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Abstract
Background: Confirming treatment response in clinical trials for irritable bowel syn‐
drome (IBS) is challenging, due to the lack of biomarkers and limitations of the currently 
available symptom assessment tools. The Experience Sampling Method (ESM) might 
overcome these limitations by collecting digital assessments randomly and repeatedly 
during daily life. This study evaluated differences in change in abdominal pain between 
real‐time (ie, ESM) and retrospective (ie, Gastrointestinal Symptom Rating Scale [GSRS] 
and an end‐of‐day symptom diary) measurements, using data of an RCT on escitalopram 
vs placebo in patients with IBS and comorbid panic disorder.
Methods: Twenty‐nine IBS patients with comorbid panic disorder were included in a 
6‐month RCT. The GSRS, diary, and ESM were completed at baseline (t = 0) and after 
3 (t = 3) and 6 months (t = 6). Linear mixed models were used.
Key results: Experience Sampling Method analyses revealed a significant interaction 
between escitalopram and time, and ESM abdominal pain scores were 1.4 points 
lower in the escitalopram group compared to placebo at t = 6 (on a 1‐to‐7 scale; 
P = 0.021). When including the interaction with momentary anxiety, the reduction in 
abdominal pain scores in escitalopram vs placebo was even more pronounced for 
higher levels of anxiety. Average GSRS‐ and end‐of‐day abdominal pain scores were 
not significantly different between escitalopram and placebo at t = 3 and 6.
Conclusions & Inferences: Real‐time ESM has the potential to capture treatment re‐
sponse more sensitively compared to a retrospective end‐of‐day GI symptom diary and 
the GSRS, by taking into account day‐to‐day symptom variability as well as momentary 
factors that might moderate treatment effect, such as anxiety.
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1  | INTRODUC TION

The main challenge in the management of Irritable Bowel Syndrome 
(IBS) is the selection of a suitable therapy for the individual patient. 
Overall, the efficacy of most available treatments is modest, the pa‐
tient population is heterogeneous, and the pathophysiology of IBS 
is multifactorial and incompletely understood, limiting the develop‐
ment of new treatments. Furthermore, due to the lack of biomark‐
ers and limitations of the currently available symptom assessment 
tools, confirming treatment response for new and existing therapies 
in clinical trials remains challenging.

Sensitive tools for symptom assessment are crucial in the eval‐
uation of treatment effect in IBS populations.1 Drug regulatory 
authorities, both in USA and Europe, recommend the use of end‐
of‐day symptom scores for evaluation of treatment efficacy in IBS. 
However, it is well‐known that such retrospective (ie, end‐of‐day), 
self‐reported measurements have important limitations, such as 
recall and ecological biases.2,3 We have previously demonstrated 
possible advantages of real‐time symptom assessment, using the 
Experience Sampling Method (ESM) compared to end‐of‐day re‐
porting.4 The ESM is an electronic assessment method, which 
collects data repeatedly at random moments over the day, during 
several consecutive days. The assessments focus on the in‐the‐
moment physical and mental state of the subject, in the natural 
environment.3,5 Considerable differences between real‐time and 
end‐of‐day abdominal pain scores were demonstrated in a cross‐
sectional study, raising the question of whether real‐time symptom 
assessment may be superior to retrospective methods in the detec‐
tion of treatment response in IBS patients.6 It is expected that ESM 
shows an increased sensitivity to detect within‐subject change over 
time, as a result of, among other things, repeated data collection.7-9

Irritable bowel syndrome is defined as a disorder of gut‐brain in‐
teraction10 with alterations in serotonin metabolism as a presumed 
key pathophysiological factor.11-13 Antidepressants have been utilized 
in the treatment of IBS for many years. With regard to the efficacy of 
antidepressants in IBS, global symptom improvement and increased 
quality of life as well as a reduction in abdominal pain have been 
demonstrated for tricyclic antidepressants (TCAs), but not for selec‐
tive serotonin reuptake inhibitors (SSRIs).14,15 Furthermore, overlap 
between IBS and psychiatric disorders is common in daily practice16-18 
and IBS patients with psychological comorbidities may constitute the 
IBS subgroup most prone to respond to neuromodulating therapy.

In our tertiary referral center, the prevalence of comorbid panic dis‐
order in IBS patients is high (up to 50% of this population).19 According 
to current guidelines for management of anxiety disorders, the first‐
choice treatment for panic disorder is SSRIs.20,21 However, it is not 
known whether IBS patients with panic disorder benefit from SSRIs 
with regard to their IBS symptoms and whether anxiety might moder‐
ate treatment response. Therefore, the current randomized controlled 
trial was developed to examine the effect of the SSRI escitalopram on 
abdominal pain in IBS patients, diagnosed with comorbid panic disor‐
der. However, due to slow patient inclusion rates, the study has been 

prematurely ended. Since the originally intended sample size was not 
achieved, a firm conclusion on the efficacy of SSRIs in IBS with panic 
disorder cannot be drawn. Nevertheless, as both real‐time and ret‐
rospective patient‐reported symptom scores were collected before, 
during, and after the treatment period, the data are suitable to compare 
treatment response measurements between ESM and retrospective 
symptom reports.

The primary objective of the current study was to evaluate differ‐
ences in change in abdominal pain by use of real‐time (ie, ESM) and 
retrospective (ie, Gastrointestinal Symptom Rating Scale [GSRS] and 
an end‐of‐day symptom diary) symptom assessment methods, in the 
escitalopram treatment group vs the placebo group after, respectively, 
3 and 6 months of treatment, in patients with IBS and comorbid panic 
disorder. Secondary, we aimed to evaluate the modulating effects of 
psychological comorbidity, that is, anxiety, on the effect of escitalopram 
on abdominal pain, by using ESM.

2  | MATERIAL S AND METHODS

2.1 | Study design

The current study uses data of a single‐center, double‐blind, paral‐
lel‐group, randomized controlled trial of escitalopram vs placebo 
for patients with IBS and comorbid panic disorder. The study 
protocol was approved in 2011 by the medical‐ethics committee 
of Maastricht University Medical Centre (MUMC), Maastricht, 
the Netherlands, and was registered in the US National Library 
of Medicine (https://www.clinicaltrials.gov, NCT01551225). The 
study was executed according to the principles of the revised 
Declaration of Helsinki (59th WMA General Assembly, Seoul, 
Republic of Korea, October 2008). All subjects gave their written 
informed consent prior to participation.

Key Points

•	 Differences between real‐time and retrospective symp‐
tom reports have been demonstrated cross‐sectionally 
in irritable bowel syndrome (IBS). This study evaluated 
differences in treatment evaluation between these 
methods.

•	 The real‐time Experience Sampling Method (ESM) dem‐
onstrated a decrease in abdominal pain after 6 months 
of escitalopram treatment, related to anxiety, whereas 
retrospective methods could not find a difference be‐
tween escitalopram and placebo.

•	 ESM potentially captures treatment response more sen‐
sitively than retrospective reports, by taking into ac‐
count day‐to‐day symptom variability and 
treatment‐modulating momentary factors.

https://www.clinicaltrials.gov
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2.2 | Study participants and medication

Study participants were recruited between February 2012 and June 
2016, via the MUMC’s outpatient clinics of Gastroenterology and the 
Med‐Psych‐Centre. The latter is a secondary/tertiary outpatient clinic 
for the combined consultation of a gastroenterologist and a hospi‐
tal‐psychiatrist, delivering integrated care. Subjects aged 18‐70 years, 
clinically diagnosed with IBS and comorbid panic disorder, were con‐
sidered eligible. IBS was diagnosed by a gastroenterologist (JK) using 
the Rome III criteria22,23 and, if indicated, GI endoscopy, abdominal 
imaging, and/or blood, breath or fecal analyses were performed to ex‐
clude organic GI diseases. The presence of a comorbid panic disorder 
was diagnosed by a psychiatrist (CL) using the DSM‐IV‐TR criteria and 
the Mini‐International‐Neuropsychiatric‐Interview.24 Details on exclu‐
sion criteria and subject monitoring during the trial are described in 
Supporting Information 1.

Included subjects were randomly assigned to one of the two treat‐
ment groups (ie, escitalopram or placebo) in a 1:1 ratio and started 
with an initial dose of study medication of 5 mg once a day. This was 
increased to 10 mg once daily after the first week and could be grad‐
ually increased to a maximum of 20 mg once daily, depending on the 
individual response to treatment in terms of self‐reported symptom 
improvement. Further information on randomization procedures and 
study medication can be found in Supporting Information 1.

2.3 | Study procedures

Three standardized measurement moments, that is, baseline (t = 0), 
after three months (t = 3), and after 6 months (t = 6), were implemented 
in the six‐month study period. At baseline, questionnaires were com‐
pleted on demographics, lifestyle, and medication use. At baseline and 
the two follow‐up moments, validated retrospective symptom ques‐
tionnaires, a 14‐day end‐of‐day symptom diary, and a 7‐day ESM period 
were completed.

2.3.1 | Symptom questionnaires

Validated questionnaires that were completed at baseline and after 
3 and 6 months included the Gastrointestinal Symptom Rating Scale 
(GSRS) and the Rand 36‐item Short‐Form Health Survey (SF‐36). The 
GSRS is a 15‐item self‐reported scale, evaluating GI symptom sever‐
ity based on a single measurement, with a recall period of one week. 
All individual items are scored on a 7‐point Likert scale (1 = not at all 
to 7 = extremely) and are subsequently clustered into five domains 
(abdominal pain, reflux, indigestion, diarrhea, and constipation); higher 
scores indicate more severe symptoms.25,26 The SF‐36 was used to 
evaluate general quality of life, resulting in a score for physical (PCS) 
as well as mental (MCS) quality of life (ie, higher scores indicate better 
quality of life).27,28

2.3.2 | Symptom diary

A 14‐day end‐of‐day symptom diary was used to evaluate GI symp‐
tom severity on a daily basis over 14 consecutive days. GI symptoms 

(ie, abdominal pain, abdominal discomfort, abdominal bloating, flatu‐
lence, constipation, and diarrhea) were scored using a 5‐point Likert 
scale (1 = not at all to 5 = extremely) at the end of each day, so con‐
sidering a recall period of one day.

2.3.3 | Experience Sampling Method

On seven consecutive days during the 14‐day diary period, the elec‐
tronic ESM was used for momentary assessment of GI symptoms 
and the in‐the‐moment affective state. ESM assessments were per‐
formed on a palmtop computer; the device sent out an auditory sig‐
nal (“beep”) at 10 random moments between 7.30 am and 10.30 pm, 
and subjects completed an electronic questionnaire following each 
beep. The ESM‐questionnaire was repeated in the same order at all 
measurement moments, and all questions were scored by using a 7‐
point Likert scale (1 = not at all to 7 = extremely). In contrast to the 
retrospective symptom questionnaires and end‐of‐day diary, there is 
no recall but ESM measures real‐time experiences.

2.4 | Statistical analyses

All analyses were performed using Stata, version 13.1 (Stata 
Corporation, College Station, TX, 2009). Baseline demographical 
characteristics and symptom severity scores are presented as medi‐
ans (Q1; Q3) for continuous data and as proportions for categorical 
data. The primary outcome measures were abdominal pain severity, 
as measured by using the ESM, the end‐of‐day symptom diary, and 
the abdominal pain‐domain of the GSRS (GSRS‐AP). ESM and end‐
of‐day diary data had a three‐level structure (level 1: repeated meas‐
urements at each ESM assessment [ESM] and at the end of each day 
[diary], respectively; level 2: time [t = 0, 3, 6]; level 3: subject); GSRS 
data had a two‐level structure (level 1: time [t = 0, 3, 6]; level 2: sub‐
ject). The primary ESM analysis included all ESM data of the subjects 
that completed three valid ESM periods (ie, at least 23 out of 70 [1/3] 
assessments per period). This rule of thumb for validity of ESM pe‐
riods has been common standard in ESM protocols, in order to take 
into account the fact that including data of subjects that complete 
too few assessments, may distort overall study findings.29,30 An ESM 
sensitivity analysis included all subjects that collected ESM data at 
all three measurement moments. All analyses with end‐of‐day diary 
or GSRS as the outcome measure included all subjects that collected 
data at the three measurement moments (ie, excluding two drop‐
outs). A P‐value of 0.05 was considered statistically significant.

Change in abdominal pain

To analyze whether the change in abdominal pain over time was 
different in escitalopram compared to placebo, mixed linear mod‐
els with unstructured covariance, random slopes for treatment 
and time, and including the treatment*time interaction were used. 
Separate models were used for the three different assessment 
methods, with abdominal pain scores (ie, ESM, end‐of‐day diary, 
and GSRS) as the dependent variable. All main effects were included 
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as a random slope, however, in some models, the random slope for 
time and/or treatment had to be removed because the model did 
not reach conversion. All non‐significant interaction terms (α = 0.05) 
were removed from the models top‐down. Regression coefficients in 
each strata were obtained by using the Stata lincom post‐estimation 
command in the final models.

In order to evaluate a possible modulating effect of anxiety, anxi‐
ety scores were additionally included in the model with ESM abdomi‐
nal pain scores as the dependent variable. Both two‐way interactions 
anxiety*escitalopram, anxiety*time, and escitalopram*time, and the 
three‐way interaction anxiety*escitalopram*time as well as the main 
effect of anxiety were included. Momentary anxiety scores assessed 

using ESM (on a 1‐to‐7 point scale) were used. Using the Stata post‐
estimation command lincom, regression coefficients are shown for 
scores 1 (no anxiety), 2 (low anxiety), 3 (mild anxiety), and 4 (moderate 
anxiety), as subjects did not frequently score anxiety higher than 4.

2.4.1 | Sample size

We originally intended to include 80 subjects (ie, 40 in each group) 
in this RCT, aiming to evaluate the effect of escitalopram vs placebo 
on abdominal pain in IBS patients with comorbid panic disorder. 
However, patient inclusion rate remained lower than expected and 
the study was prematurely ended with group sizes of 15 and 14 for 

F I G U R E  1  Flow chart of subject enrollment
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escitalopram and placebo, respectively. Therefore, we cannot draw 
a firm conclusion on the efficacy of escitalopram, but we here ex‐
ploratory describe differences in the measurement of treatment re‐
sponse between real‐time and retrospective assessment methods.

3  | RESULTS

3.1 | Study population

During the enrollment period, 215 IBS patients with comorbid panic 
disorder were screened for eligibility, of whom twenty‐nine (13.5%) 
were included in the study (see Figure 1). Twenty‐one (72.4%) were 
female, and the median age was 37 years (IQR: 24‐49). IBS subtype 
distribution was as follows: 12 diarrhea‐predominant (IBS‐D), five 
constipation‐predominant (IBS‐C), and 12 mixed type (IBS‐M).

Fifteen subjects were randomized to the escitalopram group (12 
female [80.0%]; median age 39 years) and 14 to the placebo group 
(nine female [64.3%]; median age 25.5 years). Abdominal symptom 
scores at baseline, according to the GSRS and end‐of‐day symptom 
diary, were similar in both groups, just as the SF‐36 scores. Baseline 
characteristics are shown in Table 1. Two subjects (6.9%; both from 
the escitalopram group) dropped out before t = 3 months, for rea‐
sons of unplanned pregnancy (n = 1) and development of ECG ab‐
normalities on routine ECG before dose elevation of escitalopram 
(n = 1). Since the primary aim of the current study was not to evalu‐
ate the effect of escitalopram vs placebo, but to compare outcomes 
of different methods for treatment response measurement, these 
two subjects with incomplete data were not included in the analyses.

Of the total study population, fifteen subjects (51.7%; six  
escitalopram, nine placebo) completed a valid number of ESM as‐
sessments (ie, at least 23 out of 70 assessments per period) at all 
three time points. The data of these subjects were used for the pri‐
mary ESM analysis. Baseline characteristics of this subgroup were 
comparable to those of the total study population. Information on 
side effects during the trial can be found in Supporting Information 1.

3.2 | Evaluation of treatment response using ESM

Twenty‐one subjects (72.4%) agreed to complete the ESM ques‐
tionnaires, of whom 15 (71.4%) collected a valid number of as‐
sessments (ie, at least 23 out of 70 assessments per period) at 
all three time points. In the primary ESM analysis including ESM 
data of these 15 subjects, a significant two‐way interaction 
escitalopram*time was found (χ2: 101.22, df = 2, P < 0.001), re‐
vealing that abdominal pain decreased more over time in the esci‐
talopram group than the placebo group. Furthermore, the lincom 
post‐estimation command showed that abdominal pain scores 
were significantly lower in the escitalopram group compared to 
placebo at t = 6 (B = −1.425, P = 0.021; on a 1‐to‐7 scale). In the 
ESM sensitivity analysis, including data from all 19 subjects that 
completed ESM, the two‐way interaction was significant as well 
(χ2: 31.08, df = 2, P <0.001), but abdominal pain scores were not 
significantly different between escitalopram and placebo at t = 3 
(B = −0.280, P = 0.631) and t = 6 (B = −0.783, P = 0.181) (Table 2). 
Mean ESM abdominal pain scores for escitalopram and placebo 
at all three time points are shown in Figure 2. The differences in 
change in abdominal pain scores between escitalopram and pla‐
cebo at t = 3 and 6 months are shown in Table 2.

3.2.1 | Interaction with anxiety

Additionally, anxiety levels were also included in this model. The 
three‐way interaction anxiety*escitalopram*time was revealed not 
statistically significant (χ2: 4.45, df = 2, P = 0.108). However, since we 
a priori expected a limited power to show this interaction, we per‐
formed the lincom post‐estimation command to obtain the regres‐
sion coefficients for the different strata despite the p‐value above 

TA B L E  1   Demographical and clinical patient characteristics for 
escitalopram and placebo treatment groups, at baseline (t = 0)

Baseline, t = 0

Escitalopram 
(n = 15) Placebo (n = 14)

Female sex, n (%) 12 (80.0) 9 (64.3)

Age, median (Q1; Q3) 39.00 (25.00; 55.00) 25.50 (23.00; 46.00)

BMI, median (Q1; Q3) 26.93 (25.99; 29.40) 25.40 (23.53; 28.04)

IBS subtype, n (%)

IBS‐D 6 (40.0) 6 (42.9)

IBS‐C 5 (33.3) 0 (0.0)

IBS‐M 4 (26.7) 8 (57.1)

IBS‐U 0 (0.0) 0 (0.0)

GSRS, median (Q1; Q3)

Abdominal pain 3.33 (2.33; 4.33) 3.67 (2.67; 4.00)

Reflux syndrome 2.50 (1.00; 3.00) 1.50 (1.00; 4.00)

Diarrhea syndrome 3.67 (3.00; 5.67) 2.67 (2.33; 4.00)

Constipation 
syndrome

4.00 (2.00; 4.00) 3.33 (2.33; 4.33)

Indigestion 
syndrome

3.75 (2.75; 4.50) 3.38 (2.25; 4.25)

End‐of‐day diary, median (Q1; Q3)

Abdominal pain 2.71 (1.93; 2.86) 2.39 (2.21; 3.50)

Discomfort 2.71 (2.31; 3.36) 2.75 (2.43; 3.57)

Bloating 2.57 (1.64; 3.08) 2.71 (1.78; 3.29)

Diarrhea 1.29 (1.00; 1.69) 1.15 (1.00; 1.50)

Constipation 1.15 (1.00; 1 69) 1.46 (1.14; 2.23)

SF‐36, median (Q1; Q3)

Mental Composite 
Score (MCS)

46.84 (41.10; 53.85) 43.30 (30.75; 51.41)

Physical Composite 
Score (PCS)

41.39 (32.66; 47.84) 40.86 (34.27; 46.17)

GSRS scores are presented for five subscales. End‐of‐day diary scores 
are presented as average scores over 14 days, based on the sum of indi‐
vidual scores per day. SF‐36 scores are presented for two subscales.
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alpha. At t = 6 months, average abdominal pain score was 1.414 point 
lower (P = 0.040) for escitalopram compared to placebo when there 
was no anxiety (1) and this difference increased to 1.601 (P = 0.024) 
for low anxiety (2), 1.788 (P = 0.026) for mild anxiety (3), and 1.975 
(P = 0.036) for moderate anxiety (4). Results are shown in Table 3.

3.3 | Evaluation of treatment response using 
GSRS and end‐of‐day diary

In models assessing GSRS‐AP and the end‐of‐day abdominal pain 
score, we did not find a significant two‐way interaction between escit‐
alopram and time, showing that the association between escitalopram 
and abdominal pain was similar at all time points using retrospective 
assessments (Table 2). Mean abdominal pain scores for escitalopram 
and placebo at all three time points are shown in Figure 2, for both 
methods.

4  | DISCUSSION

In the present exploratory study, we evaluated the possible advantages 
of real‐time symptom assessment using ESM, in quantifying treatment 
response, when compared to retrospective symptom measurements 
using an end‐of‐day diary and the GSRS. Hereto, data from a prema‐
turely ended randomized controlled trial, developed to evaluate the 
effect of escitalopram vs placebo on abdominal pain in IBS patients 
with comorbid panic disorder, were used. Hence, no beneficial effect 
of escitalopram over placebo in reducing abdominal pain in subjects 
with IBS and comorbid panic disorder was found, when evaluated by 
conventional, retrospective symptom assessment methods (ie, GSRS 
and end‐of‐day abdominal pain scores). However, when momentar‐
ily assessed by the real‐time electronic ESM, a significant decrease in 
abdominal pain was observed in escitalopram as compared to placebo, 
after 6 months of treatment. Due to the exploratory nature of the used 
method, we cannot draw a firm conclusion on the effect of SSRIs on 
abdominal pain in IBS patients based on the presented results, however, 
the current study underlines the difference in outcome between ret‐
rospective and repeated in‐the‐moment measurements. Furthermore, 
these results show that with the high number of repeated measures and 
the real‐time assessment of symptoms, ESM may have the potential to 
detect within‐subject changes over time with higher sensitivity, yielding 
higher analytical power in small numbers of study participants, when 
compared to conventional retrospective questionnaires.

Differences between retrospective and real‐time assessments 
have previously been demonstrated in IBS populations. Reporting 
of peak abdominal pain rather than average scores has been de‐
scribed, for weekly or daily retrospective measurement compared 
to momentary abdominal pain assessment.4,31 This phenomenon can 
be attributed to recall bias, suggesting that real‐time assessments 
might be more accurate with regard to abdominal pain evaluation 
in a cross‐sectional study design. The present study is the first to 
evaluate differences in outcome of treatment effect over time, be‐
tween retrospective and momentary assessments of abdominal pain. TA
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Apart from eliminating recall bias, ESM has the advantage of captur‐
ing within‐subject variability over time, as a result of repeated data 
collection. In the context of evaluating treatment effect, this is ben‐
eficial as it leads to an increased sensitivity to detect within‐subject 
change over time.7-9 Regarding the ESM analyses in the current study, 
it should be noted that a significant decrease in abdominal pain was 
only found in the primary analysis which included the ESM data of 
subjects that completed three valid ESM periods, that is, at least 23 
out of 70 assessments per period, underlining the importance of col‐
lecting sufficient repeated assessments when using ESM. Our find‐
ings confirm results from earlier trans‐diagnostic ESM data obtained 
from patients with functional or unexplained somatic symptoms and 
psychiatric comorbidity treated at an academic hospital‐psychiatry 
outpatient ward with regard to ESM’s sensitivity to detect change.32

Given the recognized efficacy of escitalopram in panic disorder 
treatment,33,34 we hypothesized an interaction between anxiety, 
escitalopram, and time in the model evaluating the change in ab‐
dominal pain. Even though no significant three‐way interaction term 

could be found, a more pronounced decrease in abdominal pain in the  
escitalopram group could be demonstrated for subjects with higher 
levels of momentary anxiety as compared to subjects with lower levels 
of anxiety. These results demonstrate the potential of ESM to eval‐
uate the effect of momentary factors possibly modulating symptom 
formation and/or treatment response and add value to the field by 
integrating somatic and psychological assessment at the same time.

The current study is based on data of a prematurely ended RCT, 
which was set up to evaluate the effect of an SSRI on abdominal 
pain in IBS patients with comorbid panic disorder. The intended 
number of subjects to be enrolled was 80, while after over 4 years, 
only 29 subjects were included. This was 13.5% of all eligible pa‐
tients approached for participation within this period. Given the 
availability of the drug (SSRI) in regular clinical care and the an‐
ticipation of a possible placebo treatment for 6 months, many 
patients decided not to participate in the trial. This illustrates the 
difficulty of performing a high‐quality placebo‐controlled RCT for 
the evaluation of drug efficacy in IBS patients, or any other chronic 

F I G U R E  2  Mean abdominal pain scores at t = 0 months (baseline), t = 3 months, and t = 6 months for the escitalopram group (A) and 
placebo group (B), separately for GSRS, end‐of‐day diary, and ESM (on a 1‐to‐5 point scale). Change in abdominal pain scores over time 
tested using linear mixed models. NS, no significant change in abdominal pain scores after 3 and 6 months. P < 0.05, significant change in 
abdominal pain scores after 6 months

(A) (B)

TA B L E  3  Difference in ESM abdominal pain scores between escitalopram and placebo for ESM‐anxiety levels of 1 (no anxiety), 2 (low 
anxiety), 3 (mild anxiety), and 4 (moderate anxiety) (on a 1‐to‐7 Likert scale), respectively, tested using linear mixed models. Results shown 
for t = 0, 3, and 6 months

ESM 
abdominal 
pain

Month 0 (baseline) Month 3 Month 6

Estimate (95% CI) SE P‐value Estimate (95% CI) SE P‐value Estimate (95% CI) SE P‐value

No anxiety 
(1)

−0.117 (−1.467; 1.233) 0.689 0.865 −1.179 (−2.528; 0.170) 0.688 0.087 −1.414 (−2.762; −0.066) 0.688 0.040

Low 
anxiety (2)

0.085 (−1.268; 1.437) 0.690 0.902 −0.909 (−2.265; 0.447) 0.692 0.189 −1.601 (−2.994; −0.208) 0.711 0.024

Mild 
anxiety (3)

0.286 (−1.130; 1.702) 0.722 0.692 −0.640 (−2.070; 0.791) 0.730 0.381 −1.788 (−3.359; −0.216) 0.802 0.026

Moderate 
anxiety (4)

0.488 (−1.044; 2.019) 0.781 0.533 −0.370 (−1.934; 1.194) 0.798 0.643 −1.975 (−3.820; −0.129) 0.942 0.036

Estimate indicates the difference between ESM abdominal pain scores in the escitalopram group vs the placebo group. A negative estimate indicates a 
lower abdominal pain score in the escitalopram group compared to placebo. SE, standard error.
The model included a three‐way interaction term for anxiety *escitalopram*time: χ2: 4.45 (2), P = 0.108.
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condition, especially in cases of comorbidities. Furthermore, well 
conducted RCTs are costly and time‐consuming and may put par‐
ticipants at risk, due to the unknown nature of treatment effects. 
Therefore, methods that may reduce the number of required study 
participants in clinical trials are highly needed. ESM provides the 
opportunity to identify significant treatment effects in a lower 
number of study participants, compared to the currently available 
retrospective questionnaires, by gathering a high number of re‐
peated measures and more reliable data that are not affected by 
recall and ecological biases.

A strength of the current study is that symptoms were concur‐
rently reported using ESM, an end‐of‐day diary, and the GSRS during 
an RCT, offering the opportunity to directly compare outcome of 
treatment effect between real‐time and retrospective measure‐
ments. Furthermore, the inclusion of a well‐characterized tertiary IBS 
population with pronounced comorbid anxiety, in which both IBS and 
anxiety symptoms were repeatedly measured using ESM, enabled us 
to evaluate the potential of ESM to take into account momentary 
factors modulating symptom formation and treatment effect.

A limitation of this study is that not all included subjects agreed 
to complete ESM, which decreased the sample size in the ESM  
analyses and might have induced selection bias. As discussed pre‐
viously, the use of ESM might overcome this limitation concerning 
sample size by taking into account multiple repeated measurements 
in a single patient and thereby increasing the power to detect change 
over time. With regard to possible selection bias, we found no dif‐
ferences in demographical characteristics and gastrointestinal and 
psychological symptom severity between subjects that completed 
ESM and subjects that did not. A drawback of ESM can be the fact 
that the method is time‐consuming, which might lead to a lack of 
compliance. On the other hand, due to the repeating character, it 
is expected that ESM results are not easily influenced by missing 
data. Furthermore, we took into account the risk of low compliance 
by excluding subjects that completed too few ESM assessments 
from the primary analyses. With regard to the study participants, 
IBS subtype distribution is different between the treatment groups 
in that no subjects with the constipation predominant subtype were 
present in the placebo group. However, as this study focuses on 
abdominal pain as the main outcome measure and subtype distribu‐
tion is the same for all measurement methods, our primary results 
are most likely not affected by this difference in subtype distribu‐
tion. Nevertheless, given the exploratory nature of this study and 
the fact that ESM has not yet been validated as an evaluation tool in 
the context of clinical trials evaluating abdominal pain, our results 
need replication in order to draw a firmer conclusion on the advan‐
tages of ESM over retrospective methods in quantifying treatment 
response in IBS patients.

5  | CONCLUSION

In conclusion, the current study demonstrates a potential ben‐
efit of repeated in‐the‐moment measurements as compared to 

retrospective assessments, in the evaluation of treatment effect 
in IBS patients. Given the exploratory nature of the study, no 
firm conclusion can be drawn with regard to the effect of SSRIs 
on abdominal pain in IBS patients with comorbid panic disorder. 
Nevertheless, by taking into account day‐to‐day symptom variabil‐
ity as well as momentary factors that might moderate treatment 
effect, such as psychological symptoms, ESM has shown the po‐
tential to capture treatment response more sensitively compared 
to a retrospective end‐of‐day GI symptom diary and the GSRS.
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