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Abstract
Background & Aims:
Online psychotherapy has been successfully used as supportive treatment in many chronic illnesses. However, there is a lack of evidence on its role in the management of gastrointestinal (GI) diseases. Therefore, this systematic review aimed to examine whether online psychological interventions improve mental and physical outcomes in gastrointestinal diseases.
Methods:
We searched CINAHL Plus, MEDLINE, EMBASE, Health Management Information Consortium, PsycINFO, British Nursing Index, Cochrane Library, a specialised register of the IBD/FBD Cochrane Group, MEDLINE (PubMed) WHO International Clinical Trial Registry, ClinicalTrials.gov, and reference lists of all papers included in the review. The Cochrane Risk of Bias Tool was used to assess internal validity. Where possible, data were pooled using random-effects meta-analysis.
Results:
We identified 11 publications (encompassing nine studies) meeting inclusion criteria. (one study had a high risk of selection bias (allocation concealment), all studies had a high risk of performance and detection bias. Eight studies were included in the meta-analyses (6 on irritable bowel syndrome (IBS) and two on inflammatory bowel disease (IBD)). Online CBT was shown to significantly improve gastrointestinal symptom-specific anxiety (MD: -8.51, 95% CI -12.99 to -4.04, p=0.0002) and lessen symptom induced disability (MD: -2.78, 95% CI -5.43 to -0.12, p=0.04) in IBS at post intervention. There was no significant effect of online CBT on any other outcomes in IBS. No significant effect of online psychotherapy was demonstrated in IBD.
Conclusions:
There is insufficient evidence to demonstrate the effectiveness of online CBT to manage mental and physical outcomes in gastrointestinal diseases. 

Systematic Review Registration: PROSPERO CRD42016052321.  
Keywords: Psychotherapy, Computerised, Anxiety, Depression, IBS, IBD, functional gastrointestinal disorders (FGiDs).

Introduction
The prevalence of depression and anxiety has been found to be high in patients with gastrointestinal (GI) disorders, with rates of over 30% commonly reported 1, and with the prevalence as high as 80% during disease flares 2. Studies show that stressful life events can worsen the symptoms of digestive disorders 3, 4. Conversely, the aggravation of the GI symptoms can be attributed to the worsening of co-morbid psychological disorders 1, 5. It is now understood that the interactions between the digestive tract, and its microbiome, and the central nervous system are bidirectional and form the gut-brain-microbiota axis (GBA) 6, 7. 

Recent research suggests that the management of GI disease can be improved by reducing stress with support from psychological interventions, which in turn improves health-related quality of life (HRQoL) and medication adherence 8, 9. Psychotherapy has been used with good effects in chronic diseases 10-12 and has shown promise in patients with GI diseases 13. 

The widespread use of psychotherapy is limited for GI conditions, and one of the reasons suggested for this is the limited psychological resources available in these populations 14. To overcome this barrier, online approaches to psychotherapy have been proposed.

In general, there is controversy about the effectiveness of online cognitive-behavioural therapy (CBT) to manage mental disorders, with two recent systematic reviews presenting contradictory findings 15, 16. A subsequent large trial (n=691), which compared two types of computerised CBT with usual general practitioner (GP) care, showed that online CBT does not significantly improve depression outcomes 17. However, a subsequent trial by the same team found that the addition of telephone support can enhance the short-term effectiveness of online CBT in depression and other psychological symptoms 18. 
In the context of chronic physical illness, a similar controversy exists. One systematic review showed that online self-help interventions could decrease distress and improve the management of chronic diseases 19, while another indicated only a moderate effect of online CBT in the treatment of psychological distress in patients with physical illness 20. 

The use of online interventions in gastroenterology is increasing due to rising demand, limited healthcare resources 21 and its cost-effectiveness 15, 22. This mode of intervention delivery can also be well received by patients 23, 24. A cross-sectional (n=102) survey of IBD patients documented preference towards online rather than face-to-face (F2F) interventions 25. 

A systematic review 21 of online interventions in gastroenterology (including psychological therapies) showed benefits in HRQOL for at least one year, improved adherence to medications, disease knowledge and reduced bowel symptoms and healthcare costs. These results were confirmed in a more recent systematic review which looked at online interventions use in IBD only 22. However, despite being well performed, these reviews used a limited definition of the search terms, both used only three databases for the search strategy, no meta-analysis was undertaken, and they offered a limited critical appraisal of the evidence, and thus it is difficult to judge whether their findings are robust. 

The present systematic review and meta-analysis aimed to establish whether online psychological interventions improve mental and physical health outcomes in gastrointestinal diseases, with a comprehensive search strategy; a broad definition of the search terms; a wider range of databases; application of a formal risk of bias tool for randomised controlled trials; formally pooled studies in a meta-analysis; and inclusion of studies up to February 2017.

Methods
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist was used for the reporting of this systematic review and meta-analyses 26. The protocol was registered in PROSPERO (CRD 42016052321). 
Eligibility Criteria 
Types of studies
Inclusion criteria:
· Randomised, quasi-randomised and non-randomised controlled trials of psychological interventions in children and adults with gastrointestinal diseases 
Exclusion criteria:	
· Conference abstracts 
· Observational studies, including all non-controlled experimental designs 
· Secondary studies (e.g. reviews, guidelines, commentaries)
· Studies that did not have a comparison group
· Studies for which a full text was not available 
· Studies that were not published in English that could not be translated
Types of participants
Inclusion criteria
· Studies referring to adult and/or paediatric populations with gastrointestinal diseases diagnosed using any well-established criteria (e.g. ROME criteria for IBS) and where disease course is monitored using well-established scales or tests (e.g. CDAI, faecal calprotectin, colonoscopy).
Exclusion criteria
· Studies examining tumours, infections and acute diseases of the gastrointestinal tract
Type of exposure
Inclusion criteria
· Studies investigating all types of online psychological interventions in GI diseases 
· No restriction on the type of medication used for gastrointestinal symptoms
Exclusion criteria
· Studies focusing on other psychological variables such as personality
Types of comparator
· Any comparison group (e.g. patients receiving standard care or on the waiting list, or receiving alternative therapies). 
Types of outcomes
Inclusion criteria
Primary outcomes
· The remission rate in patients with gastrointestinal diseases. For the FGiDs, the severity of symptoms.
Secondary outcomes 
· Rates of anxiety and depression and/or mean levels of anxiety and depression (symptoms or diagnosis, reported separately) co-existent with gastrointestinal diseases (based on validated screening scales, e.g. the Hospital Anxiety and Depression Scale (HADS));
· Levels of stress; 
· Levels of coping;
· Levels of HRQoL (based on validated screening scales (e.g. the IBDQ)); 
· Any related outcomes (e.g. reduced time off work or school, sick leave, hospitalisation (frequency and length), pain, adverse events, trial withdrawal and attrition).
Exclusion criteria
· Studies that did not report the outcomes of interest
· Studies using mood scales with no independent anxiety or depression scale/dimension
· Studies with non-validated outcome measures 

Data Sources and Searches
A systematic and comprehensive literature search of the following databases were conducted on the 19th of February 2017: CINAHL Plus (EBSCO), Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present, EMBASE (Ovid), Health Management Information Consortium (HMIC) (Ovid), PsycINFO (Ovid), British Nursing Index (BNI) (ProQuest), Cochrane Library (Wiley) including specialised register of the IBD/FBD Group, MEDLINE (PubMed), WHO International Clinical Trial Registry, ClinicalTrials.gov, reference lists of all papers included in the review. The search strategy had no restrictions on publication date or language.
Search strategy 
The search was developed in MEDLINE using population and intervention terms to broaden the search. To make it more precise, the terms of the mode of delivery of the intervention were used, for instance, online, e-health, and telemedicine. Then, it was adapted to the other databases. The full search strategy can be found in the Supplementary Materials (Appendix 1-8). 

Data extraction and management
The selection process was performed independently by two reviewers (IH and KB) to reduce the potential risk of bias. Disagreements were resolved by consensus or through discussion with a third reviewer (CH or AMW). Extracted data included: authors, year of publication, country of origin, design, setting, participant characteristics (disease type, age, gender and disease activity status), sample size, intervention (type and duration), outcome measures, results for the main outcome measures and attrition. 

Risk of bias assessment 
The included studies were assessed for internal validity using The Cochrane Risk of Bias Tool for randomised controlled trials 27 and ROBINS-I (a tool for assessing the risk of bias in non-randomised studies of interventions) 28 for quasi-experimental and controlled non-randomised trials.   

Data synthesis and analysis
The robustness of the evidence was assessed by considering the risk of bias, suitability of study design to the research objective, choice of outcome measure, statistical analysis, quality of reporting, and generalisability of findings 29, 30. 

The meta-analysis of included studies (with the same type of outcome measures, similar methodologies, and homogenous samples) was performed using random-effects meta-analyses using Review Manager (RevMan-5) software. The analysis followed the Cochrane Handbook statistical guidelines 31. 

If the study used more than one tool to measure the outcome of interest, the assessment by clinician rather than self-reported questionnaires was prioritised. Self-report questionnaires were used where assessment by a clinician was not available. To combine continuous data, weighted mean differences (MD) with 95% confidence intervals (CI) were used for the same validated rating scales and standardised mean differences (SMD) with 95% confidence intervals (CI) when different validated rating scales which measured the same underlying concept were reported. Standard deviations were calculated from standard errors and confidence intervals using standard formula 31. If multiple interventions were explored, the results from all arms that received the intervention of interest were combined and treated as an intervention group, and all participants without online CBT intervention were regarded as a control group. 

The studies were pooled separately for each outcome using four different points of follow up: post-intervention assessment, 3-month, 6-month, and 12 months or over. Studies with an adult population were combined separately to that of the adolescent or child populations. Data from wait list design studies were only included until the point at which the control group received the intervention as after this point they no longer retained a comparator arm meeting the inclusion criteria.

If a mixture of change scores and final scores were to be pooled in the same meta-analysis, then this was still undertaken if the same outcome measures were used but if different scales were used then the meta-analysis was not performed. 

The data on anxiety, depression and stress from studies on IBS and IBD were combined in the meta-analyses. This was decided based on the evidence that in both disorders brain and gut interact bidirectionally through the gut-brain-microbiota axis 32-34. Through this mechanism, a gut microbiota can influence stress response, anxiety and depression, and psychological disorders can be attributed to the worsening of the co-morbid symptoms of the GI disease 4, 5, 35-37. 
Study heterogeneity was assessed with Cochrane’s Q (chi-square) and measured with the I-squared (I2) statistics 38. The level of significance for heterogeneity was p< 0.10.  The level of significance for heterogeneity was p< 0.10.  An I-squared value 25% was considered as low, 50% as moderate, and 75% as high heterogeneity 39. 
Result
Results of the search 
A total 2,627 references were identified (Figure 1). There were 22 full-text articles assessed for eligibility, and 11 met the inclusion criteria and were included in the systematic review. Table 9 in the Supplementary Materials gives more details about the excluded studies and the reasons for exclusion.  
INSERT FIGURE 1 HERE
Included Studies
All nine of the included studies (11 articles) were randomised controlled trials (RCT) and conducted between 2009 and 2017 40-50. The majority of included studies were conducted in Sweden 41, 42, 44-46, and one study was from each of the following countries: Australia 49, 50, Netherlands 47, New Zealand 48, the USA 40 and the UK 43. 

Sample sizes ranged from 54 40 to 199 48. The total sample size across these studies was 1080; this excludes data from the two studies that were associated papers of two already included studies using the same patient cohort 41 50. 

With regards to the type of GI disease, eight papers ( including seven studies) examined IBS 40-47 and three papers (including two studies) IBD 48-50. The follow-up time varied in the studies, with the majority of studies employing just a post-intervention assessment, with the longest follow up being 24 months 50. The characteristics of the extracted studies are presented in Table 1. Because many studies provided several outcomes and some of them were collected at a few different follow-up points, the results of the outcome measures are presented in separate tables (Supplementary Materials: Table 3-8)
[bookmark: _Ref486667173]INSET TABLE 1 HERE
Interventions 
The psychological intervention explored in all included studies was online CBT, hence the planned analysis of the effect of each individual psychological intervention on the physical and mental outcomes was not feasible. The duration of the intervention varied, the majority of participants received a ten-week internet-delivered CBT course 41, 42, 44-46, 49, single studies received eight-week 48, six-week 43, five-week 40 and four-week 47 interventions. Along with CBT, the participants in the intervention groups received some therapist support via e-mail or text messages 40-47, and the participants in two other studies could contact a psychologist if required 48-50. Additionally, participants of two studies had access to a group online treatment discussion forum 44, 45. For one study 49 the patients in the intervention arm could choose the mode of delivery of CBT, face-to-face (n=22) or online (n=68). For this systematic review, since 75% of patients selected online delivery we did not disaggregate the results by mode of delivery and included all those allocated to receive CBT as the intervention group.


Control group participants in most studies were on a wait-list 40-42, 44, 45 or received standard usual care 47-50. In one study 43 participants were randomised to 9 different groups: 1) website only CBT + Mebeverine, 2) website only CBT + Methylcellulose, 3) website only CBT + placebo, 4) website CBT + support + Mebeverine, 5) website CBT + support + Methylcellulose, 6) website CBT + support + placebo, 7) no website + Mebeverine, 8) no website + Methylcellulose, 9) no website + placebo. Therefore, for this systematic review, the control group was all those participants who did not receive online CBT. In another study 46, the control group received internet-delivered stress management (ISM) intervention. 
Outcomes measures 
The summary of the outcome measures reported in the included studies is presented in Supplementary Materials Table 2. 

Characteristics of included participants
The majority of the included studies involved adults participants. Only one study (n=101) examined an adolescent (age 13–17 years) population 42 (hence were not included in the meta-analyses), and another study included participants from the age of 16 years onwards 43. In the studies with adult populations, the mean age varied from 34.6 (9.4) to 49.11 (16.47). In the majority of studies, there were more females than males, except for the study by Mikocka-Walus et al., 49, where the male population was slightly larger at 54%. The shortest mean duration of symptoms was 6.3 years 41, 45 and the longest was over 14 years 46, 49, 50. In the study with adolescents, the parent-reported mean duration of symptoms was 5.12 (SD=4.11) years 42. Three studies did not report on the length of symptoms or years since diagnosis 40, 47, 48.    

Severity of anxiety and/or depression
Of the six studies reporting severity of anxiety and depression, patients in two studies (n=373) had low anxiety and depression score means at baseline 48-50, in three studies patients (n=330 adults; n=101 adolescents) had mild anxiety scores 42, 43, 46, and in one study patients (n=85) had mild scores for depression MADRS-S Mean (SD) = 12.19 (7.8) 45. 

Four studies by design excluded participants with severe depressive symptoms 45, 46, 48-50, one with severe psychosocial or psychiatric distress 42 and two due to psychological disorders but did not specify which disorders 44, 47. The final study did not provide the patients' baseline level of anxiety or depression or describe these characteristics in the exclusion/inclusion criteria 40.  

Risk of bias assessment
Different sources of bias in the included studies are presented in Supplementary Materials Table 1 and Figure 1. All studies were considered to have a high risk of performance and detection bias. Some authors attempted to partially blind the participants 46, 49 or the researchers who rated the scales to the symptom severity 40 (Supplementary Materials Table 1). The attrition rates varied amongst the studies (Table 1). 

Data synthesis and meta-analysis
The heterogeneity varied from low to high in the meta-analyses, and the random-effects model was used in all of them due to clinical and/or statistical heterogeneity (Figure 2 - 5). 

Data synthesis and meta-analysis of the IBD disease activity and IBS severity of symptoms
Only one study reported remission rate for IBD 49. All studies, except for one 47, reported disease activity or severity of symptoms. Therefore, in this systematic review, we analysed the mean score for IBD disease activity, but not the IBD remission rates as was anticipated initially. The IBS severity of symptoms was reported in six studies (Table 1), involving a total of 631 people 40-46 and two studies reported the disease activity for IBD (n=373) 48-50. Two papers reported on the same cohort but used different units to report the outcome hence were not included in the total number, and data from one of them only were combined in the meta-analysis  41, 45. One study assessed an adolescent population (n=101) 42. All these studies have reported the outcome of the post-intervention assessment. After that, patients were not followed-up or were on a wait-list and crossed-over into the interventions. Only one study had three months follow-up 43 and one six months 46. The results from all, except one 43 of the studies reporting the level of severity of IBS symptoms demonstrated that online CBT improved gastrointestinal symptoms in the adolescent and adult populations with IBS at the point of post-intervention assessment. There was no difference in the IBD disease activity reported in one study 49, 50 and an improvement in the IBD disease activity in the online CBT group only for the completers of the online programme, compared to the control group in the other study 48. The meta-analyses for IBS severity and IBD disease activity are presented in Figure 2a,b.

                                              INSERT FIGURE 2 HERE

 Meta-analysis of data on the severity of symptoms for IBS
The pooled standardised mean difference shows a positive effect of online CBT compared to control, but this difference was not statistically significant (SMD: -0.59, 95%CI -1.21 to 0.04, p=0.07) (Figure 2a). 

Despite the fact that the study by Everitt et al., 43 (n=135) carried the second biggest weight in the meta-analysis, there was a slight discrepancy between the number of patients in the CONSORT diagram and the text of this study. A study by Hunt, Moshier and Milonova 40 reported only data for completers only, thus also introduces bias in the analysis. Therefore, the meta-analysis was repeated this time excluding the two studies (Figure 2b).

All three studies favour the intervention concerning the post-intervention effect on symptom severity 44-46. The pooled mean difference was -9.63 (95% CI -16.18 to -3.08) in favour of the intervention and this difference was statistically significant (p=0.004). 

Meta-analysis of data on the disease activity in Ulcerative colitis (UC)
One study reported this outcome at three and six months 48 and another study at six, twelve and 24 months 49, 50.  The meta-analysis was conducted using the six months follow-up data (Figure 2b). 
 
The disease activity as measured on the SCCAI (UC and IBD-U) for the patients who received online CBT intervention was higher than for patients in the control group but was not statistically significant (MD: -0.71, 95% CI -1.85 to 0.44, p=0.23). 

Meta-analysis of data on the disease activity in Crohn's disease (CD)
Only two studies reported disease activity for the CD group alone. McCombie et al., 48 reported the change from baseline score on the HBI (CD) scale, while another study reported a final outcome score and used the CDAI to assess the disease activity 49, making it not feasible to conduct the meta-analysis here.
                                               INSERT FIGURE 3 HERE

Data synthesis and meta-analysis of the mean levels of anxiety and depression
[bookmark: _Ref494556279]Not all studies that reported on the level of anxiety also reported the level of depression. The total population of individuals in the studies that reported the mean level of anxiety was 804 42, 43, 46, 48-50, of which 101 were adolescents, and the overall sample size in the studies that reported the mean level of depression was 788 42, 43, 45, 46, 48-50. There was no statistically significant difference on anxiety or depression between online CBT and control groups reported in the individual studies (Supplementary Materials Table 4). 

Two studies reported anxiety at post-intervention 43, 46, two studies at three months follow-up 43, 48, three studies at six months follow-up 46, 48, 49 and only one reported anxiety at 12 and 24 months follow-up 50. All of these studies used the HADS anxiety scale to measure anxiety and only one study presented data as a change score on this scale 48. There was little evidence of a difference in average anxiety scores as measured by the HADS at any of the time-points assessed (MD post-intervention: 0.47, 95% CI -0.62 to 1.56; 3-months: 0.51, 95% CI -0.46 to 1.48; 6-months: -0.54, 95% CI -1.34 to 0.26) (Figure 3b).

The level of depression was reported at post-intervention assessment in two studies 45, 46, at three months follow-up in one 48, and at six months follow-up in two studies 46, 49, 50 and only one author presented data at 12 and 24 months follow-up  49, 50. All studies, except one 45, which used MADRS-S, used the HADS to assess the level of depression. The meta-analyses were performed at post-intervention and six months of follow-up. There was little evidence of a difference in average depression scores either post-intervention (SMD: -0.18, 95% CI -0.59 to 0.23) (Figure 3a) or at 6-months (MD: -0.38, 95% CI -1.09 to 0.34) (Figure 3b).

Data synthesis and meta-analysis on the level of coping
Of two studies reporting the level of coping, one reported total maladaptive and total adaptive scores 49, whereas another study reported the results for total maladaptive coping, but adaptive coping was presented as two components of this score: problem-focus and emotional-focus coping 48. There was no statistically significant difference reported between groups on the total level of coping in two studies (sample n=373) that examined this outcome (Supplementary Materials Table 5) 48-50. Though, in one of the studies, the results varied for different components of the score at six months follow-up 48. One study reported this outcome at three and six months of follow-up 48 and other at six, 12 and 24 months of follow-up. Therefore, only maladaptive coping scores from both studies at six months were combined (Figure 3b); there was little evidence of a difference between the online CBT and control (MD: 0.38, 95% CI -1.91 to 2.67).

Data synthesis and meta-analysis of the levels of stress
There was no significant difference reported between groups on the level of stress in four individual studies (n=669, of which adolescent n=101) (Supplementary Materials Table 6) 42, 46, 48-50.  Three studies assessed the level of stress in adults, one at post-intervention 46, one at three months 48, three at six months 46, 48-50 and one at 12 and 24 months of follow-up 49, 50. Three studies reporting outcomes at six months could not be combined using the common effect measure due to the use of a different scale and a change score 48. Therefore, two meta-analyses were performed, one where a different scale was used and raw data were available (Figure 3a), and one where the same scale was used, but a mixture of a raw and change score data was used (Figure 3b). Both models examining the level of stress found little evidence of difference between the online CBT and control groups (Figure 3a; SMD 0.07, 95% CI -0.22 to 0.35 and Figure 3b; MD: -0.16, 95% CI -2.16 to 1.85).
                                                      INSERT FIGURES 4 HERE

Data synthesis and meta-analysis of the levels of HRQoL
Of seven studies (n=707) that assessed HRQoL in IBS 40, 42-47 (Supplementary Materials Table 7), one study examined adolescent population (n=101) 42 and showed significant improvement in this outcome at post-intervention assessment. Amongst studies in adult populations, one study showed no difference in HRQoL at post-intervention assessment or 3 months follow-up 43. Three studies reported a significant improvement in HRQoL in favour of online CBT at post-intervention assessment 44-46. One study stated significant improvement in IBS-QOL at post-intervention assessment but reported only an F statistic and p-value of <0.05 or the mean (SD) for completes only 40. 

Two studies (n=373) that reported HRQoL in IBD showed no significant improvement on this outcome at any of the points of follow-up 48-50. One study that measured this outcome using two scales did not find a significant difference between the intervention and control group on either of the scales (IBDQ and SF-12) at 12 weeks and six months follow up (Supplementary Materials Table 7) 48. Other study showed that CBT improved HRQoL for patients with high scores on mental health subscales in a subgroup analysis at six months follow-up, but the longer-term effects were difficult to assess given the high attrition rate 49, 50.
 The meta-analyses showed little effect of online psychological interventions on HRQOL in IBS and IBD at any point in time (Figure 4; MD (mental): 0.73, 95% CI -2.35 to 3.82 and MD (physical): -0.34, 95% CI -3.06 to 2.38; MD (IBS-QOL post-intervention): 4.81, 95% CI - 4.03 to 13.64) and MD (IBS-QOL at 3 months follow-up): 4.28 95% CI -2.48 to 11.04). 

Data synthesis and meta-analysis of the studies reporting the related outcomes
[bookmark: _Ref486666976]Eight studies reported related outcomes (Supplementary Materials Table 8). 

                                                INSERT FIGURE 5 HERE
The meta-analyses showed little or no evidence of a difference between the intervention and control groups in total cost (including the cost of the intervention) (p=0.66) (Figure 5b). However, online psychotherapy demonstrated improved gastrointestinal symptom-specific anxiety (MD: -8.51, 95% CI -12.99 to -4.04, p=0.0002) and lessened symptom induced disability (MD: -2.78, 95% CI -5.43 to -0.12, p=0.04) (Figure 5a).

The long-term follow-up 
Only one author 50 reported follow-up over 12 months. This study shows that CBT did not significantly change disease activity, mental health, coping or quality of life (Supplementary Materials Table 3-7). At 24 months, there was significant and differential attrition (67% in the intervention group and 46 % in the control group).

Discussion
This is the first systematic review with meta-analysis which has addressed the usefulness of online psychological interventions for mental and physical outcomes in gastrointestinal diseases. The review firstly demonstrates little evidence that online CBT improves IBS symptoms severity. However, four out of five studies that examined IBS symptoms severity showed statistical significance in favour of online CBT 40, 44-46. One study 43 (n=135), which carried the second biggest weight, showed findings in the opposite direction, making the overall difference not statistically significant. This study had a slight discrepancy between the number of participants in the text of the article and the CONSORT diagram. Another study reported data only for the completers 40. A repeated meta-analysis without these two studies showed a significant improvement in IBS symptom severity at post-intervention. Therefore, future research is needed to clarify this result. 

Another systematic review which assessed the effectiveness of online CBT on IBS symptom severity showed no significant beneficial effect 13; this was based on two studies which were also included in the current systematic review 40, 45. The previous review 13 showed that CBT, dynamic psychotherapy, hypnotherapy, and multicomponent psychological therapy, delivered F2F or by telephone, were all more effective compared to control groups. Consequently, the mode of delivery appears to make a difference to the level of effectiveness of the intervention. The development of the new or improved online CBT programs might enhance the effectiveness of the intervention.

Regarding disease activity in IBD, there was no evidence that online CBT affected this outcome, which is consistent with other systematic reviews 51, 52. The studies included in our review recruited unselected patients with IBD, however, one of these trials 49 also conducted a post-hoc analysis on a subpopulation of patients, suggesting that CBT might be beneficial for patients at risk of suboptimal outcomes rather than the unselected IBD patients 49. Conducting an individual participant data meta-analysis could clarify if the interventions work across these subgroups in other studies, but was not feasible in this review. Future studies should target these subgroups of patients to explore whether this result holds.

Further, this review demonstrated no effect of online CBT on the levels of anxiety and depression, stress, maladaptive coping, HRQoL, in patients with IBD and IBS. Also, there was little or no evidence of the cost-effectiveness of online CBT intervention. These results are contradictory with a recent systematic review which showed that depression scores and quality of life in IBD patients might be improved in the short-term after psychological therapy intervention, particularly CBT, and identified the efficacy gap between online and F2F psychotherapy modalities 52. This suggests that human contact might be necessary for psychotherapy to improve the outcomes. Combining online and F2F approaches have been found to increase the effectiveness and cost-effectiveness of psychological interventions and to reduce the attrition rates 53, 54. Therefore, the researchers should consider a combination of F2F and online intervention during the design of future trials. 

Of relevance, two previous systematic reviews on the effect of online interventions in gastroenterology 21, 22 showed that online disease management improves a variety of disease outcomes such as medication adherence, disease activity, number of acute visits and healthcare costs, among others. However, the findings from the current review show little or no evidence of the effectiveness of online psychotherapy on physical or mental health outcomes or cost-effectiveness. This may suggest that disease management could be more suited to online delivery than psychotherapy though more good quality studies are needed.

Furthermore, our findings provide some preliminary evidence that online CBT may be an effective intervention for gastrointestinal symptom-specific anxiety and symptom induced disability. Both these findings came from the studies conducted by the same author 44-46, hence the generalisability of the result could be questionable, and the future studies should confirm this observation 39.  

Limitations of the studies included in the review and recommendations for future studies
There were several important issues identified in the primary studies which should be addressed in future research. First, the review was mainly based on the comparisons at post-intervention, and the long-term impact of online CBT is not known, with only one author reporting outcomes after 12 months of follow-up 50. CBT aims to teach patients to be their own therapists, to apply ideas and an understanding of the principals of CBT after the intervention ends 55. To modify firm dysfunctional beliefs and patterns of behaviour, some patients might require over a year of therapy 55. A recent trial showed long-term clinical and cost effectiveness of CBT in addition to usual care (that includes antidepressants) for certain groups with depression who were unresponsive to drug therapy alone 56. Long-term follow-up is necessary to understand the impact of online psychotherapy in GI disorders in the longer term.

Further, participants in the control groups in most of the included studies were on a wait-list 40-42, 44, 45 and were crossed over to treatment after the assessment, when the intervention group completed the treatment 40-42, 44, 45 or participants received multiple interventions 43. These factors could affect the outcomes in the control groups due to the expectation of recovery. To limit this effect, standard care should be chosen as a control in future studies.  

The majority of studies were inconsistent in their reporting. One study had a discrepancy between the numbers of participants in the CONSORT diagram and the numbers provided in the text, and the number of participants per arm for several reported outcomes was unclear 43. We contacted the author, but she could not access the trial data. One study used change scores rather than follow-up scores 48. Two studies reported outcomes for completers of the online intervention programme only 40, 48. Future studies should present the outcomes in the format facilitating meta-analysis (n, means, SD or mean difference with associated 95% confidence intervals). 

Sample sizes varied in the studies from 54 40 to 199 48, with high dropout rates. The largest study had the highest attrition rate 48. The reduction of attrition could be achieved by introducing a follow-up booster session of online CBT. CBT with a booster session has been found to be more effective and more sustainable for mood and anxiety disorders than CBT interventions without a booster session 57. Initiating partial contact with the psychologist can build the working alliance and hence encourage patients to comply with the online CBT programme. There is evidence that the working alliance between the therapist and the patients receiving online CBT for depression can be as good as in F2F psychotherapy 58. In addition, the dropout rate for patients with depression is significantly higher in CBT than in other psychotherapies 59. Future trials exploring other forms of online psychotherapies in gastroenterology populations are warranted. 

Although all studies overall met the Cochrane Risk of Bias Tool for randomised controlled trials criteria for moderate risk of bias, one of them did not use allocation concealment and was thus considered to be at high risk of bias 48. An inadequately concealed allocation schedule could be subject to exaggerated estimates of intervention effect 31. 
 
All studies were considered to have a high risk of performance and detection bias. It is often impossible to blind patients and the personnel in psychotherapy trials. Nevertheless, the knowledge of the intervention does not necessarily result in a low-quality study 31. Some authors attempted to partially blind the participants 46, 49 or the researchers who rated the scales to the symptom severity 40 (Supplementary Materials Table 1). Future studies should use blinded outcome assessment (the assessors could be masked to therapy), which is possible but rarely used in RCTs of psychological interventions 60. 

Strengths and Limitations of the present review
Strengths of this systematic review and meta-analysis lie in the use of rigorous methodology and following the protocol registered on PROSPERO. A comprehensive search strategy with a broad definition of terms, a wide range of databases including the “grey” literature, with no language restriction was performed, and a formal critical appraisal tool was used. The screening of the titles and assessment of eligibility for inclusion was performed independently by two reviewers. A second reviewer also checked the quality and risk of bias assessment. 

This review unavoidably has some limitations. There was significant heterogeneity between included studies in most of the meta-analyses, but the sources of this heterogeneity were not explored due to a small number of studies included. Furthermore, it was not possible to assess evidence of publication bias or to conduct subgroup analyses due to the small number of studies included in the meta-analysis.

To minimise language bias, we did not exclude studies published in languages other than English. However, during the screening process of titles and abstracts, none of the articles published in other languages was selected for the full-text assessment. Retrieval bias in favour of studies published in English cannot be discounted due to the nature of the databases used and given that the search strategy was developed in English. 

Conclusions 
This review was conducted to examine the effect of online psychological interventions on physical and mental health outcomes in GI diseases. The present systematic review suggests insufficient evidence of an association between online CBT and disease severity/activity, level of anxiety and depression, stress, maladaptive coping, HRQoL, and cost-effectiveness in patients with IBD and IBS. However, online psychotherapy was shown to improve gastrointestinal symptom-specific anxiety and lessen symptom induced disability. These results may suggest that human contact might be necessary for CBT interventions to work. Future studies should examine long-term effectiveness of online therapies including interventions other than CBT and groups of patients likely to benefit from psychotherapy, use uniform instruments for the outcome measure, report data in a format suitable for meta-analysis, employ larger sample sizes and use strategies to reduce high attrition levels and differential attrition. 
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Table 1 Characteristics of studies*
	Study ID
	Country of origin and Setting
	Design
	Participants
(diagnosis, age, gender and disease activity status)
	Sample size
	Interventions (type and duration)
	Outcomes
	Attrition
	Duration of follow up
	Comparison treatment, co-interventions

	
	
	
	
	
	
	
	
	
	

	(Andersson et al., 2011)
41
(Ljotsson et al., 2010) 45
	Sweden,
self-referred IBS patients from the general adult population 
	RCT
	IBS, Rome III criteria; 
male/female 13/72,
Age mean years (SD):
total = 34.6 (9.4), Years since diagnosis mean years (SD) total = 6.3 (7.3).
	Total (n= 85)
IG1 (n=42)
CG2 (n=43)

	10-week online CBT with therapist support via e-mail
	TIC-P; The GI symptom diary;
GSRS-IBS; Total pain; IBS-QOL; VSI; MADRS-S; Sheehan disability scales
	post-intervention:
IG 9.5% (n=4)
CG (n=0)
3 months: IG 9.5% (n=4)
	10 weeks,
3 months for IG
	wait-list with a discussion forum, after 10 weeks switched to the active intervention

	(Bonnert, 2017) 42



	Sweden, primary, secondary and tertiary care clinics
	RCT
	IBS, Rome III criteria; subtype: constipation 30%, diarrhoea 15%, mixed 55%.
Age mean years (SD):
total =15.54 (1.56); Adolescents (age 13–17 years).
	Total (n=101)
IG (n=47)
CG (n=54)
	10 weeks online CBT
	GSRS-IBS; Faces;
Pain frequency; PedsQL; School absence; VSI; PSS;
SCAS; CSI-24; CSQ;
IBS- BRQ.
	post-intervention IG 6.4% (n=3);
CG 5.7% (n=3);

6 months follow-up (n=5) in IG

	6 months after the intervention (IG)
	wait-list, after the post-intervention assessment at 10 weeks crossed over to the online CBT

	(Everitt et al., 2013) 43



	The UK, recruited via GP practices in Southampton
	RCT
	IBS, Rome III criteria; moderate severity of IBS 
Age years (16 - 60) 
Age mean years (SD): total = 44.39 (10.33), females = 78%. The mean length of symptoms 10.8 years (SD = 8.7). 
	Total (n=135)
IG (n=90) 
CG (n=45)
 

	6 weeks online CBT self-management programme (Regul8) or online CBT + telephone support.
Alongside all participants received mebeverine or methylcellulose or placebo.
	IBS SSS score; 
IBS-QOL; HADS; PEQ; SGA of Relief.
	post-intervention 7% 
12 weeks 9%
	12 weeks
	standard patient information and mebeverine or methylcellulose or placebo

	(Hunt et al., 2009) 40


	The USA recruited via various IBS relevant websites
	RCT
	IBS, self-selected cohort,
(44 female, 10 male). 
Age mean years(SD):
total = 38.52 (10.91)
 
	Total (n=54)
IG (n=28) 
CG (n=26)
	5 weeks online CBT
	GSRS-IBS; ASI; 
IBS–QOL; CPSQ.


	6 weeks: 
IG 53%, (n=15) CG 31% (n=8) 
3 months:
IG 64 % (n=18) 

	6 weeks IG and CG;
3 months for the IG
	wait-list, after post-intervention assessment at 6 weeks crossed over to online CBT.

	(Ljotsson et al., 2011a) 44
	Sweden, sample from a gastroenterological clinic, referral or self-referral
	RCT
	IBS, Rome III criteria, 
74% females. Age mean years (SD): total = 34.9 (11.3); subtype 21% constipation, 30% diarrhoea, 49% mixed).
	Total (n=61) IG (n =30)
CG (n = 31)
	10 weeks online CBT 
	GSRS-IBS; VSI
	post-intervention
IG 23% (n=7)
CG 12.9% (n=4)
	10 weeks
	waiting list, after post intervention assessment at 10 weeks crossed over to online CBT.

	(Ljotsson et al., 2011b) 46


	Sweden, internet-recruited 
	RCT
	IBS, Rome III-criteria, telephone interview with a psychologist skilled with IBS and reviewed by a gastroenterologist. Age mean years (SD): total = 38.9 (11.1), years with IBS (SD) 14.9 (11.2). 79% female.
	Total (n=195) 
IG (n=98) 
CG (n=97)
	10 weeks online CBT, and online closed discussion forum, where the participants discuss the treatment. 
	GSRS-IBS; IBS-QOL;
VSI; PSS; HADS anxiety and depression;
	post-intervention IG 1%; CG 3% 
6-months 
IG 11%, CG 15% 
	6 months
	ISM (relaxation, dietary advice, problem-solving, sleep hygiene).  

	(McCombie, 2016) 48



	New Zealand,
hospital gastroenterology outpatient clinic, Nelson Crohn's and Colitis Support group, private clinics, database from previous observational studies, unrelated to this RCT 
	RCT
	IBD clinically established.
Age mean years (SD):
total = 38.86 (12.36)
IBD CG group Crohn's disease 62 (72.1), Ulcerative colitis 20 (23.3%), IBD-unspecified 4 (4.7%).
	Total (n=199)
IG (n=113)
CG (n=86)
	8 weeks online CBT
	IBDQ; HRQOL (SF); HADS anxiety and depression; SCCAI (UC and IBD-U); HBI (CD); Brief COPE; PSS-10; SFQ; EPQ.
	12 weeks, 
IG 42.5% 
CG 9.3%. 
6 months 
IG 53.1% 
CG 17.2% 
	6 months
	Treatment as usual (TAU)

	(Mikocka-Walus et al., 2015) 49

(Mikocka-Walus et al., 2016a) 50

	Australia, Gastroenterology Clinics
	RCT
	IBD clinically established.
Age mean years (SD):
total = 49.11 (16.47); male= 54%, Years since diagnosis mean (SD):
 IG = 11.8 (10.4)
CG = 11.7 (11.8) 
 Years with IBD symptoms mean (SD):
IG 16.1 (12.1); 
CG=14.3 (11.7)
	Total (n=174) 
IG (n=90: F2F=22, 
online =68)
CG (n=84).
	10 weeks CBT
+CBT arm had two subgroups: F2F CBT and online CBT 
	HRQOL (SF) IBDQ	
HADS anxiety and depression; Brief COPE; RSRRS;
STAI; CDAI; SCCAI (UC and IBD-U).
	6 months: 
IG 43.3% (n=39); CG 22.6% (n=19)
12 months: 
IG 53.3% (n=48); CG 23.8% (n=20)
24months:
IG 66.6% (n=60)
CG 46% (n=39)
	6 months, 12 months,


24 months
	Standard care (SC)



	(Oerlemans, 2011) 47


	Netherlands, 
GPs and through advertisements by the Dutch IBS patient association. 
	RCT 
	IBS, Rome III criteria 
Age mean years (SD):
total = 38.31(13.89)
Female 85 %

	Total (n=76)
IG (n=37)  
CG (n=39) 
	4 weeks online CBT 
	IBS-QoL; Abdominal pain; PCS; CSFBD
	post-intervention IG 2.7% (n=1) 
CG 5.1% (n=2)
3 months 
IG 29% 
CG 7.7% 
	4 weeks 

3 months
	Standard care (SC)


Note: 1- (IG) intervention group, 2 - (CG) control group; CBT - cognitive behaviour therapy; F2F - face to face; GSRS-IBS - Gastrointestinal Symptom Rating Scale; (IBS SSS score) - Irritable Bowel Symptom Severity Scale; SCCAI (UC and IBD-U) - Simple Clinical Colitis Activity Index (ulcerative colitis); CDAI - Crohn’s Disease Activity Index; (HBI) (CD) - Harvey-Bradshaw Index; HADS - Hospital Anxiety and Depression Scale; VSI - Visceral sensitivity index; (MADRS-S) - The Montgomery Åsberg Depression Rating Scale-- Self report;  STAI - the State-Trait Anxiety Inventory; SCAS - Spence Childhood Anxiety Scale; ASI  = Anxiety Sensitivity Index; PSS-10 - perceived stress questionnaire; RSRRS - Revised Social Readjustment Rating Scale;  IBS–QOL - IBS Quality of Life Impairment; PedsQL - Paediatric Quality of Life Inventory; IBDQ - Inflammatory Bowel Disease Questionnaire; HRQOL (SF) - health-related quality of life short form; TIC-P - Trimbos and Institute of Medical Technology Assessment Cost Questionnaire for Psychiatry; CSI-24 - Children’s Somatisation Inventory- parents version; CSQ - Client Satisfaction Questionnaire; PEQ - Patient Enablement Questionnaire; IBS - BRQ - behavioural responses questionnaire; SGA of Relief - Subjects Global Assessment of Relief; CPSQ - The Consequences of Physical Sensations Questionnaire; SFQ - Social Functioning Questionnaire, EPQ - Eysenck Personality Questionnaire (Brief Version) for measuring neuroticism; PCS - Pain Catastrophising Scale; CSFBD - The Cognitive Scale for Functional Bowel Disorders. * The results presented in the Supplementary Materials Table 3 - 8.
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Figure 2a Meta-analyses of primary outcomes: IBS severity of symptoms at post-intervention (including studies using different scales to measure severity: GSRS-IBS and IBS SSS, SMD used). 
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Figure 2b Meta-analyses of primary outcomes: IBS severity of symptoms at post-intervention (including studies that used the same scale to measure severity: GSRS-IBS, MD used); 
The disease activity in UC at 6 months follow-up (studies used SCCAI (UC and IBD-U) scale, MD used).


Figure 3a Secondary outcomes. Studies used the different outcome measures, SMD used as effect measure. IBS level of depression at post-intervention (MADRS-S and HADS depression scales); IBS and IBD Level of stress at 6 months of follow up (PSS-10 and RSRRS scales).Study or Subgroup
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Figure 3b Secondary outcomes. Studies used the same outcome measures, MD used as effect measure:
IBS and IBD Level of stress at 6 months of follow up (PSS-10 scale);The level of anxiety at post-intervention assessment (HADS anxiety scale); The level of anxiety at 3 months of follow-up (HADS anxiety scale); The level of anxiety at 6 months of follow-up (HADS anxiety scale); The level of depression at 6 months follow up (HADS depression scale); The level of maladaptive coping at 6 months of follow up (Brief COPE scale).
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Figure 4 Meta-analyses when studies used the same outcome measures, MD used as effect measure:
The level of IBS-QOL at post-intervention assessment (IBS-QOL scale used);
The level of IBS-QOL at 3 months of follow-up (IBS-QOL scale used);
The level of IBD HRQoL (mental) at 6 months of follow-up (HRQOL (SF-12 mental) scale used);
The level of IBD HRQoL (physical) at 6 months of follow-up (HRQOL (SF-12 physical) scale used).




Study or Subgroup
Total cost (include intervention) at post-intervention
Andersson et al., 2011
Ljotsson et al., 2011a
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.31, df = 1 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.46 (P = 0.65)
VSI at post-intervention assessment
Ljotsson et al., 2010
Ljotsson et al., 2011a
Ljotsson et al., 2011b
Subtotal (95% CI)
Heterogeneity: Tau² = 3.67; Chi² = 2.55, df = 2 (P = 0.28); I² = 22%
Test for overall effect: Z = 3.73 (P = 0.0002)
Sheehan Disability Scales at post-intervention
Ljotsson et al., 2010
Ljotsson et al., 2011a
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.84, df = 1 (P = 0.36); I² = 0%
Test for overall effect: Z = 2.05 (P = 0.04)
Mean
16.99
15.01
30.2
14.1
24.9
7.5
6.4
SD
18.91
17.05
17.8
15.1
16.9
7.4
6.7
Total
38
30
68
38
23
96
157
38
23
61
Mean
16.87
18.32
41.9
26.2
30.5
11.4
7.8
SD
17.84
18.76
18.7
17.9
16.8
9
7.6
Total
43
31
74
43
27
91
161
43
27
70
Weight
55.6%
44.4%
100.0%
25.9%
20.5%
53.6%
100.0%
55.2%
44.8%
100.0%
IV, Random, 95% CI
0.12 [-7.92, 8.16]
-3.31 [-12.30, 5.68]
-1.40 [-7.39, 4.59]
-11.70 [-19.65, -3.75]
-12.10 [-21.25, -2.95]
-5.60 [-10.43, -0.77]
-8.51 [-12.99, -4.04]
-3.90 [-7.47, -0.33]
-1.40 [-5.36, 2.56]
-2.78 [-5.43, -0.12]
Interventions
Control
Mean Difference
Mean Difference
IV, Random, 95% CI
-20
-10
0
10
20
Favours [intervention]
Favours [control]

Figure 5  Meta-analysis of related outcomes: 
IBS Total cost (include intervention) at post-intervention. Annual per capita cost in thousand (US $) (studies obtained cost data with the Trimbos and Institute of Medical Technology Assessment Cost Questionnaire for Psychiatry (TIC-P)), MD was used;
IBS VSI (Visceral Sensitivity Index) at post-intervention assessment (including studies that used the same scale to measure IBS VSI: The visceral sensitivity index (VSI), MD used);
IBS Sheehan Disability Scales at post-intervention (including studies that used the same scale, MD was used).
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