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Objective: To investigate the relationship between anxiety and gastric sensorimotor function in patients with (hypersensitive)
functional dyspepsia (FD). Comorbidity between FD and anxiety disorders is high. In FD, epigastric pain is associated with gastric
hypersensitivity and neuroticism, a personality trait related to anxiety. Experimentally induced anxiety in healthy volunteers is
associated with changes in sensorimotor function of the proximal stomach. Methods: A total of 139 patients with FD (n � 102
women) underwent a barostat investigation to determine gastric compliance, meal accommodation, and thresholds for discomfort
and pain. Anxiety was measured by the State-Trait Anxiety Inventory (STAI) scale (anxiety as a stable personality trait) and the
STAI-State scale (momentary anxiety). The anxiety subscale of the Hospital Anxiety and Depression Scale (HADS-A) was filled
out to detect comorbid anxiety disorders. Results: Hyper- and normosensitive patients had similar anxiety scores, but gastric
compliance was significantly lower in hypersensitive patients (11.4 versus 32.8 ml/mm Hg; p � .001). In the whole patient group,
no significant correlations between STAI scores and gastric sensorimotor function were found. In hypersensitive patients (n � 53,
43 women), state anxiety was negatively correlated with discomfort threshold (� � �.49; p � .001), pain threshold (� � �.48;
p � .02), and gastric compliance (� � �.46; p � .002). These results were confirmed by multiple linear and logistic regression
analyses. Conclusion: In hypersensitive patients with FD, state anxiety is significantly and negatively correlated with discomfort
threshold, pain threshold, and compliance. These results strengthen the hypothesis that anxiety is important in FD, especially in
hypersensitive patients. Key words: functional dyspepsia, hypersensitivity, barostat, anxiety, central nervous system, brain-gut
axis.

FD � functional dyspepsia; STAI � State-Trait Anxiety Inventory;
HADS-A � Hospital Anxiety and Depression Scale-Anxiety sub-
scale; FGID � functional gastrointestinal disorders; IBS � irritable
bowel syndrome; CNS � central nervous system; MDP � minimal
distending pressure; WMW test � Wilcoxon Mann-Whitney test;
OR � odds ratio; ANS � autonomic nervous system; EMS �
emotional motor system; PAG � periaqueductal grey; LC � locus
coeruleus; HPA-axis � hypothalamo-pituitary-adrenal axis; ASI �
anxiety sensitivity index; VSI � visceral sensitivity index.

INTRODUCTION

Functional dyspepsia (FD) is a clinical syndrome defined by
chronic or recurrent upper abdominal symptoms without

identifiable cause by conventional diagnostic means (1). The
symptom complex is often related to feeding and includes
symptoms of epigastric pain, bloating, early satiety, fullness,
epigastric burning, belching, nausea, and vomiting (1). Recent
studies indicated that FD is a heterogeneous disorder, in which
different gastric pathophysiological mechanisms are associ-
ated with specific symptom patterns (2). Dyspeptic symptoms
have been attributed to abnormalities of gastric motility, such

as delayed gastric emptying or impaired accommodation (3,4),
or to visceral hypersensitivity, quantified as abnormal sensi-
tivity to gastric balloon distension (5,6).

Psychosocial stressors, whether acute or more sustained,
frequently precede onset and exacerbations of functional gas-
trointestinal disorder (FGID) symptoms and influence treat-
ment outcome (7–9). Furthermore, comorbidity between
FGID and psychiatric disorders, especially anxiety disorders,
is high (7–10). However, it is unclear if psychosocial factors
mainly determine healthcare seeking (8) or have a more direct
influence on gastrointestinal (GI) sensorimotor function or
symptom perception in FGID. Recent epidemiological and
neurobiological studies have provided increasing evidence for
the second hypothesis. Recent population-based studies found
a higher prevalence of psychosocial abnormalities and psychi-
atric disorders in patients with FGID compared with that in the
control group, even for patients not seeking treatment (11–13).
Second, central nervous system (CNS) structures, which pro-
cess GI sensory information or regulate autonomic output to
the viscera, largely overlap with regions involved in emotional
(dys)regulation (7,9,10,14–16).

Recent basic and clinical evidence has been supportive of
an association between psychopathology and hypersensitivity
to visceral distension in FGID, although the exact nature of the
association remains unclear (9,10,17). In FD specifically,
analyses of the relationship between symptom pattern, gastric
sensorimotor function, and psychosocial factors have shown
that hypersensitivity to gastric distension is associated with
psychopathology (17). Factor analysis of dyspepsia symptoms
identified four factors. The factor characterized by epigastric
pain and burning was significantly associated with gastric
hypersensitivity and several psychosocial dimensions, includ-
ing the personality trait of neuroticism as measured by the
Neuroticism Extraversion Openness-Five Factor Inventory
(17), which is closely related to (trait) anxiety (18,19).
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Finally, experimentally induced anxiety is associated with
decreased gastric compliance and accommodation to a meal
and with increased epigastric symptom scores during a stan-
dard nutrient challenge in healthy volunteers (20).

To our knowledge, the relationship between anxiety and
gastric sensorimotor function in FD has not been studied in
detail. The aim of the present study was to analyze the
relationship between state and trait anxiety and gastric senso-
rimotor function in FD. Furthermore, given previous findings
(17), we specifically compared patients with hypersensitivity
and normal sensitivity to gastric distension in terms of gastric
sensorimotor function, anxiety levels, and the relationship
between both. We hypothesized that hypersensitivity to gastric
distension would be associated with higher anxiety levels and
that anxiety levels would be more strongly related to gastric
sensorimotor function in hyper- compared with normosensi-
tive patients.

MATERIALS AND METHODS
Patient Sample
Consecutive Dutch-speaking patients newly diagnosed with FD were

recruited between January 2002 and August 2005. The patient sample of the
present study did not overlap with the study populations from previous studies
by our group (3,6,17). Patients did not participate in other studies at the same
time and did not participate repeatedly in this study. All patients presented to
the motility outpatient clinic of the Gastroenterology Department at the
University Hospital Gasthuisberg (a tertiary referral center) because of dys-
peptic symptoms. All patients provided history and submitted to clinical
examination, upper GI endoscopy, routine biochemistry panels, and abdom-
inal ultrasound. Study criteria included the presence of dyspeptic symptoms
for at least 12 weeks during the last 12 months and the absence of organic,
systemic, or metabolic disease. All patients fulfilled the Rome II criteria for
FD (1). In addition, dyspeptic symptoms had to be present at least 3 days per
week, with �2 symptoms scored as relevant or severe on a symptom ques-
tionnaire. Exclusion criteria were the presence of esophagitis, gastric atrophy,
erosive gastroduodenal lesions on endoscopy, heartburn as a predominant
symptom, a history of peptic ulcer, major abdominal surgery, and the use of
nonsteroidal anti-inflammatory drugs, steroids, or drugs affecting gastric acid
secretion.

All drugs potentially affecting gastric function (including antidepressants)
were discontinued at least 1 week before the barostat investigation. Informed
consent was obtained from each participant. The Ethics Committee of the
University Hospital approved the protocol before the start of the study.
Patients were not paid for their participation in the study.

Questionnaires
On the day of the barostat investigation, patients filled out a set of

validated self-report questionnaires that assess various psychosocial factors
and psychiatric disorders, including the State-Trait Anxiety Inventory-Dutch
version (21–23) and the Dutch version of the Hospital Anxiety and Depres-
sion Scale-Anxiety subscale (HADS-A) (24,25). The State scale of the STAI
was filled out twice, immediately before and after the barostat investigation.
The mean value of these two scores was used as a measure for anxiety during
the investigation for each patient; we will refer to this mean score as “STAI-
State score.” Prebarostat state anxiety levels were significantly higher
compared with postbarostat levels. However, when the pre- or postbarostat
STAI-State score instead of the mean score was used in the analyses below,
similar results were obtained (data not shown).

Barostat Investigation
Thresholds for discomfort and pain (sensitivity to distension) and meal

accommodation were studied using a gastric barostat. After an overnight fast
of at least 12 hours, a double-lumen polyvinyl tube (Salem sump tube 14 Ch.,

Sherwood Medical, Petit Rechain, Belgium) with an adherent plastic bag
(1200 ml capacity; 17 cm maximal diameter) finely folded was introduced
through the patient’s mouth and secured with adhesive tape to the chin. The
position of the bag in the gastric fundus was checked fluoroscopically. The
polyvinyl tube was then connected to a programmable barostat device (Syn-
ectics Visceral Stimulator, Stockholm, Sweden). To unfold the bag, it was
inflated with a fixed volume of 300 ml of air for 2 minutes with the patient
in a recumbent position; again, the bag was deflated completely. The patient
was then positioned in a comfortable sitting position with the knees bent (80°)
and the trunk upright in a specifically designed bed. After a 30-minute
adaptation period, minimal distending pressure (MDP) was determined by
increasing intrabag pressure by 1 mm Hg every 3 minutes. The first pressure
level at which the volume exceeded 30 ml equilibrated the intra-abdominal
pressure (MDP). Subsequently, isobaric distensions were performed in step-
wise increments of 2 mm Hg starting from MDP, each lasting 2 minutes,
while the corresponding intragastric volume was recorded. The patient was
instructed to score his or her perception of upper abdominal sensations at the
end of every distending step using a graphic rating scale with verbal descrip-
tors on a scale graded 0 to 6. The endpoint of each sequence of distensions
was established at an intrabag volume of 1000 ml or when the patients
reported discomfort or pain (score of 5 or 6). After a 30-minute adaptation
period with the bag completely deflated, the pressure level was set at MDP
�2 mm Hg during at least 90 minutes. After 30 minutes, a liquid meal (200
ml, 300 kcal, 13% proteins, 48% carbohydrates, 39% lipids; Nutridrink,
Nutricia, Bornem, Belgium) was administered. Gastric tone measurement
continued for 60 minutes after the meal.

Data Analysis
For each 2-minute distending period, the intragastric volume was calcu-

lated by averaging the recording. Discomfort threshold was defined as the first
level of pressure and the corresponding volume that provoked a score of �5.
Pain threshold was defined as the first level of pressure and the corresponding
volume that evoked a score of 6, but this was only reached in 57% of the
patients (n � 79) because of intolerable discomfort at a score of 5. When we
classified this intolerable discomfort as pain, the results were similar to the
results on discomfort thresholds presented below (data not shown). Pressure
thresholds were expressed relative to MDP, because this has been reported to
be the most reliable measure (26). Hypersensitivity to gastric distension was
defined as a discomfort threshold of �8 mm Hg, based on previous studies
(6). Pressure-volume curves were obtained from stepwise distension. The
slope of this curve (obtained by linear regression) was used to quantify gastric
compliance, as this was previously shown to provide the best fit (26). Gastric
tone before and after administration of the meal was measured by calculation
of the mean balloon volume for consecutive 5-minute intervals. Meal-induced
gastric relaxation (gastric accommodation) was quantified as the difference
between the average volumes during 30 minutes before and 60 minutes after
administration of the meal.

Statistical Analysis
SAS 9.1 and SAS Enterprise Guide 3 statistical software (SAS Institute

Inc, Cary, NC) were used.
All data are presented as mean � standard deviation when normally

distributed and as median (interquartile range) when not normally distributed.
Significance level was set at 5%. If state and/or trait anxiety score was
missing in a patient, this patient was excluded from all analyses in which the
missing variable(s) was (were) used.

The normality of the distribution of all variables was checked using the
Shapiro-Wilk test. Depending on the distribution of the dependent variable,
hyper- and normosensitive subgroups were compared by two-tailed, two-
independent-sample Student’s t test or by nonparametric Wilcoxon Mann-
Whitney (WMW) test. To investigate the association between the categorical
variables, Pearson �2 statistics were used.

In the correlation analyses, Spearman’s � was used because most variables
were not normally distributed.

Using Proc GLM in SAS, multiple linear regression models were built
with discomfort threshold, pain threshold, compliance, or accommodation as
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the dependent variable. All models were adjusted for age and gender. Sensi-
tivity status, STAI-State score, STAI-Trait score, and sensitivity by STAI-
State interaction terms were entered into the models as independent variables.
Gender and sensitivity were used as dummy variables (gender: male � 1,
female � 0; sensitivity: normosensitive � 1, hypersensitive � 0). When
discomfort threshold or pain threshold was the dependent variable, sensitivity
and its interaction with STAI-State score was not entered into the model, as
sensitivity itself is defined based on the dependent variable discomfort thresh-
old. In these cases, separate correlational and regression analyses were done
in the normo- and hypersensitive subgroup to assess a putative differential
effect of anxiety on sensory thresholds in both subgroups. When one of the
assumptions underlying linear regression analysis was not met, the appropri-
ate transformations were done.

RESULTS
Patient Characteristics

A total of 178 patients with FD were asked to participate
after they were diagnosed with FD at the GI motility outpa-
tient clinic. There were no refusals to participate at the clinic
visit. However, 29 patients canceled their appointment after
this visit or did not show up for their appointment, allowing
149 barostat investigations to be performed. Unfortunately,
we were not able to obtain anxiety scores from the patients
who canceled their appointment or did not show up, as the
questionnaires had to be filled out on the day of the investi-
gation. In 10 patients, the procedure had to be stopped pre-
maturely as patients did not tolerate either the tube insertion or
had severe discomfort once the tube was in place. A total of
139 patients completed the study (Figure 1); 102 (73%) were
women; the mean age was 39.5 � 12.2 years; 53 (38%, 43
women) patients were hypersensitive to gastric distension.

The STAI-State scale, STAI-Trait scale, and HADS-A
were filled out correctly by 111 (80%) patients, 127 (92%)

patients, and 129 (93%) patients, respectively. The mean
STAI-State score was 42.7 � 8.7; the median STAI-Trait
score was 41.8 (35.5–49); and the median HADS-A score was
5 (3–9). A total of 43 (33%) patients had an HADS-A score of
�8, which is the optimal cut-off for “possible presence of
clinically significant anxiety” (24,27).

All 139 patients underwent the barostat investigation. Dis-
tensions were stopped at a gastric sensation score of 5 (dis-
comfort) or 6 (pain). In five (4%) patients, distensions had to
be stopped because of intolerance before a score of 5 was
reached. A total of 79 (57%) patients were able to tolerate
distensions until a score of 6 was reached (Figure 1). The
median discomfort threshold was 10 (8–12) mm Hg above
MDP and the median pain threshold was 12 (8–14) mm Hg
above MDP. The median compliance was 21.4 (9.4–38)
ml/mm Hg and the median accommodation was 108.7 (�2.4–
219.9) ml. Gastric compliance was significantly lower in
women (median 32.5 versus 47.3 ml/mm Hg; WMW test, z �
4.2; p � .0001). All the other pathophysiological and psycho-
logical variables did not differ significantly between men and
women.

Hypersensitive Versus Normosensitive Patients

The comparison between hypersensitive and normosensi-
tive patients is summarized in Table 1. There was no signif-
icant difference in age, STAI-State score, STAI-Trait score, or
HADS-A score between the two groups. A total of 18 (39%)
patients in the hypersensitive subgroup had an HADS-A score
of �8, which was slightly higher than in the whole patient
sample (33%). There was a trend toward an association be-
tween hypersensitivity and female gender (Pearson �2 test,
df � 1; �2 � 2.63; p � .10). Gastric compliance was signif-
icantly lower in the hypersensitive subgroup (median 8.5
versus 33.8 ml/mm Hg; WMW test, z � �7.5; p � .0001),
whereas gastric accommodation did not differ significantly
between both groups (median 109.6 versus 106.6 ml; WMW
test, z � �0.31; p � .76).

Univariate Correlations and Multiple Linear
Regression in the Whole Patient Group

In univariate correlation analysis, we correlated STAI-State
score and STAI-Trait score on one hand with discomfort
threshold, pain threshold, compliance, and accommodation on
the other hand. No significant correlations were found.

Accommodation

A multiple linear regression model (adjusted for age and
gender) with gastric accommodation as the dependent variable
and sensitivity status, STAI-State score, STAI-Trait score, and
a sensitivity by STAI-State interaction term as independent
variables, was not found to be significant.

Compliance

The results of a similar model with gastric compliance as
the dependent variable are summarized in Table 2.

Figure 1. Patient participation flowchart. FD � functional dyspepsia; GI �
gastrointestinal.
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The significant sensitivity by STAI-State interaction term
indicates a significant negative relationship between STAI-
State score and gastric compliance in hypersensitive but not in
normosensitive patients.

Discomfort and Pain Threshold

In the regression analyses with discomfort threshold and
pain threshold as dependent variable, sensitivity and its inter-
action term with STAI-State score were not entered into the
model for reasons described in Materials and Methods. No
significant model was obtained.

Separate correlational and regression analyses were done in
the normo- and hypersensitive subgroup to assess a putative
differential effect of anxiety on sensory thresholds according
to sensitivity status.

Univariate Correlations and Multiple Linear
Regression in Hypersensitive Patients

When univariate correlation analyses were performed in
the hypersensitive subgroup only, significant negative corre-
lations were found between STAI-State score and discomfort

threshold (� � �0.49; p � .001), pain threshold (� � �0.48;
p � .02), and compliance (� � �0.46; p � .002).

Discomfort Threshold

Thirty-eight patients could be included in this analysis, i.e.,
they did not have any missing values for one of the variables.
Because the dependent variable discomfort threshold has only
four response levels in the hypersensitive subgroup (2, 4, 6,
and 8 mm Hg), a cumulative logit logistic regression model
for ordinal responses was used, adjusted for age and gender,
with STAI-State score and STAI-Trait score as independent
variables.

The results of the analysis are summarized in Table 3,
showing that higher STAI-State score was significantly asso-
ciated with lower discomfort threshold.

Pain Threshold

The results of the linear regression analysis with pain
threshold as the dependent variable are summarized in Table
4. In summary, a significant negative relationship between
state anxiety levels and pain thresholds was found. However,
the power of this analysis was limited by the small number of
observations available (n � 23, missing values for pain thresh-
olds and, to a far lesser extent, anxiety measures).

TABLE 1. Comparison Between Hyper- and Normosensitive Patients

Hypersensitive Normosensitive Difference

n 53 86
Gender (female/male) 43/10 59/27 p � .1c

Age, year (range) 39 (27–44) 40 (31–49) NSa

STAI-State score (median IQR) 44 (37–46.5) 43.5 (37.5–49) NSa

STAI-Trait score (median IQR) 41 (33.5–47) 41 (32–52) NSb

HADS-A score (median IQR) 6 (3–9) 5 (3–8) NSb

Compliance (median IQR) 8.5 ml/mm Hg (3.5–14.8) 34.4 ml/mm Hg (21.1–43.5) p � .0001b

Accommodation (median IQR) 109.6 ml (�0.3–187.8) 106.6 ml (�11–235.3) NSb

STAI � State-Trait Anxiety Inventory; IQR � interquartile range; HADS-A � Hospital Anxiety and Depression Scale-Anxiety subscale.
a Two-tailed, two-independent-sample Student’s t test.
b Wilcoxon Mann-Whitney test.
c Pearson �2 test.

TABLE 2. Multiple Linear Regression Analysis Predicting
Compliance (Whole Patient Group, n � 104)

Variable B SE (B) p

Age �0.004 0.01 0.72
Gendera 1.1 0.3 0.001
Sensitivityb �1.5 1.5 0.33
STAI-State scorec �0.07 0.03 0.01
STAI-Trait score 0.004 0.02 0.79
STAI-State score* sensitivity 0.09 0.03 0.01

STAI � State-Trait Anxiety Inventory.
Model F � 154.1; R2 � 0.47, p � .0001. A square root transformation on
compliance was performed to meet the assumption of normally distributed
residuals.
a Female � 0, male � 1.
b Hypersensitive � 0, normosensitive � 1.
c Due to the presence of the significant interaction term in the model, this term
indicates the significant relationship between STAI-State score and compli-
ance in hypersensitive patients only; the estimate B for the effect of STAI-
State score in normosensitive patients is (�0.07 � 0.09) � 0.02, SE 0.02, p �
.47, indicating no relationship in normosensitive patients.

TABLE 3. Multiple Logistic Regression Analysis Predicting
Discomfort Threshold (Hypersensitive Patient Group, n � 38)

Variable B SE (B) p OR (95% CI)

Age 0.01 0.03 .82 1.01 (0.95–1.07)
Gendera �1.42 0.83 .09 0.24 (0.05–1.2)
STAI-State score 0.11 0.04 .007 1.1c (1.03–1.21)
STAI-Trait score �0.001 0.04 .97 0.99 (0.93–1.07)

STAI � State-Trait Anxiety Inventory; OR � odds ratio; CI � confidence
interval.
Cumulative logit logistic regression model, probabilities modeled are cumu-
lated over the lower ordered values. Likelihood ratio test for global null
hypothesis (� � 0): �2 � 13.5; p � .009; c � 0.77. Proportional odds
assumption fitted the data well (�2 � 9.8; p � .28). Deviance goodness-of-fit
statistics showed good fit (p � .96).
a Female � 0, male � 1.
c Adjusted OR for 5 units of change in STAI-State score 1.8 (1.2–2.7).
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Compliance

Forty-one patients could be included in this analysis. To
confirm the result of the linear regression on compliance in the
whole patient sample, the analysis was repeated in the hyper-
sensitive subgroup (without the interaction term). The results
are shown in Table 5, confirming a negative relationship
between state anxiety levels and gastric compliance in the
hypersensitive subgroup.

Scatter plots with regression line highlighting the different
relationship between state anxiety and compliance in the
whole patient group and the normo- and hypersensitive sub-
groups are shown in Figures 2, 3, and 4.

DISCUSSION
Anxiety Scores

Using the HADS-A, we found that 33% of patients pre-
sented with “possibly clinically relevant anxiety.” This finding
is in line with previous reports on comorbidity of anxiety and
FD, although higher percentages have been reported, espe-
cially in tertiary care samples (28,29).

STAI-State and STAI-Trait scores were significantly in-
creased when compared with the norms for the general Dutch
population (22) (Table 6). However, it should be mentioned
that these norms apply to nonstressful circumstances, whereas
the patients in the present study filled out the STAI-State scale
immediately before and after a barostat investigation. Further-
more, STAI-Trait scores were not significantly different from
a sample of Dutch medical patients, and both STAI-State and
STAI-Trait scores were significantly lower compared with a
sample of Dutch psychiatric outpatients (22) (Table 6). Fi-
nally, the STAI scores in our patient sample were comparable

TABLE 4. Multiple Linear Regression Analysis Predicting Pain
Threshold (Hypersensitive Patient Group, n � 23)

Variable B SE (B) p

Age �0.03 0.07 .63
Gendera 3.4 1.92 .09
STAI-State score �0.18 0.08 .04
STAI-Trait score 0.08 0.07 .22

Model F � 27.9, R2 � 0.36, p � .0001.
a Female � 0, male � 1.

TABLE 5. Multiple Linear Regression Analysis Predicting
Compliance (Hypersensitive Patient Group, n � 41)

Variable B SE (B) p

Age �0.03 0.02 .24
Gendera 0.41 0.64 .52
STAI-State score �0.07 0.03 .04
STAI-Trait score �0.005 0.03 .87

STAI � State-Trait Anxiety Inventory.
Model F � 28.8; R2 � 0.20; p � .0001. A square root transformation on
compliance was performed to meet the assumption of normally distributed
residuals.
a Female � 0, male � 1.

Figure 2. Scatter plot of STAI-State score versus SQRT compliance (whole
patient group). STAI-State � State-Trait Anxiety Inventory; SQRT � square
root.

Figure 3. Scatter plot of STAI-State score versus SQRT compliance (nor-
mosensitive patients). STAI-State � State-Trait Anxiety Inventory; SQRT �
square root.

Figure 4. Scatter plot of STAI-State score versus SQRT compliance (hy-
persensitive patients). STAI-State � State-Trait Anxiety Inventory; SQRT �
square root.
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with those found for a nonconsulting subgroup of dyspeptic
subjects in a study from Hong Kong, but lower than in the
consulting subgroup of patients with FD in the same study
(12) (Table 6). Taken together, the anxiety scores in the
present study are lower than expected in a tertiary care pop-
ulation based on previous literature.

Relationship Between Anxiety and Gastric
Sensorimotor Function

Previous basic and clinical studies suggest a potential re-
lationship between anxiety and hypersensitivity to gastric dis-
tension. In the present study, STAI-State, STAI-Trait scores,
and HADS-A scores did not differ significantly among pa-
tients with hypersensitive and normosensitive FD. However,
multiple linear regression indicated a different relationship
between anxiety and gastric sensorimotor function in hyper-
sensitive compared with normosensitive patients. In other
words, the effect of anxiety on gastric sensorimotor function is
moderated by gastric sensitivity status. A separate analysis
within the subgroup of patients with hypersensitive FD dem-
onstrated a significant negative relationship between STAI-
State score, on the one hand, and discomfort threshold, pain
threshold, and compliance, on the other hand. Thus, higher
levels of state anxiety predict lower discomfort and pain
thresholds and lower compliance in this group. These results
indicate that higher levels of anxiety are not associated with
hypersensitivity per se, but that state anxiety might be impor-
tantly related to gastric sensorimotor function within the hy-
persensitive subgroup.

Study Limitations

We should address some important limitations to this
study. First, this is a cross-sectional study, which does not
allow us to draw conclusions on causality of observed asso-
ciations.

Second, the patient population consists of patients with FD,
who were consecutively recruited from a tertiary care center,
thereby limiting the generalizability of the results toward other
populations of patients with FD. Moreover, as patients were
recruited consecutively, they reflect the average tertiary care
patients with FD and were therefore heterogeneous in terms of
onset and course of illness, psychiatric comorbidity, previous
medication use, etc. (2).

Third, the measurement of anxiety is based on self-report
measures only, without inclusion of objective measures (e.g.,
heart rate). On the other hand, the questionnaires we used have
been extensively investigated and shown to be reliable and
valid (22,27).

Fourth, only measures of “general” anxiety were used, but
not measures of somatic symptom-“specific” anxiety, which
might be more closely related to visceral sensitivity.

Putative Mechanisms Underlying the Relationship
Between Anxiety and Gastric Sensorimotor Function

To our knowledge, this is the first study that assesses the
link between self-reported anxiety levels and gastric sensori-
motor function in patients with FD. As no association was
found in the whole patient group, we may speculate that
anxiety and gastric sensorimotor function in FD are linked by
a common (genetic) disposition rather than directly related.
There is, for example, growing evidence for a role of serotonin
transporter polymorphisms in both GI function and anxiety
regulation, in health as well as disease (FGID, anxiety disor-
ders) (30,31).

However, the significant negative relationship between
STAI-State scores, on the one hand, and gastric sensitivity
(discomfort and pain thresholds) and motor function (compli-
ance), on the other hand, in the hypersensitive subgroup,
might provide evidence for the hypothesis that anxiety is
playing a more direct role in at least subgroups of F(GI)D
patients (9,10). Putative mechanisms underlying this relation-
ship are described below. It remains, however, unclear why an
association between anxiety levels and gastric sensorimotor
function was found in the hypersensitive subgroup only. It can
be speculated that differences in functioning of the psychobio-
logical systems account for the differential relationship
between anxiety and gastric sensorimotor function in hyper-
sensitive compared with normosensitive patients.

The correlation between anxiety levels and gastric thresh-
olds for discomfort and pain could be explained by several
forms of psychological bias. Hyperarousal (preattentive
hyperresponsiveness) and hypervigilance (attentive hyperre-
sponsiveness) toward potentially threatening stimuli (includ-
ing interoceptive stimuli) is an important feature of anxiety
(32). This might be associated with a tendency to report
symptoms at lower levels of stimulation. Moreover, hyper-

TABLE 6. Comparison of Anxiety Scores Between the Present Study, Dutch Norms, and a Previously Published Study in FD

Mean � SDa General
Populationb

Medical
Patientsb

Psychiatric
Outpatientsb

FD
Non-Consultersc

FD
Consultersc

STAI-State score 42.7 � 8.7 37.6 50.5 43.4 � 7 50.8 � 6.8
p � .0001 p � .0001 p � .42 p � .0001

STAI-Trait score 41.2 � 9.8 38.3 40.6 51.8
p � .0004 p � .22 p � .0001

FD � functional dyspepsia; SD � standard deviation; STAI � State-Trait Anxiety Inventory.
a Present study.
b Dutch norms (22).
c From the study of Barlow et al. (32).
Mean scores from this study were compared with the norms (22) or the scores (12) using one-sample Student’s t tests.
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arousal, hypervigilance, and/or GI-specific anxiety are impor-
tant features of (the hypersensitive subgroup of) patients with
FGID (9,33), although this was not specifically addressed in
this study. It is important to note that these mechanisms should
not be seen as being purely psychological, as we are starting
to unravel their neurobiological correlates (9,34).

However, it seems unlikely that the relationship between
anxiety levels and gastric compliance can be explained in
psychological terms only. There are several ways by which
emotional feelings (mental states, including acute anxiety) and
underlying emotional states (central and peripheral neurobio-
logical responses underlying these mental states) can influ-
ence visceral functions, including gastric sensory and motor
function (9,16,35). Autonomic nervous system (ANS) and
neuroendocrine responses, mainly generated by the “emo-
tional motor system” (EMS), as described by Mayer and
associates (9), are part of anxiety states (36–38). The para-
ventricular nucleus of the hypothalamus, the periaqueductal
grey (PAG) and the amygdale, are the key structures in this
system (7,9). The EMS is part of a larger CNS network
involved in anxiety regulation (36–39), receiving input from
cortical structures involved in both emotion generation/regu-
lation and visceral motor function, including the anterior cin-
gulate gyrus, insula, and prefrontal cortex (7,9,36,38,39).
EMS structures have connections with brain stem nuclei that
control arousal (for example, from the amygdala to the nor-
adrenergic locus coeruleus (LC)) and autonomic nuclei in-
cluding the motor nucleus of the vagus nerve (7,9,10). The LC
is crucially involved in the anxiety state (through ascending
noradrenergic projections) and in the regulation of GI re-
sponses (through connections to ANS nuclei) (9,10,36). Ex-
perimentally induced anxiety and anxiety disorders are
associated with altered autonomic output, especially low para-
sympathetic (vagal) tone (15,32,40–43). In FD, low efferent
vagal tone has been observed in several studies and has been
proposed as the mediating mechanism between psychosocial
factors and gastric pathophysiology (44–47). Simultaneous
with ANS responses, the neuroendocrine response (activation
of the hypothalamo-pituitary-adrenal (HPA) axis through the
EMS—production of corticotropin-releasing factor and corti-
sol), which is associated with the acute anxiety state, might
also alter gastric sensorimotor function (9,10,36,48). These
efferent signals, which are known to be part of the anxiety
state, might explain the negative correlation between the sub-
jective anxiety and gastric compliance in patients with hyper-
sensitive FD in our study. Testing this hypothesis, however,
falls beyond the scope of this study and would require addi-
tional studies involving measurement of autonomic tone or
HPA axis activity.

Furthermore, there is growing evidence that anxiety may
influence the processing of visceral afferent information and
the generation of endogenous antinociceptive responses
(7,9,16,49). This might provide an explanation for the nega-
tive relationship between discomfort and pain thresholds and
STAI-State score in patients with hypersensitive FD as found
in the present study, complementary to the explanation based

on anticipatory and/or attentional mechanisms stated above.
The output of the EMS modulates the amount of (visceral)
sensory information that reaches supraspinal centers at the
level of both brainstem nuclei (nucleus of the solitary tract)
and the dorsal horn of the spinal cord either directly or through
the LC or rostral ventral medulla) (7,9,10,16,49). Again, test-
ing these neurobiological hypotheses is beyond the scope of
this study.

Anxiety is a complex, broad concept that can be defined
and measured in several ways, and needs to be distinguished
from fear. Anxiety and fear differ phenomenologically as well
as neurobiologically, although both terms are often used in-
correctly interchangeably (32,50). Barlow et al. (32) defined
anxiety as a cognitive-affective structure composed of three
key components: a future-oriented negative affective state
(sense of uncontrollability focused on possible future negative
events), a state of self-focused attention (especially focused on
one’s (inadequate) capabilities to deal with the threat, and
preparedness to attempt to cope with upcoming events. Fear,
on the contrary, is more stimulus-bound and limited in time;
fear is conceptualized by Barlow et al. (32) as a distinct basic
emotion that is fundamentally a behavioral act, characterized
by the fight or flight response. The neurobiology underlying
fear and anxiety is different (32,51), and they have divergent
effects on somatic pain thresholds (52).

We used the STAI-State and STAI-Trait scales to measure
anxiety. The STAI-State scale consists of 20 items asking the
respondent how he or she feels at that particular moment in
time, whereas the STAI-Trait scale asks people to describe
how they generally feel (21–23). The definition of state anx-
iety by Spielberger and colleagues (21) shows considerable
overlap with the anxiety definition by Barlow et al. (32),
confirming that the STAI-State scale measures acute anxiety
rather than fear (18). Moreover, the context of a barostat
investigation can be seen as a case of uncertain expectation of
an aversive event, which is associated with anxiety rather than
fear (53). Thus, the negative relationship between STAI-State
score and discomfort and pain thresholds in patients with
hypersensitive FD that we observed is in line with the study by
Rhudy and Meagher, who found lower somatic pain thresh-
olds in healthy volunteers during anxiety as induced by
uncertain expectation of pain (52). Certain expectation of
aversive events, on the contrary, is associated with fear rather
than anxiety and with somatic hypoalgesia (52,53). Further-
more, the negative relationship between state anxiety and
gastric compliance in the present study is in line with the
finding that experimentally induced anxiety is associated
with significantly lower gastric compliance in healthy vol-
unteers (20).

The STAI-Trait scale measures relatively stable individual
differences in “anxiety proneness,” that is, “differences be-
tween people in the tendency to perceive situations as threat-
ening and to respond to them with elevations in state anxiety”
(21–23,54). There is growing evidence that patients with
FGID are hypervigilant to visceral cues, which are perceived
as threatening and provoke anxiety (9,33). Thus, it is conceiv-
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able that more specific kinds of anxiety, focused on intero-
ceptive cues, might be more important in FD than the anxiety
proneness and resultant increases in general state anxiety, as
measured by the STAI-Trait and STAI-State scales, respec-
tively. This might explain why we did not find a significant
relationship between STAI-Trait scores and gastric sensori-
motor function or an association between STAI-State scores
and visceral sensitivity in the whole patient group. It is
possible that the Anxiety Sensitivity Index (ASI) (55), a
questionnaire that measures people’s tendency to perceive
innocuous interoceptive stimuli as harmful or threatening, is
more related to gastric sensory and motor function in FD than
STAI-State and STAI-Trait scores. Anxiety sensitivity is dis-
tinct from trait anxiety (19,56) and patients with FD have
higher ASI scores (28). However, the ASI mainly addresses
fear of cardiac and respiratory symptoms (55). Recently,
Labus et al. developed and validated the visceral sensitivity
index (VSI) which aims at measuring GI-specific anxiety (33).
Investigating the relationship between VSI scores and GI
sensorimotor function in FGID might provide further insight
into the complex interaction between anxiety and GI function
in health and disease.
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