteit van medicatie. Ook  werden  er geen verschillen 

gevonden in KvL tussen FD-patiënten die een PPI gebruikten en patiënten die geen PPI 

gebruikten. 

Chronisch PPI gebruik is met name geïndiceerd voor de behandeling van 

refluxsymptomen en als maagbescherming bij gebruik van de ontstekingsremmende 

middelen die non-steroidal anti-inflammatory drugs (NSAIDs) worden genoemd. In het 

verleden is aangetoond is dat sociaal-demografische factoren van patiënten van invloed 

zijn op de beslissing van een arts om geneesmiddelen wel of niet voor te schrijven 

In hoofdstuk 6 werd de invloed van sociaal-demografische factoren van patiënten 

op chronisch PPI gebruik in Nederland onderzocht. Uit deze studie kwam naar voren 

dat patiënten met een lage sociaal economische status (SES) vaker PPIs gebruikten 

op chronische basis dan patiënten met een hogere SES. Deze sociale verschillen 

kunnen mogelijke verschillen in gezondheid, zorggebruik of zorgaanbod reflecteren. 
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Van patiënten met een lagere SES is bekend dat zij vaker een huisarts bezoeken dan 

patiënten met een hogere SES. Bovendien wordt aan patiënten met een lage SES vaker 

een geneesmiddel voorgeschreven, onafhankelijk van de gezondheidstoestand. 

Hoofdstuk 7 laat opnieuw zien dat sociaal-demografische factoren van zowel 

patiënten als artsen de gezondheidszorg beïnvloeden. Het gebruik van NSAIDs, ook 

kortdurend, kan schadelijk zijn voor de maag. Om deze schade te voorkomen wordt in 

de huidige richtlijnen geadviseerd om aan NSAID-gebruikers met een verhoogde kans 

op complicaties ook een PPI voor te schrijven. In dit hoofdstuk onderzochten we of dit 

adequaat gebeurt en werd er tevens gekeken of sociaal-demografische factoren van 

zowel arts als patiënt van invloed zijn op dit proces. De resultaten van dit hoofdstuk 

lieten zien dat 56% van de NSAID-gebruikers met minimaal een risicofactor voor 

complicaties geen PPI voorgeschreven had gekregen. Hierdoor werd deze groep onnodig 

aan risico’s blootgesteld. Huisartsen werkzaam in achterstandswijken en stedelijke 

gebieden schreven minder vaak adequate maagbescherming voor dan de huisartsen 

in de landelijke gebieden. Dit zou te wijten kunnen zijn aan het feit dat huisartsen in 

achterstandswijken en steden een hogere werkdruk ervaren, wat de kwaliteit van de zorg 

zou kunnen beïnvloeden. Voorlichting van artsen ten aanzien van de risico’s die gepaard 

gaan met kortdurend NSAID-gebruik en het belang van naleving van de richtlijnen met 

betrekking tot adequate maagbescherming is geïndiceerd.

Recent is er veel onrust ontstaan over de veiligheid van het gelijktijdig voorschrijven 

van PPIs en de bloedverdunner clopidogrel. Beide geneesmiddelen worden door de 

lever gemetaboliseerd. Mogelijk dat hierdoor de effectiviteit van clopidogrel afneemt 

waardoor patiënten die gelijktijdig een PPI gebruiken een verhoogde kans hebben op 

cardiovasculaire complicaties. In hoofdstuk 8 hebben we deze associatie onderzocht. 

De resultaten lieten zien dat gelijktijdig gebruik van PPIs en clopidogrel zowel het risico 

op cardiovasculaire als gastrointestinale complicaties verhoogt. Echter, patiënten 

die beide geneesmiddelen gebruikten waren tevens ouder, gebruikten meer overige 

medicatie en hadden veel meer comorbiditeiten dan de patiënten die alleen clopidogrel 

gebruikten. Aangezien het zeer onwaarschijnlijk is dat patiënten die een zuurremmer 

gebruiken een verhoogd risico hebben op gastrointestinale complicaties is deze 

associatie mogelijk te wijten aan het feit dat patiënten die beide middelen gebruiken een 

slechter gastrointestinaal en cardiovasculair risico profiel hebben.
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DAnKWooRD

De totstandkoming van dit proefschrift heb ik mede te danken aan hulp van velen. Graag 

wil ik enkele mensen in het bijzonder bedanken.

Prof. dr. P.D. Siersema, beste Peter, met jouw komst naar de afdeling kwamen er ook 

vele ideeën. Met name voor het epidemiologisch onderzoek heb je de basis gelegd. 

Jouw snelle en inhoudelijk sterke reacties, bij nacht en ontij, op mijn probleemstellingen 

en vragen hebben mij bijzonder gemotiveerd. 

Prof. dr. A.J.P.M. Smout, beste André, je bent een man van weinig woorden, maar wat 

je zegt snijdt hout. Op de GIM-poli ben je een belangrijk voorbeeld voor me geweest. Je 

gevoel voor humor kon ik delen en werkte dikwijls relativerend. Ik vind het jammer dat 

je naar het AMC bent gegaan.

Dr. J.J.M. ter Linde, beste José, waar te beginnen? Als ware lab-analfabeet begon ik 

aan dit onderzoek. Met al het geduld van de wereld heb je me de grondbeginselen 

van het labwerk geleerd. Ik heb ontzettend veel bewondering voor je wetenschappelijk 

inzicht en waardeer de manier waarop je me kennis hebt laten maken met de basale 

wetenschap. Voor je inspanning en betrokkenheid om dit proefschrift op tijd te voltooien 

ben ik je zeer dankbaar.

Prof. dr. M. Samsom, beste Melvin, een sollicitatiegesprek vier jaar geleden heeft  

uiteindelijk geleid tot dit proefschrift.  Dank voor je vertrouwen.

Jac Oors en Matthijs Hagenaars, zonder jullie was dit proefschrift mogelijk slechts bij 

een idee gebleven. Jac, de manier waarop je me wegwijs hebt gemaakt in het functielab 

waardeer ik enorm. Je was mijn steun en toeverlaat bij iedere meting. Jouw rust en 

relativeringsvermogen zijn goud waard! 

Matthijs, de vrijdagen in Rotterdam waren een feest. Onder het genot van Coldplay, taart 

en verse jus hebben we data van vier miljoen mensen geanalyseerd. Dit resulteerde in 

drie artikelen waar we trots op kunnen zijn. Je hielp me in je vrije tijd, dit heb ik heel erg 

op prijs gesteld.
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Dr. M.P. Schwartz, beste Thijs, bij jou lag de start van mijn onderzoek. Je hebt me steeds 

geënthousiasmeerd waardoor ik in mijn zesde studiejaar besloot om dit promotietraject 

aan te gaan.

Patiënten en gezonde vrijwilligers dank ik hartelijk voor hun deelname aan mijn studies. 

Zonder hen was er geen onderzoek.

Stafleden, arts-assistenten en onderzoekers van de Maag-, Darm- en Leverziekten, 

bedank ik niet alleen voor de gezelligheid, de borrels en feestjes, maar ook voor jullie 

interesse, feedback op alle presentaties en voor het uitvoeren van de scopieën op de 

meest onmogelijke momenten. Martijn, bedankt voor je onuitputtelijk enthousiasme en 

wijze lessen. Jouw bijdrage aan ons artikel was onmisbaar. 

Als ik in het lab weer eens finaal de mist in ging heeft jouw hulp, Pauline, menig 

experiment gered. Maarten en Durk, jullie gingen me voor als promovendi en nu als 

AIOS, dank voor jullie gezelligheid en heerlijke kookkunsten.

Ada en Linda, jullie hebben als secretaresses voor mij veel georganiseerd en geregeld. 

Jullie waren een onmisbare brug tussen de staf en mij.

Verpleegkundigen en secretariaat van de endoscopieafdeling, in het bijzonder Paul, 

Marja, Cora, en Lonneke, bedank ik. Ondanks het volle scopieprogramma was het 

inplannen van mijn metingen nooit een probleem. Mede dankzij jullie flexibiliteit en inzet 

is dit onderzoek een succes geworden. Joke en Ria, door jullie kon ik Jac te allen tijde 

“lenen”, waarvoor mijn dank.

Groep 24, na tien jaar nog steeds samen. Het volgende lustrum ben ik er wel bij!

Nicole, precies drie jaar geleden zaten we bij jou thuis op de bank onszelf af te vragen 

waar we nu toch weer aan begonnen waren. Op dat moment hebben we afgesproken, 

dat als we het onderzoek ooit zouden voltooien, we elkaars paranimf zouden zijn. Nu is 

het zover en ik ben heel blij dat je op deze bijzondere dag naast me staat.
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Mijn lieve kamergenootjes, Marian en Petra, ooit samen begonnen als “de drie wijzen 

uit het Oosten”, wat heb ik genoten van jullie als collegae! Zonder jullie was dit niet 

gelukt! Jullie gezelligheid, de vele koffie- en appelbolmomenten, congressen, oprechte 

adviezen, relativerende gesprekken, afleiding (wie gaat er even mee naar de overkant?) 

hebben de afgelopen drie jaar tot een periode gemaakt waar ik met heel veel plezier aan 

terug zal denken. Ik hoop dat we in de toekomst nog veel zullen samenwerken.

Mijn lieve vrienden, bedankt voor alle onderzoeksvrije momenten. Er gaat niks boven 

praten, lachen, eten, drinken en dansen met de mensen die je lief hebt!

Daan en Gijs, mijn grote broers en redders in nood. Data analyseren de avond voor 

mijn presentatie, mijn computer reanimeren bij de zoveelste crash, mijn manuscripten 

corrigeren, er was altijd tijd voor. Ik ben enorm trots op jullie en prijs me gelukkig met 

jullie, Lieneke, Liz en kleine Annelien aan mijn zijde.

Mijn drie ouders, papa, mama en Jojo. Jullie niet aflatende belangstelling voor mijn 

onderzoek, het meevieren van de hoogtepunten en de support op de momenten dat het 

wat minder ging, zijn onbetaalbaar. Jullie hebben mij altijd de ruimte gegeven om mezelf 

te ontwikkelen, waarvoor ik jullie zeer dankbaar ben.

En dan mijn liefste, Wouter, jou bedank ik voor alle andere dingen waardoor ik zo met 

jou van het leven geniet.
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CURRICULUM VItAe

Ofke Sarah van Boxel werd op 25 januari 1981 geboren in Eindhoven. Op 13-jarige 

leeftijd verhuisde ze naar Londen. Daar rondde ze haar middelbare school af op het 

Woodhouse College. Na 1 jaar biologie te hebben gestudeerd, begon ze in 2000 aan 

haar opleiding geneeskunde aan de Universiteit Utrecht. Zij liep co-schappen onder 

meer in Melbourne Australië, en in Cork Ierland. 

Haar interesse voor het wetenschappelijk onderzoek werd gewekt tijdens haar 

wetenschappelijke stage op de afdeling Maag-, Darm- en Leverziekten, onder begeleiding 

van Dr. M.P. Schwartz, naar het voorkomen van lichen planus in de oesophagus bij 

patiënten met deze dermatologische aandoening. Aansluitend aan haar afstuderen in 

oktober 2006 werd zij aangesteld als arts-onderzoeker door Prof. dr. M. Samsom. In 

eerste instantie deed zij onderzoek naar “chemosensitiviteit van het duodenum”. Echter, 

toen na zes maanden Prof. dr. P.D. Siersema het stokje overnam van Prof. dr. M. Samsom 

werd de onderzoekslijn uitgebreid met epidemiologisch onderzoek naar het gebruik van 

protonpompremmers in Nederland.

Tijdens haar promotietraject was ze tevens werkzaam op de polikliniek gastrointestinale 

motoriekstoornissen en gaf ze onderwijs aan studenten geneeskunde. Op 1 februari 

2010 is zij gestart met de opleiding tot Maag-, Darm- en Leverarts in het UMC Utrecht. 

Opleider Prof. dr. P.D. Siersema.






