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ABSTRACT

Background: Gut-directed hypnotherapy (HT) is effective in pediatric irritable bowel syndrome 

(IBS) and functional abdominal pain (syndrome) (FAP(S)). It is however still unavailable to many 

children. We conducted a non-inferiority randomized controlled trial comparing effectiveness of 

self-exercises at home using CD to individual HT by a therapist. 

Methods: 260 children aged 8-18 years with IBS or FAP(S) were randomized to individual HT 

with a qualified therapist (iHT group) or home-based HT with CD (CD group). Individual HT 

consisted of 6 sessions over a 3-month period. The CD group was instructed to listen to the 

exercises ≥ 5 times/week for 3 months. Primary outcomes were treatment success directly after 

treatment and after 1 year follow-up. Treatment success was defined as ≥50% reduction in pain 

frequency and pain intensity scores. The non-inferiority limit was set at 50% treatment success 

in the CD group after 1 year follow-up. Secondary outcomes included depression, anxiety, 

somatization, quality of life, coping strategies, pain beliefs and adequate relief. 

Findings: 250 children were included in the modified-intention-to-treat analyses. Directly 

after treatment, 50.1% of children in the iHT group and 36.8% of children receiving CD were 

successfully treated. One year after the end of treatment, the 62.1% treatment success in the 

CD group emerged as non-inferior to the 71.0% in the iHT group (difference: -8.9% with one-

sided 95% confidence interval lower limit : -18.9%) (P<0.01). Secondary outcomes improved 

in both treatment arms. Both HT and CD were well-received reflected by 87.0% and 75.9% 

adequate relief reported in the iHT and CD group, respectively. 

Interpretation: Long-term efficacy of home-based hypnotherapy treatment with CD is non-

inferior to individual HT by a therapist in children with IBS or FAP(S). Treatment with hypnosis 

CD therefore provides an attractive treatment option for these children. 

Funding: Netherlands Organization for Health Research and Development. 
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INTRODUCTION

Irritable bowel syndrome (IBS) and functional abdominal pain (syndrome) (FAP(S)) are commonly 

diagnosed pediatric functional abdominal pain disorders with a pooled worldwide prevalence of 

13.5%.1 Altered bowel movements and/or relief of abdominal pain after defecation are present 

in IBS, while the defecation pattern is not affected in FAP(S).2 Both disorders have been shown 

to be similar with respect to clinical and psychosocial characteristics and by definition, there is 

no evidence for any underlying organic disorder.2,3 

Treatment of IBS and FAP(S) is often challenging, since pathophysiological mechanisms are not 

completely elucidated.4 Therefore, treatment of these children is usually symptomatic, consisting 

of physician reassurance, dietary advice, education and pharmacologic pain management.4,5 

If these interventions do not result in adequate relief, nonpharmacologic therapies are often 

prescribed. One of the most effective nonpharmacologic treatments for IBS and FAP(S) is 

gut-directed hypnotherapy (HT) with reported success rates between 49 and 100 percent in 

both adult and pediatric patients.6–11 Follow-up studies consistently demonstrate long-lasting 

beneficial effects up to 7 years after treatment.12–14 

Although gut-directed HT has been proven to be a valuable and effective treatment option, it 

is still unavailable to many children. This is because individual HT with a therapist is costly and 

the number of well-trained child-hypnotherapists world-wide is limited. Furthermore, it requires 

a significant time investment by both child and parents caused by work and school absences 

due to visits to the therapist. In 2009, van Tilburg et al demonstrated that HT by means of 

self exercises at home using a CD was also effective in treating children with IBS and FAP.7 

Compared to individual hypnotherapy, it requires less time investment and, importantly, costs 

are much lower. It is unknown, however, if this form of HT, in which no time is spent with a 

therapist, is comparable to individual HT with a therapist with respect to its efficacy. Therefore, 

we conducted a non-inferiority randomized controlled trial (RCT) comparing the effectiveness 

of HT with CD recorded self-exercises at home versus individual HT performed by a qualified 

therapist in children with IBS or FAP(S). 

METHODS

Study design and participants
A detailed description of the study protocol has previously been published.15 Two academic 

medical centers and 7 teaching hospitals throughout the Netherlands participated in this RCT. 

The study protocol has been approved by the medical ethics committees of all participating 

hospitals and has been registered in the Dutch Trial Register number NTR2725 (registration date: 

1 February 2011; current status: closed). It has been granted by the Netherlands Organization for 

Health Research and Development, ZonMW. The funder of the study had no role in study design, 

data collection, data analysis, data interpretation, or writing of the report. The corresponding 

author had full access to all the data in the study and the last author had final responsibility for 
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the decision to submit for publication.

Children aged 8-18 years diagnosed with IBS, FAP or FAPS according to the Rome III criteria 

were included.2 Before inclusion, all patients underwent routine laboratory testing to exclude 

underlying organic disorders. The need for further diagnostic testing was left to the discretion 

of the treating physician. Exclusion criteria were a concomitant organic gastrointestinal 

disease, treatment by another health care professional for abdominal pain symptoms, previous 

hypnotherapy, mental retardation and insufficient knowledge of the Dutch language. 

After patients and/or parents gave verbal and written informed consent, the child was randomly 

allocated to individual HT given by a therapist (iHT group) or home-based therapy with HT 

exercises on audio CD (CD group). Randomization was stratified for the including hospital and 

school level (primary/secondary school). 

Interventions
The gut-directed HT protocol used in this RCT is a combination of exercises from our previous 

used Manchester protocol,6,16 adapted for children, and exercises from the van Tilburg 

protocol.7 HT consisted of general relaxation exercises, exercises on control of abdominal pain 

and gut functioning, and ego-strengthening suggestions. Blinding of patients and health care 

professionals involved in the treatment is not possible, due to the nature of HT. The exact 

content of both the individual HT sessions as well as the exercises on CD has been published in 

detail elsewhere.15

HT through self-exercises on CD (CD group)
A specially trained research nurse paid a visit to all children randomized to the CD group. 

During this visit, children performed the first HT exercise, to check whether the child understood 

the given instructions. The CD contained five standard scripts of the HT exercises, which were 

identical to the exercises used in the iHT group. Two separate CDs for children visiting primary 

and secondary school were used to make sure that the language used was adapted to the child’s 

developmental age. The frequency of listening to the CD was recorded by the participants in 

their instruction leaflet. Children received a phone call by the research nurse after 4 and 8 weeks 

of treatment to stimulate treatment compliance. 

Individual HT by a therapist (iHT group)
Children in the iHT group received six 50-60 minute sessions over a period of three months. 

HT was carried out by 11 qualified, experienced hypnotherapists, affiliated to the recruiting 

hospitals. They were all trained in working with the treatment protocol and instructed to use the 

same scripts as used in the CD group. Therapists were, however, allowed to adapt contents and 

order of these scripts to the child’s interests and specific issues that came up during the sessions. 

Outcome measures
Outcomes were measured at baseline (T0), at three months after treatment start (T1) and at 6 
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and 12 months follow-up after the end of therapy (T2, T3). Outcomes were recorded at home 

by patients and/or parents. Table 1 shows an overview of the outcome measures used. At 

baseline, hypnotic susceptibility of the child and treatment expectations of the child and both 

parents were assessed.15 

Table 1. Overview of outcomes 

Outcome Instrument T0 4

wks

8

wks

T1 T2 T3

Abdominal pain Abdominal pain dairies X X X X X X

Depression and anxiety Revised Child Anxiety and 

Depression Scale-short version 

(RCADS-25)

X X X X

Somatization Children’s Somatization 

Inventory (CSI)

X X X X

Health-related quality of life KIDSCREEN-52 X X X X

Pain beliefs Pain Beliefs Questionnaire 

(PBQ)

X X X X

Coping strategies Children’s Coping Strategies 

Checklist-revision 1 

(CCSC-R1)

X X X X

Adequate relief Binary question on adequate 

relief

X X X

Primary outcomes
Children filled out a standardized diary to assess abdominal pain frequency and pain intensity 

during seven consecutive days.6,14,17 Pain frequency was recorded in minutes of abdominal pain 

per day and scored as 0 when there was no pain, 1 for 1-30 minutes of pain, 2 if children had 31-

120 minutes of pain and 3 if the abdominal pain lasted more than 120 minutes. Subsequently, 

a pain frequency score (PFS) was calculated by summing the scores of the seven individual days, 

giving a maximum score of 21.6,14,17 Pain intensity was scored using an affective facial scale with 

faces ranging from showing no pain at all (face A) to the most severe pain (face I). No abdominal 

pain was scored as 0, faces A-C were scored as 1, faces D-F score 2 and faces G-I score as 3. 

Scores of seven days were totalled giving a pain intensity score (PIS), with a maximum of 21.6,14,17

Primary outcomes were the proportion of patients in which treatment was successful at the 

end of treatment and the proportion of successfully treated patients after 1 year follow-up. 

Treatment success was defined as at least 50% reduction in both PFS and PIS. 

Secondary outcomes 
Secondary outcomes included depression and anxiety, somatization, health-related quality of 

life (QoL), pain beliefs, coping strategies and adequate relief. Details of the instruments used to 

assess these outcomes have been published before.15 
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Statistical analyses
Modified-intention-to-treat analyses were performed, including all patients who had started 

study treatment. Differences between both treatment groups at baseline were analysed using a 

Chi-square test, t-test or Mann-Whitney U-test, as appropriate. Primary analyses focused on the 

proportions treatment success in both treatment arms at T1 and T3. Based on previous trials, 

we made a conservative estimate of this percentage being around 75% at T3 in the iHT group. 

We anticipated this percentage to be around 65% in the CD group. In order to be a reasonable 

alternative treatment, this percentage should not become lower than 50% in the CD group 

at T3.15 This non-inferiority limit should be viewed in relation to success rated with standard 

medical care of around 30-40% in previous trials.6–8,15

All patients had complete baseline PFS and PIS. Missing PFS and PIS at subsequent time points 

were imputed using the multiple imputation (MI) by chained equations algorithm.18 PFS and 

PIS at all time points and other explanatory covariates (sex, age, diagnosis, including center, 

hypnotic susceptibility, treatment expectations, duration of symptoms, school absenteeism and 

baseline scores on secondary outcomes depression, anxiety scores, somatization, health-related 

QoL, pain beliefs and coping strategies) were used to impute missing values. MI was performed 

separately for both treatment groups and a total of 7 cycles of imputation were performed 

with the assumption that unobserved measurements were missing at random.18 Extensive 

exploration of missing data patterns confirmed that this assumption was valid. The 7 datasets 

were combined using Rubin’s rules.18 

Additionally, sensitivity analyses based on the complete and worst case scenario were performed 

to check the robustness of the analyses using MI at T3. In the complete case scenario, only 

patients with complete PFS and PIS data on all moments of measurement (T0, 4 weeks, 8 

weeks, T1, T2 and T3) were included (i.e per-protocol). In the worst case scenario, all patients 

with missing abdominal pain scores in the iHT group were assumed to be successfully treated, 

while all patients with missings in the CD group were assumed to have failed treatment. 

Two pre-planned exploratory subgroup analyses were performed and statistically tested with 

interaction effects in logistic regression analysis to evaluate whether treatment success differs 

between diagnosis groups IBS and FAP(S) and between children of pre-puberty (13 years or 

younger) and older age. In a secondary analysis the difference in proportions treatment success 

at T3 between both treatment groups was adjusted for preselected potential baseline predictors, 

similar to those used in MI (see above). Variables univariately associated with treatment success 

(P<0.30) were entered in a multivariate logistic regression model and selected using backwards 

elimination with a significance level set at P<0.05. 

Changes over time in PFS and PIS in their continuous form were analysed with linear mixed 

model analyses adjusted for their respective baseline value, based on restricted maximum 

likelihood estimation with covariance matrix minimizing the Akaike information criteria. An 

additional analysis was done with adjustment for preselected potential baseline predictors (see 

above) using a backwards elimination procedure with P<0.05 of variables identified in univariate 

analysis (with P<0.30). Also, linear mixed model analyses were applied to study changes over 
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time in depression, anxiety, somatization, QoL, pain beliefs and coping strategies scores, 

adjusted for the baseline value of the respective outcome measure, age and gender. Logarithmic 

transformation of data was done to normalize distributions, if appropriate. A Bonferroni test 

was used for pairwise group comparisons. Logistic mixed effect regression was applied to 

analyse the binary secondary outcome adequate relief over time. 

Cost-effectiveness and -utility analyses will be reported separately. Statistical analyses were 

performed using SPSS version 20.0 (IBM, Amsterdam, the Netherlands). P-values <0.05 were 

considered statistically significant.

Eligable patients: N=303

Randomized: N=260

Allocated to CD-group: N=128 Allocated to iHT-group: N=132

▪ Received allocated intervention: N=126 
▪ Did not receive CD: N=2
     ▪ Exclusion criterium present: received  
       other treatment for abdominal pain (N=1)
     ▪ Informed consent withdrawn (N=1)

▪ Received allocated intervention: N=124
▪ Did not receive iHT: N=8
     ▪ Exclusion criterium present: received    
       other treatment for abdominal pain (N=4)
     ▪ Symptoms disappeared before start (N=3)
     ▪ Not motivated for treatment (N=1)

Allocation

  N=124
     ▪ Lost to follow-up (N=0)  

 N=117 
     ▪ Lost to follow-up (N=2)
     ▪ Discontinued CD due to motivational 
       problems (N=5)
     ▪ Discontinued CD due to inability to 
       adequately carry out treatment (N=2) 

T1

  N=112
     ▪ Lost to follow-up (N=5)

   N=122
     ▪ Lost to follow-up (N=2)

T2

  N=111
     ▪ Lost to follow-up (N=1)

   N=116
     ▪ Lost to follow-up (N=6)

T3

 Reasons for not participating: 
▪ Symptoms disappeared after initial visit (N=9)
▪ Not motivated for HT /prefers other form of   
   treatment (N=5)
▪ Can’t commit to time investment (N=6)
▪ Comorbid (psycho)social problems that need 
  further assessment/treatment (N=4)
▪ Does not want to be randomized (N=13)
▪ Not motivated to fill in questionnaires (N=6)

Figure 1. Flowchart of study participants
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RESULTS

Between July 15th 2011 and June 24th 2013, 303 children with IBS, FAP or FAPS according 

to the Rome III criteria were eligible to participate. A flowchart of the study participants is 

presented in Figure 1. Of the 303 patients fulfilling inclusion criteria, 43 children (67.4% girls) 

with a mean age of 14.4 (standard deviation [SD] 2.9) years declined to participate. The most 

frequently reported reason for declining participation was unwillingness to be randomized 

(30.2%) because the child and/or parents insisted on individual hypnotherapy performed by a 

qualified hypnotherapist. A total of 260 children agreed to participate and were subsequently 

randomized to either home-based therapy with HT exercises on audio CD (CD group; N=132) 

or individual HT given by a therapist (iHT group; N=128). Of these 260 children, a total of 

126 children started home-based treatment with the hypnosis-CD and 124 children started 

treatment in the iHT group and were included in the analyses. Baseline characteristics of the 

10 children who did not start treatment, did not differ from those who started treatment (data 

not shown). 

Baseline characteristics
With the exception of the percentage of children with school absenteeism, no differences in 

baseline characteristics were observed between both treatment groups (Table 2). 

Treatment preference and expectations
In the CD group, 34.1% of children had a (strong) preference for their allocated treatment, 

compared to 61.0% of children in the iHT group (P<0.01). Expectations of children about 

treatment response (0-10 scale), however, did not differ between the CD and iHT group (mean 

(SD) CD vs iHT: 6.8 (2.0) vs 6.9 (1.8), P=0.66). Treatment expectations of fathers did not differ 

between both groups (mean (SD) CD vs iHT : 6.9 (1.6) vs 7.1 (1.4), P=0.27), but expectations of 

mothers were significantly higher in the iHT group compared to the CD group (mean (SD) iHT 

vs CD: 7.6 (1.2) vs 7.2 (1.5), P=0.02). 
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Table 2. Baseline characteristics of study participants 

CD group (N=126) iHT group (N=124)

Demography

Age (y)a

Girls (%)

13.4 (2.9)

74.6

13.3 (2.8)

68.5

Clinical features

IBS (%)

   % IBS-C 

   % IBS-D 

   % IBS-M

   % IBS-U 

FAP(S) (%)

   % FAP 

   % FAPS

Duration of symptoms (y)b

School absenteeism (%)

Number school days missed prior 6 monthsb

Positive family history abdominal pain (%)

Prior psychological treatment (%)

51.6

   60.0

   15.4

   21.5

   3.1

48.4

   36.1

   63.9

2.3 (1.2-5.1)

68.3* 

14.0 (5.0-30.0)

47.6

15.2

49.2

   57.4

   4.9

   32.8

   4.9

50.8

   46.0

   54.0

2.7 (1.1-5.3)

80.6*

21.1 (4.0-24.5)

45.2

19.4

Hypnotic susceptibilityb 6.0 (5.0-6.0) 6.0 (5.0-7.0)

Abdominal pain scores

Pain Frequency Scorea

Pain Intensity Scorea

15.1 (5.5)

15.1 (4.5)

14.6 (5.5)

14.6 (4.4)

Depression & anxiety

Depressiona

Anxiety (total score)a

3.9 (2.4)

10.9 (7.6)

3.8 (2.5)

11.8 (8.9)

Quality of life

QoL physical well-beinga

QoL psychological well-beinga

Qol moods & emotionsa

QoL self-perceptiona

QoL social support & peersa

QoL school environmenta 

44.9 (10.3)

49.2 (9.9)

49.8 (10.8)

52.3 (10.4)

50.7 (12.2)

53.1 (9.5)

44.2 (9.7)

47.8 (9.6)

47.5 (11.4)

52.4 (10.4)

49.2 (10.5)

51.9 (9.2)

Somatization

Non GI-symptomsa 14.1 (12.1) 14.9 (11.8)

Pain beliefs

Negative pain beliefsa

Problem focused coping potentiala

Emotion focused coping potentiala

2.2 (0.6)

1.4 (0.9)

2.2 (0.9)

2.3 (0.6)

1.3 (0.8)

2.3 (0.9)

Coping strategies

Problem focused coping

Positive cognitive reframing

Distraction strategies

Avoidance strategies

Support seeking strategies

2.4 (0.5)

2.1 (0.5)

1.7 (0.4)

2.1 (0.4)

2.1 (0.7)

2.4 (0.5)

2.1 (0.6)

1.8 (0.4)

2.2 (0.5)

2.1 (0.6)
* P<0.05; aData are mean (SD); bData are median (IQR)
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Primary outcome – Treatment success
On average, children in the CD group listened to the CD 5.7 times (±1.4) per week during the 

3 month treatment period. 

Directly after the treatment period (T1), 36.8% in the CD group were successfully treated 

compared to 50.1% of children in the iHT group, i.e. a difference of -13.3% (one-sided 95% 

confidence interval [CI] lower limit for this difference: -23.7%). At 6 months follow-up after the 

end of treatment (T2), 42.1% of children in the CD group and 45.3% of children in the iHT 

group still performed self-HT exercises (P=0.69). Treatment success percentages were 51.1% in 

the CD group and 65.2% in the iHT group, respectively (difference -14.2%; one-sided 95% CI 

lower limit:-24.7%). At 12 months after the end of treatment (T3), 28.2% in the CD group and 

37.4% of children in the iHT group reported to still perform self-HT exercises (P=0.14). At T3, 

proportions treatment success in the CD and iHT group were 62.1% and 71.0% respectively 

(difference -8.9%). The CD emerged as significantly non-inferior to iHT, as the lower limit of the 

one-sided 95% CI for this difference in success proportions was -18.9% (i.e. lying above the 

non-inferiority limit: 71.0%-18.9%=52.1%; i.e. >50% treatment success and -18.9% >-25% 

difference in treatment success; P<0.01). Sensitivity analyses using worst case and complete 

case scenarios confirmed robustness of this primary analysis, using MI to handle missing data 

(Appendix I). 

Pre-defined exploratory subgroup analyses showed no treatment effect modification by age group 

(pre-puberty or older age) or by diagnosis group (IBS or FAP(S)) at all time points (Appendix II).

Predictors of treatment success one year after the end of treatment (T3)
Male gender, shorter duration of symptoms and having less negative beliefs about the 

abdominal pain at baseline were identified as independent predictors of treatment success at 

1 year after the start of treatment (Appendix III). Adjusted for these predictors, the proportions 

treatment success of the CD and iHT group were 62.2% and 71.8%, respectively (difference: 

-9.6% with one-sided 95% CI lower limit: -19.6%), i.e. CD being non-inferior to HT (P<0.01). 

Neither expectations about treatment response of the child and of both parents nor hypnotic 

susceptibility appeared to have predictive value for treatment success at T3 (Appendix III). 

Additionally, in the iHT group no therapist effect on treatment effect was observed (OR 1.25 

[95% CI 0.51-3.04]; P=0.63). Whether the child still performed HT exercises after the end of the 

3 months intervention period was also not significantly associated with treatment success at T3 

(OR 0.83 [95% CI: 0.34-3.80]; P=0.83). 

Secondary outcomes
Abdominal pain scores (PFS and PIS) over time
Mean PFS and PIS with their corresponding 95% CIs in both treatment groups during treatment 

and follow-up are shown in Figure 2a and 2b. Adjusted for the respective baseline pain scores, 

a significant improvement in time was seen in both pain scores for both treatment groups 

(P<0.001). 
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Figure 2a. Mean pain frequency scores with 95% CI during treatment and follow-up

Figure 2b. Mean pain intensity scores with 95% CI during treatment and follow-up

No time by treatment group interaction effect was observed for both scores. Overall, mean 

PFS and PIS over time were on average 1.7 points higher in the CD group compared to the 

corresponding mean scores in the iHT group (PFS: 95%CI 0.4 to 3.0, P=0.008; PIS: 95% CI 0.4 

to 2.9, P=0.01, main treatment group effects). The mean difference in mean pain scores over 

time of CD versus iHT amounted to 1.8 (95%CI: 0.6 to 3.0, P=0.004) and 2.1 (95%CI: 0.9 to 

3.2, P=0.001) for PFS and PIS respectively when adjusted for effects of significantly associated 

baseline covariates (Appendix IV).
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Table 3. Secondary outcomes during treatment and follow-up 
CD group

Mean (SD)

iHT group

Mean (SD)

T0 T1 T2 T3 T0 T1 T2 T3

Depression (RCADS-25) #

(possible score range 0-15)

3.9 (2.4)

N=126

3.5 (2.2)

N=113

3.1 (2.4)

N=111

2.8 (2.4)

N=110

3.8 (2.5)

N=124

3.4 (2.7)

N=121

3.3 (2.8)

N=117

2.9 (2.6)

N=114

Anxiety total score (RCADS-25) #

(possible score range 0-60)

10.9 (7.6)

N=126

10.1 (6.9)

N=113

9.0 (6.9)

N=111

8.1 (7.4)

N=110

11.8 (8.9)

N=124

11.0 (9.0)

N=121

10.2 (8.4)

N=117

9.2 (8.0)

N=114

Somatization: non GI-symptoms (CSI) #

(possible score range 0-112)

14.1 (12.1)

N=126

12.5 (11.4)

N=113

10.1 (10.4)

N=111

11.2 (14.2)

N=110

14.9 (11.8)

N=124

12.5 (15.0)

N=121

10.9 (13.0)

N=116

9.7 (10.4)

N=115

QoL physical well-being (KIDSCREEN-52) #

(10th percentile 40.5; 90th percentile 64.6)*

44.9 (10.3)

N=126

47.5 (10.7)

N=112

47.3 (10.9)

N=107

50.1 (12.6)

N=107

44.2 (9.7)

N=124

48.8 (11.6)

N=116

48.9 (12.5)

N=107

48.6 (10.8)

N=109

QoL psychological well-being (KIDSCREEN-52) #

(10th percentile 42.6; 90th percentile 68.5)*

49.2 (9.9)

N=126

51.8 (9.7)

N=113

53.0 (10.3)

N=111

53.4 (10.2)

N=109

47.8 (9.6)

N=124

51.2 (10.4)

N=121

52.2 (10.2)

N=117

52.2 (10.2)

N=113

QoL moods & emotions (KIDSCREEN-52) #

(10th percentile 39.9; 90th percentile 67.5)* 

49.8 (10.8)

N= 126

51.9 (10.9)

N= 113

53.8 (11.2)

N= 111

55.6 (12.2)

N= 109

47.5 (11.4)

N= 123

50.7 (12.7)

N= 120

53.0 (11.6)

N= 117

52.5 (12.5)

N= 114

QoL self-perception (KIDSCREEN-52)

(10th percentile 40.7; 90th percentile 69.8)*

52.3 (10.4)

N=126

52.7 (10.0)

N=113

52.4 (11.0)

N=111

52.7 (10.9)

N=109

52.4 (10.4)

N=123

53.0 (11.3)

N=121

51.7 (10.6)

N=117

51.9 (11.2)

N=114

QoL social support & peers (KIDSCREEN-52)#

(10th percentile 42.3; 90th percentile 66.3)*

50.7 (12.2)

N=125

50.7 (11.8)

N=113

52.1 (11.4)

N=110

53.9 (10.1)

N=109

49.2 (10.5)

N=124

51.3 (9.3)

N=120

51.0 (9.4)

N=117

53.1 (10.6)

N=114

QoL school environment (KIDSCREEN-52) #

(10th percentile 42.4; 90th percentile 66.3)*

53.1 (9.5)

N=124

54.4 (12.0)

N=108

54.7 (10.8)

N=104

56.1 (10.6)

N=105)

51.9 (9.2)

N=123

54.8 (10.6)

N=119

54.1 (11.5)

N=111

53.8 (10.4)

N=111

Negative pain beliefs (PBQ) #,†

(possible score range 0-4)

2.2 (0.6)

N=124

1.7 (0.8)

N=113

1.5 (0.9)

N=110

1.4 (0.9)

N=110

2.3 (0.6)

N=121

1.5 (0.8)

N=120

1.4 (0.9)

N=116

1.2 (0.8)

N=113

Problem focused coping potential (PBQ) #,†

(possible score range 0-4)

1.4 (0.9)

N=126

2.0 (1.0)

N=113

2.3 (1.1)

N=110

2.4 (1.1)

N=110

1.3 (0.8)

N=124

2.3 (1.0)

N=121

2.4 (1.0)

N=116

2.5 (0.9)

N=113

Emotion focused coping potential (PBQ) #

(possible score range 0-4)

2.2 (0.9)

N=126

2.7 (0.8)

N=113

2.9 (0.9)

N=111

3.1 (0.8)

N=110

2.3 (0.9)

N=124

2.8 (0.7)

N=121

3.1 (0.8)

N=117

3.2 (0.7)

N=114

SD = standard deviation; QoL = quality of life
* percentiles based on norm data for children and adolescents aged 8-18 years in the Netherlands
#: significant time effect, reference category baseline

†: significant treatment group effect; no significant time-by-treatment group interaction effects were 

observed; Analyses were performed with linear mixed model analysis, adjusted for the baseline value 

of the respective outcome, age, and gender; P-values <0.05 were considered statistically significant.

RCADS-25: lower scores represent less symptoms of depression/anxiety; CSI: lower scores represent 

lower intensity of somatic complaints experienced by the child; KIDSCREEN-52: higher scores indicate a 

better health-related QoL; PBQ: higher scores on a scale indicate that the child has such thoughts more 

frequently
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Table 3. Secondary outcomes during treatment and follow-up 
CD group

Mean (SD)

iHT group

Mean (SD)

T0 T1 T2 T3 T0 T1 T2 T3

Depression (RCADS-25) #

(possible score range 0-15)

3.9 (2.4)

N=126

3.5 (2.2)

N=113

3.1 (2.4)

N=111

2.8 (2.4)

N=110

3.8 (2.5)

N=124

3.4 (2.7)

N=121

3.3 (2.8)

N=117

2.9 (2.6)

N=114

Anxiety total score (RCADS-25) #

(possible score range 0-60)

10.9 (7.6)

N=126

10.1 (6.9)

N=113

9.0 (6.9)

N=111

8.1 (7.4)

N=110

11.8 (8.9)

N=124

11.0 (9.0)

N=121

10.2 (8.4)

N=117

9.2 (8.0)

N=114

Somatization: non GI-symptoms (CSI) #

(possible score range 0-112)

14.1 (12.1)

N=126

12.5 (11.4)

N=113

10.1 (10.4)

N=111

11.2 (14.2)

N=110

14.9 (11.8)

N=124

12.5 (15.0)

N=121

10.9 (13.0)

N=116

9.7 (10.4)

N=115

QoL physical well-being (KIDSCREEN-52) #

(10th percentile 40.5; 90th percentile 64.6)*

44.9 (10.3)

N=126

47.5 (10.7)

N=112

47.3 (10.9)

N=107

50.1 (12.6)

N=107

44.2 (9.7)

N=124

48.8 (11.6)

N=116

48.9 (12.5)

N=107

48.6 (10.8)

N=109

QoL psychological well-being (KIDSCREEN-52) #

(10th percentile 42.6; 90th percentile 68.5)*

49.2 (9.9)

N=126

51.8 (9.7)

N=113

53.0 (10.3)

N=111

53.4 (10.2)

N=109

47.8 (9.6)

N=124

51.2 (10.4)

N=121

52.2 (10.2)

N=117

52.2 (10.2)

N=113

QoL moods & emotions (KIDSCREEN-52) #

(10th percentile 39.9; 90th percentile 67.5)* 

49.8 (10.8)

N= 126

51.9 (10.9)

N= 113

53.8 (11.2)

N= 111

55.6 (12.2)

N= 109

47.5 (11.4)

N= 123

50.7 (12.7)

N= 120

53.0 (11.6)

N= 117

52.5 (12.5)

N= 114

QoL self-perception (KIDSCREEN-52)

(10th percentile 40.7; 90th percentile 69.8)*

52.3 (10.4)

N=126

52.7 (10.0)

N=113

52.4 (11.0)

N=111

52.7 (10.9)

N=109

52.4 (10.4)

N=123

53.0 (11.3)

N=121

51.7 (10.6)

N=117

51.9 (11.2)

N=114

QoL social support & peers (KIDSCREEN-52)#

(10th percentile 42.3; 90th percentile 66.3)*

50.7 (12.2)

N=125

50.7 (11.8)

N=113

52.1 (11.4)

N=110

53.9 (10.1)

N=109

49.2 (10.5)

N=124

51.3 (9.3)

N=120

51.0 (9.4)

N=117

53.1 (10.6)

N=114

QoL school environment (KIDSCREEN-52) #

(10th percentile 42.4; 90th percentile 66.3)*

53.1 (9.5)

N=124

54.4 (12.0)

N=108

54.7 (10.8)

N=104

56.1 (10.6)

N=105)

51.9 (9.2)

N=123

54.8 (10.6)

N=119

54.1 (11.5)

N=111

53.8 (10.4)

N=111

Negative pain beliefs (PBQ) #,†

(possible score range 0-4)

2.2 (0.6)

N=124

1.7 (0.8)

N=113

1.5 (0.9)

N=110

1.4 (0.9)

N=110

2.3 (0.6)

N=121

1.5 (0.8)

N=120

1.4 (0.9)

N=116

1.2 (0.8)

N=113

Problem focused coping potential (PBQ) #,†

(possible score range 0-4)

1.4 (0.9)

N=126

2.0 (1.0)

N=113

2.3 (1.1)

N=110

2.4 (1.1)

N=110

1.3 (0.8)

N=124

2.3 (1.0)

N=121

2.4 (1.0)

N=116

2.5 (0.9)

N=113

Emotion focused coping potential (PBQ) #

(possible score range 0-4)

2.2 (0.9)

N=126

2.7 (0.8)

N=113

2.9 (0.9)

N=111

3.1 (0.8)

N=110

2.3 (0.9)

N=124

2.8 (0.7)

N=121

3.1 (0.8)

N=117

3.2 (0.7)

N=114

SD = standard deviation; QoL = quality of life
* percentiles based on norm data for children and adolescents aged 8-18 years in the Netherlands
#: significant time effect, reference category baseline

†: significant treatment group effect; no significant time-by-treatment group interaction effects were 

observed; Analyses were performed with linear mixed model analysis, adjusted for the baseline value 

of the respective outcome, age, and gender; P-values <0.05 were considered statistically significant.

RCADS-25: lower scores represent less symptoms of depression/anxiety; CSI: lower scores represent 

lower intensity of somatic complaints experienced by the child; KIDSCREEN-52: higher scores indicate a 

better health-related QoL; PBQ: higher scores on a scale indicate that the child has such thoughts more 

frequently
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Other secondary outcomes
In Table 3 mean (SD) scores of secondary outcomes are displayed for all time points. Mixed 

model analyses showed a significant improvement in time in both treatment groups for all 

secondary outcomes, with the exception of QoL self-perception. No statistically significant 

differences between treatment groups were observed for all secondary outcomes with the 

exception of negative pain beliefs and problem focused coping potential in favor of the iHT 

group (negative pain beliefs: CD vs iHT, mean difference (95% CI): 0.2 (0.1 to 0.4), P=0.007; 

problem focused coping potential: CD vs iHT mean difference (95% CI): -0.2 (-0.4 to -0.03), 

P=0.023, main treatment group effects). No significant time-by-treatment group interaction 

effects were observed for all secondary outcomes.

The proportion parents reporting adequate relief directly after treatment was 82.7% in the iHT 

group and 70.2% in the CD group and did not further increase significantly during follow-up 

at one year after treatment (logistic mixed effect analysis, treatment group effect P=0.002; no 

significant time (P=0.235) or time-treatment group interaction effect (P=0.739)) (Figure 3).

Figure 3. Adequate relief at T1, T2 and T3
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DISCUSSION

This RCT confirms previously reported beneficial effects of gut-directed HT in children with IBS 

or FAP(S) and is the first to compare efficacy of home-based treatment using HT exercises on CD 

to individual HT performed by different qualified therapists. One year after the end of treatment, 

62.1% of children in the CD group and 71.0% of children in the iHT group were successfully 

treated. Despite a lower percentage of treatment success in the CD group compared to the 

iHT group, these results fulfil the predetermined limit for non-inferiority. It can therefore be 

concluded that long-term efficacy of home-based treatment with hypnosis CD is non-inferior 

to individual HT performed by therapists. Additionally, a decrease in depression, anxiety and 

somatization scores was shown in both treatment groups as well as an improvement of quality 

of life and pain beliefs. Both forms of treatment were very well-received, reflected by 87.0% 

and 75.9% of adequate relief reported by parents after one year follow-up in the iHT and CD 

group, respectively. 

The 62.1% response rate after CD treatment is comparable to the success percentage 

reported in the van Tilburg trial, in which the same definition for treatment success was used.7 

Additionally, the 71.0% treatment success in the iHT group lies within the range of previously 

reported success percentages in HT trials among adult and pediatric patients.8–10 It is, however, 

lower compared to the response rates reported in the previous RCT in the Netherlands, which 

used a more conservative definition of treatment success.6 This may be explained by the almost 

fivefold higher sample size of the present study and by small adaptions of the content of the HT 

protocol. In the previous trial, no fixed hypnotic scripts were used and one additional exercise 

was included on visualizing the needs of the child’s gut.6 This exercise was excluded from the HT 

protocol in the current RCT, because it was difficult to standardize and, therefore, impractical 

to be used in the same way in both treatment arms. Success rates found in the current RCT, 

however, should be viewed in relation to percentages reported for standard medical care and 

a variety of pharmacologic and nonpharmacologic treatments, which are markedly lower.19,20 

Pre-defined exploratory subgroup analyses suggested that the treatment effect did not vary 

for children in pre-puberty age and older children. Also no indication was found for a different 

treatment effect in children with IBS and FAP(S). 

Male gender was a significant predictor for treatment success one year after the end of 

treatment. One other pediatric HT trial did not find gender differences in treatment response6 

while others did not study gender differences, probably due to small sample sizes.7–9 Data on 

gender specific differences in treatment responses in adult HT trials are inconclusive.21 Neural 

processing of visceral stimuli have been found to differ between male and female IBS patients.22 

Also, gender specific differences in response to tasks on affect and emotion processing have 

been shown in brain regions known to be involved in working of HT in response, such as the 

anterior cingulate cortex.23 Furthermore, negative cognitions are known to play a role in IBS 

and reduction of those cognitions is seen after HT.24,25 Differences between male and female 

patients with respect to pain processing and pain behavior, mediated by negative cognitions 
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such as catastrophizing,26 may explain the gender effect found in this study, but further research 

is clearly needed. 

We also found that having less negative beliefs about the abdominal pain resulted in a better 

treatment response. It is already known that these negative beliefs play a mediating role in 

the outcome of cognitive behavior therapy and that they may also predict long-term outcome 

in children with IBS and FAP(S).27–29 The results of our trial suggest that children with many 

negative beliefs at baseline may benefit from a combination of gut–directed HT and cognitive 

restructuring, but future studies are needed.30 Depression and/or anxiety scores at baseline were 

not associated with treatment outcome, suggesting that HT is a valuable tool, even for anxious 

or depressed children with IBS or FAP(S).

This is the largest RCT on the effects of HT in adults and children worldwide, which is a clear 

strength.6–11 Previous pediatric HT trials included sample sizes up to 52 children.6–9 Children 

underwent fairly extensive laboratory testing to rule out underlying organic causes of abdominal 

pain prior to inclusion. The fact that none of the included children received an organic 

diagnosis for their abdominal pain during follow-up, confirms that this work-up was adequate. 

Generalizability of the results is increased by inclusion of both children and adolescents, 

recruited from secondary and tertiary centers in both rural and urban areas of the Netherlands. 

A total of 11 therapists participated in the iHT group. No association between treatment success 

and the therapist performing HT was shown, which further strengthens the results. The label 

‘hypnosis’ may increase beliefs and expectancies about the treatment response and these 

response expectancies are thought to (partly) mediate effects of psychological treatments.31,32 

The magnitude of this expectancy bias, however, appeared to be low in this RCT, since treatment 

success was not predicted by treatment expectations of the child and both parents. Hypnotic 

susceptibility also did not predict treatment success, which is in accordance with a recent large 

audit on HT for adults with IBS.33 

The fact that we did not include a third treatment arm with children receiving standard medical 

care or no-treatment could be perceived as a limitation of this RCT. Inclusion of these control 

groups, however was waived, since protocol reviewers considered it unethical to abstain children 

from HT, because HT had already been shown to be superior to standard medical care.6–8 It could 

be hypothesized that the natural course of illness to some extent influenced the response to 

treatment in this trial. Long-term follow-up studies in children with functional abdominal pain 

disorders, however, show persisting symptoms in up to 45% of children after five years follow-

up34,35 and more than one third of children still experience symptoms after ten years.36 Children 

in this trial experienced abdominal symptoms for approximately 2.5 years prior to inclusion 

and, therefore, it is not very likely that spontaneous remission contributed significantly to the 

proportions treatment success in this RCT. Inherently to the nature of HT, blinding of treatment 

is not possible. Outcomes were recorded by children and parents at home, which reduced the 

risk of detection bias. Individual variability of symptoms over time was corrected by recording 

abdominal pain at seven consecutive days instead of only recording symptoms on one day.
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In conclusion, this study confirms earlier findings that HT is a highly valuable treatment option 

in children with IBS or FAP(S) resulting in decrease in pain scores, as well as a significant 

improvement in anxiety, depression, quality of life and pain cognitions. HT should, therefore, 

be incorporated in national guidelines on the treatment of children with IBS or FAP(S) as well 

as becoming reimbursed by health insurance companies. The fact that home-based treatment 

with hypnosis CD is non-inferior to individual HT performed by a qualified therapist provides 

rationale for the implementation of this easy-to-use treatment in daily practice. Accessibility 

issues of HT will then be improved, since treatment with the hypnosis CD can be started as 

soon as the diagnosis of IBS or FAP(S) is made, without having to deal with waiting lists due to 

shortage of qualified therapists. 
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APPENDIX I. Sensitivity analyses of treatment success at 1 year follow-up after the end of 

treatment 

Worst case scenario analysis: 57.1% in the CD group compared to 75.8% treatment success in 

the iHT group (difference: -18.7% with one-sided 95% CI lower limit: -28.3%). 

Complete case analysis: 65.7% in the CD group and 75.0% treatment success in the iHT group 

(difference: -9.3% with one-sided 95% CI lower limit: -19.9%). 

-‐3 0 -‐2 5 -‐2 0 -‐1 5 -‐1 0 -‐5 0 5 1 0 1 5 2 0 2 5 3 0

W o rs t 	  ca se 	  s ce n a r io

C o m p le te 	  ca se 	  s ce n a r io

P r im a ry 	  a n a ly s is 	  (M I)

F a vo rs 	  iH T Fa vo rs 	  C D

D if fe re n ce 	  ( lo w e r 	  lim it 	  1 -‐s id e d 	  9 5 % 	  C I)

-‐ 	  8 .9 % 	  ( -‐1 8 .9 % )

-‐ 	  9 .3 % 	  ( -‐1 9 .9 % )

-‐1 8 .7 % 	  ( -‐2 8 .3 % )

N o n -‐ in fe r io r ity 	  m a rg in

Interpretation of sensitivity analyses 
These sensitivity analyses show that results maintained a similar direction of treatment effect. 

Additionally, the magnitude of the treatment effect was similar between the primary analysis 

and complete case scenario, with a difference in point estimate of -0.4%. The difference in 

point estimate between the primary analysis and the worst case scenario was -9.8%. Since in 

the latter scenario the one-sided 95%CI lower limit for the treatment success difference lies 

below the non-inferiority limit, (75.8-28.3=47.5%, i.e. < 50% treatment success and -28.3%< 

-25% margin), the CD emerged as inferior to iHT in the worst case scenario. Inherently to 

a one-sided 95% CI, it is conventionally accepted that 5% of the distribution of treatment 

effect difference lies below the non-inferiority limit. The one-sided 95% CI lower limit of 47.5% 

implies that 5% of the distribution of treatment success in the CD group lies below 47.5% in 

the worst case scenario. Calculation of the proportion of the distribution of treatment success 

lying between the one-sided 95%CI lower limit of 47.5% and the non-inferiority limit, gives 

a value of 2.6%. This means a percentage of 7.6% of the distribution lying below the non-

inferiority limit instead of the conventionally accepted 5%. In view of the worst case scenario, 

the 2.6% extra crossing of the non-inferiority limit can be considered very small. Namely, the 

worst case scenario provides the most stringent possible scenario for the CD group since all 

missing treatment effect data in this group are considered to be treatment failures whereas 

all missing treatment effect data for the iHT group are considered to be treatment success. 

Exploration of the last available observations of children with missing data, however, revealed 
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that some indeed failed treatment at a prior time point, while others were successfully treated, 

both numbers being similar. Therefore, the worst case scenario seems unrealistic. The primary 

analysis indicating that CD treatment is non-inferior to iHT can thus be considered robust.
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APPENDIX II. Pre-defined exploratory subgroup analyses of treatment success, statistically 

tested with interaction effects in logistic regression analyses

Interaction effect

T1 OR (95% CI) P-value

Treatment by Diagnosis typea 1.31 (0.64-3.68) 0.61

Treatment by Age categoryb 1.50 (0.53-4.25) 0.44

T2

Treatment by Diagnosis typea 1.55 (0.55-4.37) 0.40

Treatment by Age categoryb 1.15 (0.40-3.35) 0.80

T3

Treatment by Diagnosis typea 1.47 (0.48-4.50) 0.50

Treatment by Age categoryb 0.89 (0.29-2.74) 0.84
a functional abdominal pain (syndrome) versus diagnosis irritable bowel syndrome as reference 

category 
b age ≥ 13 years versus age younger <13 years as reference category 
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APPENDIX III. Logistic regression analysis to identify factors predicting treatment success at T3

Univariate analysis Multivariate analysis

Predictor*
OR 

(95% CI)

P- 

value

Adjusted OR

(95% CI)

P- 

value

Gender (male vs female) 2.81 (1.40-5.66) 0.00 2.78 (1.33-5.81) 0.01

Age (in years) 0.89 (0.80-0.98) 0.02

Including center (academic vs teaching 

center)

0.93 (0.51-1.71) 0.83

Diagnosis (FAP(S) vs IBS) 1.31 (0.76-2.26) 0.33

Duration of symptoms (in years) 0.91 (0.84-0.99) 0.02 0.89 (0.82-0.98) 0.02

School absenteeism (yes vs no) 1.32 (0.69-2.53) 0.39

Hypnotic susceptibility 0.92 (0.73-1.17) 0.49

Baseline depression (RCADS-25) 0.87 (0.78-0.98) 0.02

Baseline anxiety (RCADS-25, total score) 0.98 (0.95-1.01) 0.19

Baseline somatization non-GI symptoms 

(CSI)

0.98 (0.96-1.00) 0.05

Baseline problem focused coping potential 

(PBQ)

1.27 (0.92-1.76) 0.15

Baseline emotion focused coping potential 

(PBQ)

0.92 (0.65-1.29) 0.62

Baseline negative beliefs (PBQ) 0.41 (0.24-0.68) 0.00 0.38 (0.21-0.66) 0.00

Baseline problem focused coping 

(CCSC-R1)

1.24 (0.74-2.07) 0.42

Baseline positive cognitive reframing 

(CCSC-R1)

1.08 (0.65-1.79) 0.77

Baseline distraction strategies (CCSC-R1) 0.94 (0.44-2.04) 0.88

Baseline avoidance strategies (CCSC-R1) 1.58 (0.83-3.01) 0.16

Baseline support seeking strategies 

(CCSC-R1)

1.02 (0.65-1.60) 0.94

Baseline QoL physical well-being 

(KIDSCREEN-52)

1.03 (0.99-1.06) 0.08

Baseline QoL psychological well-being 

(KIDSCREEN-52)

1.00 (0.97-1.03) 0.85

Baseline QoL moods & emotions 

(KIDSCREEN-52)

1.01 (0.99-1.04) 0.42

Baseline QoL self-perception 

(KIDSCREEN-52)

1.03 (1.00-1.06) 0.02
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Baseline QoL autonomy (KIDSCREEN-52) 1.01 (0.98-1.04) 0.50

Baseline QoL relations with parents & 

home life (KIDSCREEN-52)

1.01 (0.98-1.04) 0.69

Baseline QoL social support & peers 

(KIDSCREEN-52)

0.99 (0.97-1.02) 0.55

Baseline QoL school environment 

(KIDSCREEN-52)

1.02 (0.99-1.05) 0.20

Baseline QoL social acceptance (bullying) 

(KIDSCREEN-52)

1.02 (0.99-1.05) 0.20

Baseline QoL financial resources 

(KIDSCREEN-52)

0.99 (0.96-1.02) 0.47

Treatment expectations child 1.03 (0.88-1.20) 0.69

Treatment expectations mother 1.18 (0.95-1.45) 0.13

Treatment expectations father 0.95 (0.78-1.15) 0.60

Allocated treatment (CD vs iHT) 0.67 (0.38-1.17) 0.16 0.65 (0.35-1.20) 0.16

* For continuous predictors the OR should be interpreted as the change in OR with one unit increase in 

the predictor value



218

APPENDIX Iv. Significant covariates included in multivariate mixed model analyses of pain 

frequency (PFS) and intensity (PIS) scores

Included covariates Parameter estimate (95% CI) P-value#

Pain Frequency Scores

Gender (male vs female) -1.58 (-2.87 to -0.29) 0.017

Baseline age (in years)  0.35 (0.14 to 0.56) 0.001

Baseline negative beliefs (PBQ)  2.76 (1.66 to 3.86) <0.001

Baseline avoidance strategies (CCSC-R1) -1.70 (-3.06 to -0.34) 0.015

Baseline PFS  0.36 (0.25 to 0.49) <0.001

Pain Intensity Scores

Gender (male vs female) -2.15 (-3.40 to -0.91) 0.001

Baseline negative beliefs (PBQ)  3.34 (2.35 to 4.33) <0.001

Baseline QoL school environment 

(KIDSCREEN-52)

-0.08 (-0.14 to -0.02) 0.013

Baseline PFS  0.22 (0.08 to 0.35) 0.01

CI = confidence interval

#: F-test for fixed effects

Parameter estimates for continuous covariates should be interpreted as change in pain score with one 

unit increase in the baseline covariate value. 

Covariates were selected using a backwards elimination procedure with a significance level set at 

P<0.05 of variables identified in univariate analysis (with P<0.30).


