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The effect of a mindfulness-based 
therapy on different biomarkers 
among patients with inflammatory 
bowel disease: a randomised 
controlled trial
Rafael González-Moret4, Ausias Cebolla7,9, Xavier Cortés5, Rosa M. Baños7,9, Jaime Navarrete7, 
José Enrique de la Rubia8, Juan Francisco Lisón2,3,6,9 & José Miguel Soria   1,2,3*

Mindfulness-based interventions have shown some efficacy in decreasing stress levels and improving 
quality of life. However, so far, only a few studies have studied this type of intervention among patients 
with inflammatory bowel disease and none of them have studied their effects on inflammatory 
biomarkers. This current study was a two-armed, single-centre, randomised (2:1 ratio) controlled trial 
used to evaluate the effects of a mindfulness-based intervention (n = 37) compared to standard medical 
therapy (n = 20) in patients with Crohn’s disease or ulcerative colitis. The mindfulness intervention 
blended four internet-based therapy modules with four face-to-face support sessions. The outcomes we 
assessed were faecal calprotectin (primary outcome), C-reactive protein, and cortisol levels measured 
in hair samples at several timepoints. The between-group analysis highlighted significant decreases 
in faecal calprotectin and in C-reactive protein levels in the mindfulness-based intervention group 
compared to the standard medical therapy group at the six-month follow-up (faecal calprotectin: 
−367, [95% CI: −705, −29], P = 0.03; C-reactive protein: −2.82, [95% CI: −5.70, 0.08], P = 0.05), with 
moderate to large effect sizes (faecal calprotectin: ηp2 = 0.085; C-reactive protein: ηp2 = 0.066). We 
concluded that mindfulness-based therapy administered as part of standard clinical practice effectively 
improves inflammatory biomarkers in patients diagnosed with inflammatory bowel disease.

The main feature of Crohn’s disease (CD), inflammatory bowel diseases (IBDs), and ulcerative colitis (UC) is 
mucosal inflammation which flares-up and abates over time. Researchers in this field have more recently come to 
appreciate that the outcomes of these diseases can often be improved by targeting treatments towards the bowel 
inflammation present in these patients, rather than treating only the symptoms of these diseases. This reframing 
of treatments so that the therapies administered focus on, and are guided by, patient mucosal inflammation has 
resulted in a resurgence of interest in inflammation biomarkers1,2.

Inflammation biomarkers have been widely described as potentially useful in several different clinical sce-
narios. In the broadest sense, they are usually used for two main reasons: firstly, to identify which patients from 
among those with symptoms compatible with of IBD should be submitted for further analyses with a view to pro-
viding a definitive diagnosis of this disease; secondly, they may be used in patients diagnosed with IBD to measure 
and/or monitor how the disease activity responds to induction or maintenance therapy. The latter encompasses 
a wide range of situations which could include the identification of patients who may be starting to relapse while 
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receiving an already-established therapy or whose response to a new treatment is good; checking for potential 
relapses in patients with CD after surgical resection, and increasingly, screening for any patients with a high 
probability of suffering a clinical relapse when a given therapy is withdrawn. Of note, different cut-off thresholds 
are often used in different clinical circumstances to optimise the performance of identical biomarker assays3–9.

Patients with IBS frequently live with symptoms of psychological distress, including anxiety or depression and 
report that their quality of life (QoL) becomes poorer as the severity of their disease increases10–17. Moreover there 
is increasing evidence that experiencing such distress in a continued way could cause IBD activity to increase18. 
Thus, the way that these patients manage stress on a daily basis and during specific life events can aggravate 
their physical symptoms of the disease and increase their probability of developing comorbidities. Furthermore, 
inflammatory biomarkers are also altered in people with symptoms of anxiety and depression19. In fact, some 
symptoms associated with mental disorders which are also present in IBD, such as anhedonia, loss of appetite, 
aching joints, fever, tiredness, exhaustion, and withdrawal from social activities20, can be predicted by the levels 
of these inflammatory markers.

Psychological interventions have been shown to effectively reduce the response of inflammatory biomarkers; 
indeed, one recent meta-analysis found this effect with a small to medium effect-size in different disorders21. 
However, so far, no studies have analysed the efficacy of the psychological interventions for IBD that were 
included in this meta-analysis. Nevertheless, mindfulness-based interventions (MBIs), understood as an aware-
ness of the experience of the present moment and emphasising the attention paid to one’s thoughts, bodily sen-
sations, and emotions22, have shown to be effective among patients with IBD18, with their potential mechanisms 
described elsewhere23. MBIs usually combine meditation with contemporary cognitive-behavioural approaches, 
and several mechanisms behind their effectiveness have been identified24,25. In fact, their positive effects on differ-
ent mental health conditions have been reported in diverse clinical and non-clinical populations26.

Even though MBI represents one the most promising psychological interventions available for IBD, only a few 
studies have tested the efficacy of these interventions to reduce stress levels and improve QoL in IBD, and none 
of these included biomarkers among their outcome indicators27–29. Thus, in order to better understand the health 
benefits associated with MBI, it is important to investigate the links between interventions and the responding 
biological pathways, including inflammatory responses30. Therefore, in this study we assessed the effectiveness of 
a blended MBI intervention and examined its effect on mucosal inflammation by testing inflammation biomarker 
concentrations in patients diagnosed with IBD. We hypothesised that the blended MBI intervention plus standard 
medical therapy (SMT) would decrease inflammation biomarker [faecal calprotectin (FC), C-reactive protein 
(CRP), and cortisol in hair] concentrations compared to SMT alone.

Methods
Study design.  This two-armed, single centre randomised controlled trial (NCT02963246, 15/11/2016) was 
approved by the Human Ethics Committee at the Hospital Universitario de Sagunto (Spain) and complied with 
the ethical guidelines set out in the Declaration of Helsinki. The trial was conducted in the IBD Unit at the 
Hospital Universitario de Sagunto from May 2017 to March 2018.

Eligible participants were patients aged between 18 and 55 years, diagnosed with CD or UC according to the 
European Crohn’s and Colitis Organisation (ECCO) criteria, and in clinical remission for the prior 3 months. We 
also applied the following inclusion criteria: the absence of cognitive impairments; patients with UC with a partial 
Mayo Score of ≤2 points and with no item scores >1, or patients with CD with a Harvey–Bradshaw score <5 
points; experience of at least one inflammatory-activity flare-up in the 12 months prior; no changes in medication 
types or modifications to their usual treatment in the 3 months prior. Patients with no internet or smartphone 
access, difficulty in understanding the Spanish language; psychiatric disorders (psychosis, bipolar disease, sub-
stance abuse, etc.); suffering a recent emotional shock (e.g. death of a relative or an accident); and individuals 
who were pregnant at the time of recruitment were excluded from the study. All the study participants signed an 
informed consent statement before the study commenced.

Before the trial started, a researcher not involved in patient recruitment or inclusion in the study generated 
a random sequence using a computerised random number generator; this was concealed from all the person-
nel involved in the study throughout its duration. Upon enrolment in the study, 57 participants were randomly 
assigned, in a ratio of 2:1, either to the MBI (n = 37) or standard medical therapy (SMT; n = 20) groups.

The MBI intervention was a blended face-to-face and internet-based intervention comprising four 
internet-based therapy modules and four in-person support sessions. The face-to-face sessions lasted two hours 
and were administered at the end of weeks 1, 3, 6, and 8 by a psychologist (A.C.) specialised in group-format MBI; 
the participants were specifically advised to perform at least three face-to-face sessions (minimum attendance 
rate). The internet-based sessions were delivered over eight weeks on a one-to-one basis via the internet; the min-
imum criterion for program completion was participation in a total of four modules (minimum attendance rate). 
Participants in the MBI group also received SMT; detailed information about the blended intervention described 
elsewhere31.

In the face-to-face sessions the therapist explained the theoretical framework of mindfulness training, mind-
fulness exercises (including mindful breathing, body scanning, etc.), and the management of the internet-based 
sessions. The structure of the face-to-face support sessions was: (1) guided meditation; (2) an inquiry process; 
(3) an analysis of the week’s difficulties; and (4) an explanation of the online tasks to be completed. The final 
session reviewed what had been learned during the course and prepared the participants to practice these skills 
outside the group setting. The facilitator was an experienced mindfulness teacher and researcher and had pre-
viously taught several instructor courses in different protocols including mindfulness-based stress reduction, 
mindfulness-based cognitive therapy, cognitive-behavioural conjoint therapy, and contemplative practice-based 
wellbeing training32.
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The internet-based one-to-one program was carried out via a web platform (https://www.psicologiaytecnolo-
gia.com/) which was accessed using a login and password provided to each of the participants. The platform pro-
vided the participants with four different modules: M1. Getting to know mindfulness (week 1); M2. Establishing 
formal and informal practices for mindfulness (week 2); M3. Thought management, body-scanning practices, 
and mindfulness values (weeks 3–4); M4. Self-compassion: integrating mindfulness into everyday life (weeks 
5–8)33. The modules included pre-recorded video and audio meditations and each module lasted approximately 
60–90 minutes, depending on the participant’s pace and time availability. All the measurements in this study were 
assessed before the treatment at baseline and at a 6-month follow-up by researchers who were blinded to the 
group allocation.

Outcome measures.  The primary outcome of this study was the level of FC, as determined by fluorescent 
enzyme immunoassay analysis (range: 0–100 mg/g dry weight) using a UniCap 100 analyzer. The secondary out-
comes were plasma CRP levels and cortisol levels measured in patient hair samples. CRP concentrations were 
determined by immunoturbidimetric analysis using a Cobas 8000 analyzer (module c701). In this assay, the 
reaction of CRP with a specific antibody produces insoluble immune complexes in proportion to the CRP con-
centration, and these changes in turbidity can be measured spectrophotometrically in milligrams per millilitre. 
Cortisol levels were measured using a high-sensitivity saliva and hair cortisol enzyme-linked immunosorbent 
assay (ELISA, Salivary Cortisol ELISA DRG. DRG Instruments GmbH. REF: SLV 2930. LOT: 63K047) kit with a 
sensitivity of 0.024 ng/ml and a detection range of 0–30 ng/ml, according to the manufacturer’s instructions (DRG 
Instruments GmbH, Germany).

All of the samples were simultaneously analysed at the end of the study in order to avoid bias derived from 
using different kit lots34. Hair samples were cut from the posterior vertex area of each patient and were individ-
ually washed with 2.5 ml of isopropanol with agitation (1800 rpm for 2.5 min) to remove dirt and any external 
steroids without affecting internal steroids. The samples were dried for 36 h at room temperature and then cut into 
fragments <2 mm with scissors; 120–150 mg per sample was introduced into microtubes and 1.5 ml of methanol 
was added, followed by incubation for 18 h at 30 °C with stirring (100 rpm, Mixer block®). After centrifuging the 
vials at 7000 g for 2 min, 750 μl of the liquid phase was recovered and incubated in fresh microtubes at 38 °C until 
completely dry, and the residue obtained was reconstituted in 0.2 ml of 0.05 M phosphate-buffered saline.

Sample size.  An a priori analysis of the effect size and sample size was conducted applying an α-level of 0.05 
for the desired power of 90%, according to the FC levels we saw in a previous pilot study (partial eta-squared 
[ηp2] = 0.058)35. Thus, the recruitment target was 23 participants per group (G*Power = 3.0.10); we increased 
the sample size by 25% to compensate for potential alterations in the statistical significance of the results caused 
by possible dropouts in the intervention groups, and thus, the final sample size was a total of 57 participants.

Statistical analysis.  Two-way mixed ANCOVA test were used to compare the study effects on FC, CRP, and 
cortisol levels, using time as the within-group factor (baseline versus follow-up at 6 months), and the group as 
the between-group factor (MBI versus SMT). The analysis was adjusted for pre-intervention (baseline) data. The 
effect sizes were estimated using the ηp2 and were interpreted following Cohen’s guidelines for small, moderate, 
and large effect sizes (ηp2 = 0.01, 0.06, or 0.14, respectively)36. The statistical analyses were performed according 
to the intention-to-treat analysis using SPSS software (v.22.0) for Windows (SPSS Inc., Chicago, Ill, USA). The 
data are presented as the mean plus or minus the standard deviation (SD), considering the probability of statistical 
significance (p-values) at threshold values of 0.05 or less for all the comparisons.

Results
A total of 93 patients were screened for this study; 36 were excluded because they declined to participate (21 
patients) or did not meet the inclusion criteria because they had no internet or smartphone access (4); had a 
psychiatric disorder (4); had suffered a recent emotional shock (2); or their medication had changed in the prior 
three months (5). Figure 1 details the participant selection process, and Table 1 shows the general characteristics 
of the study population. A total of 35 out of the 37 patients (95%) attended three or more face-to-face sessions, 
and 100% of the participants completed all the internet-based modules. The number of flare-ups during the inter-
vention was similar in both groups (3 out of 20 in the SMT group vs. 5 out of 37 in the MBI group). Three patients 
(2 in IBD and 1 in SMT) decreased their medical treatment during the study period. The between-group analysis 
highlighted significant decreases in FC and CRP levels in the MBI group compared to the SMT group at 6 months’ 
follow-up, with moderate to large effect sizes (Table 2). In addition, there was a slight decrease in the hair cortisol 
levels in the MBI group compared to the SMT group (with a small to moderate effect size) at 6 months, but this 
difference was not significant.

Discussion
This study examined the effectiveness of a blended MBI intervention which combined internet and face-to-face 
sessions, in patients diagnosed with IBD. To the best of our knowledge, this is the first study to analyse the efficacy 
of MBI among patients with IBD by testing inflammation biomarker concentrations. We found lower levels of 
CRP and FC inflammation biomarkers in the patients in the MBI group compared to those in the SMT group.

It is well known that the intense bowel inflammation which is characteristic of IBD is accompanied by an 
acute-phase inflammation biomarker response which is detectable in the blood serum. Only a few inflamma-
tion blood or serum markers have been extensively validated in IBD, and fewer still are in routine clinical use. 
However, CRP is one of the most widely available and regularly used of these markers5. CRP has a relatively short 
half-life of 19 hours, making it a more responsive indicator of acute inflammation than most other acute-phase 
reactants5. Here, our results agree with other work which showed that CRP levels decrease as inflammation 
reduces1,5,37.
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Our results also highlight similar findings for FC. The recent introduction of faecal markers as a diagnostic 
tool for studying IBD allows the simple, fast, reliable, non-invasive, and reproducible evaluation of intestinal 
inflammation. Among these faecal markers, FC is particularly important because it can be used to control the 
evolution of inflammatory processes in IBD patients. This protein is mainly contained in the cytoplasm of neu-
trophils and in the membranes of activated monocytes and macrophages. Gastrointestinal tract inflammatory 
pathologies cause an increase in mucosal permeability that induces the migration of granulocytes and monocytes 
to the intestinal lumen. Activation and apoptosis of these cells releases a large amount of calprotectin which is 
excreted in the stool. FC levels also correlate well with leukocyte excretion and intestinal mucosa permeability. 
Moreover, FC is resistant to bacterial degradation and is stable in faeces, making it a very useful marker for 
inflammatory bowel activity in clinical practice4,6,38–40.

Our results were similar to those published by Gerbarg et al. in which patients with IBD that followed a 
Breath-Body-Mind Workshop showed lower levels of FC and CRP compared with those in the control group41. 
These authors suggest that bidirectional gut–brain inter-communication with the neural, hormonal, and immune 

Figure 1.  Flow of participants through the trial.

VARIABLES

GROUP

MBI (n = 37) SMT (n = 20)

Age (year) 46.2 (10.9) 46.3 (11.9)

Sex (men/women) 8/29 11/9

Faecal calprotectin (µg/g) 198 (394) 222 (242)

C-reactive protein (mg/dL) 1.93 (2.50) 2.46 (3.81)

Cortisol in hair (µg/mL) 1.75 (1.19) 2.18 (1.92)

Leucocytes (x109 L) 6.76 (2.29) 7.97 (2.27)

Platelets (x109 L) 264 (67) 252 (79)

Haemoglobin (g/dL) 13.4 (1.2) 14.4 (1.2)

Haematocrit (%) 41.0 (3.2) 43.5 (3.3)

Ferritin (ng/mL) 183 (290) 129 (100)

Albumin (g/dL) 4.6 (0.3) 4.7 (0.7)

Table 1.  Baseline clinical characteristics of the study participants. Abbreviations: MBI, mindfulness-based 
intervention; SMT, standard medical therapy

VARIABLES

GROUP

MBI minus SMT Follow-up (6 months)Baseline Follow-up (6 months)

MBI SMT MBI SMT Difference (95% CI) P ηp2

Faecal calprotectin (µg/g) 198 ± 394 222 ± 242 128 ± 226 495 ± 949 −367 (−705 to −29) 0.03 0.085

C-reactive protein (mg/dL) 1.93 ± 2.47 2.46 ± 3.81 2.43 ± 3.05 5.25 ± 7.73 −2.82 (−5.70 to 0.08) 0.05 0.066

Cortisol in hair (µg/mL) 1.75 ± 1.19 2.18 ± 1.92 1.34 ± 1.07 1.94 ± 2.01 −0.60 (−1.27 to 0.08) 0.25 0.036

Table 2.  Between-group comparisons at follow-up (6 months). Abbreviations: MBI, mindfulness-based 
intervention; SMT, standard medical therapy.
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system, among others is likely the mechanism underlying this association42,43. Indeed, there is evidence that sev-
eral factors interact in IBD, including activation of inflammatory-responses and the hypothalamic–pituitary–
adrenal axis which stimulates areas of the brain that can change patient behaviour and alter the integrity of the 
blood–brain barrier. More recent work has also highlighted the function of gut microbiota in IBD as well as 
patient responses to probiotics. In contrast, the role of psychological stress in IBD remains controversial, even 
though stress and/or traumatic early-life events are known risk factors for the development of this disease, and 
stress can exacerbate inflammation and induce disease relapses23,41–43. Indeed, other authors have noted that 
patients with CD or UC experience a higher incidence of emotional disorders than the general population and 
that depression and anxiety can influence the prognosis and severity of these diseases44. Therefore, suitable psy-
chological therapies must be considered as part of the optimal treatment of IBD patients43.

In contrast to our expectations, MBI did not significantly affect the cortisol levels found in the hair of patients 
with IBD at six months. There may be several explanations for this result. The use of hair cortisol levels as a 
chronic stress biomarker has recently become a topic of global interest23,27. There is mounting evidence that 
the cortisol content of hair reflects the corresponding systemic plasma levels of this hormone over time and so 
these can be used to estimate both psychological and physiological chronic stress and the extent of hypotha-
lamic pituitary–adrenal axis disorders such as Cushing syndrome and Addison disease23,27,43,45–47. However, the 
validity of the methods used to measure cortisol responses has been questioned48, and factors including age, 
sex, hair-washing frequency, hair treatments, or the use of oral contraceptives can produce misleading results49. 
The efficacy of MBI to affect cortisol responses reported by others was also lower than expected. For exam-
ple, a meta-analysis by Sanada et al. reported that age, the number of MBI sessions, and the overall time spent 
by patients in MBIs significantly affected these responses50. No previous studies have analysed the impact of a 
blended internet and face-to-face intervention on cortisol responses and so, more work will be required to test 
the impact that the MBI delivery system may have on this biomarker.

Although we found no differences in cortisol between IBD patients in the MBI and the SMT groups at the 
molecular level, other groups have described relatively high levels of stress and psychological dysfunction among 
patients with CD or UC47,51. Stress increases gastrointestinal (GI) tract permeability and modifies gut microbiota 
to promote the pathophysiology of IBD through corticotropin-releasing factor (CRF) and urocortin;47,52–54 these 
neuromediators then act on G-protein coupled CRF1 and CFR2 receptors in the brain and GI tract53. CRF2 recep-
tors are involved in the perturbation of intestinal permeability. Mastocytes in the mucosa release CRF and urocor-
tin which binds to CRF1 and CRF2 in the same lamina propria, causing these mastocytes to release cytokines and 
other pro-inflammatory mediators54. CRF also increases intestinal permeability by causing mast cells to release 
tumour necrosis factor alpha and proteases55. Thus, targeting CRF receptors with selective antagonists to inhibit 
mast cell activation is a therapeutic option for chronic inflammatory disorders that are exacerbated by stress.

Chronic early-life stress alters intestinal permeability in rats, which may later sensitise adult rats to visceral 
hypersensitivity and induce dysbiosis56. Stress also inhibits the vagus nerve (VN) and stimulates the sympa-
thetic nervous system via autonomic nervous system-related paraventricular hypothalamic nucleus projection 
neurons; these are connected to the VN dorsal motor nucleus and sympathetic pre-ganglionic neurons of 
the spinal cord53. Indeed, because the VN exerts an anti-inflammatory effect through its afferent and efferent 
fibres, stress can be considered a pro-inflammatory process. Thus, an acute stressor in itself can induce a pro-
tracted upsurge in pro-inflammatory cytokines, even when the person is no longer exposed to the stressor57, 
all of which can neutralise the critical parasympathetic rebound recovery period. Furthermore, the recovery 
of parasympathetic-responsiveness can be neutralised by exposure to repeated and/or multiple stressors, in so 
favouring an allostatic load that dampens the regulatory anti-inflammatory effects of the VN. Hence, stress may 
tip the balance of the mainly protective effect the VN has on the GI tract epithelial barrier, thus encouraging dys-
biosis by disrupting epithelial homeostasis45,53.

It is important to mention that this present study was limited by the fact that we did not record patient 
reported outcomes for IBD (i.e. stress, depression, anxiety, or other QoL measures). Therefore, future research 
should investigate possible relationships between these outcomes and inflammatory biomarkers. Nonetheless, 
taking our findings together, MBI likely represents a useful tool that can be incorporated into interventions 
designed to improve the physiological symptoms of inflammation in patients diagnosed with IBD. In particular, 
our results indicate that MBI may positively influence (with moderate to large effect sizes) inflammation mark-
ers for CRP and FC. Thus, future work should be designed to try to verify these findings by evaluating several 
physiological indices and to increase our knowledge of the biological systems which benefit from MBI-mediated 
reductions in stress which can therefore serve as useful biological indicators in these patients.

Data availability
Our data are available on request.

Received: 26 July 2019; Accepted: 19 March 2020;
Published: xx xx xxxx

References
	 1.	 Peyrin-Biroulet, L. et al. Clinical disease activity, C-reactive protein normalisation and mucosal healing in Crohn’s disease in the 

SONIC trial. Gut 63, 88–95 (2014).
	 2.	 Rutgeerts, P. et al. Infliximab for induction and maintenance therapy for ulcerative colitis. N. Engl. J. Med. 353, 2462–2476 (2005).
	 3.	 Fengming, Y. & Jianbing, W. Biomarkers of Inflammatory Bowel Disease. Dis. Markers 2014, 1–11 (2014).
	 4.	 Reenaers, C. et al. Expert opinion for use of faecal calprotectin in diagnosis and monitoring of inflammatory bowel disease in daily 

clinical practice. United Eur. Gastroenterol. J. 6, 1117–1125 (2018).
	 5.	 Sands, B. E. Biomarkers of Inflammation in Inflammatory Bowel Disease. Gastroenterology 149, 1275–1285.e2 (2015).

https://doi.org/10.1038/s41598-020-63168-4


6Scientific Reports |         (2020) 10:6071  | https://doi.org/10.1038/s41598-020-63168-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

	 6.	 Mendoza, J. L. & Abreu, M. T. Biological markers in inflammatory bowel disease: Practical consideration for clinicians. 
Gastroentérologie Clin. Biol. 33, S158–S173 (2009).

	 7.	 Pavlidis, P., Chedgy, F. J. & Tibble, J. A. Diagnostic accuracy and clinical application of faecal calprotectin in adult patients presenting 
with gastrointestinal symptoms in primary care. Scand. J. Gastroenterol. 48, 1048–54 (2013).

	 8.	 Das, A. Psychosocial distress and inflammation: Which way does causality flow? Soc. Sci. Med. 170, 1–8 (2016).
	 9.	 Ironson, G., Banerjee, N., Fitch, C. & Krause, N. Positive emotional well-being, health Behaviors, and inflammation measured by 

C-Reactive protein. Soc. Sci. Med. 197, 235–243 (2018).
	10.	 Graff, L. A., Walker, J. R. & Bernstein, C. N. Depression and anxiety in inflammatory bowel disease: A review of comorbidity and 

management. Inflamm. Bowel Dis. 15, 1105–1118 (2009).
	11.	 Wong, J. J. et al. Depression and Health Care Use in Patients With Inflammatory Bowel Disease. J. Crohn’s Colitis 13, 19–26 (2019).
	12.	 Knowles, S. R., Wilson, J. L., Connell, W. R. & Kamm, M. A. Preliminary examination of the relations between disease activity, illness 

perceptions, coping strategies, and psychological morbidity in Crohn’s disease guided by the common sense model of illness. 
Inflamm. Bowel Dis. 17, 2551–7 (2011).

	13.	 Addolorato, G., Capristo, E., Stefanini, G. F. & Gasbarrini, G. Inflammatory bowel disease: a study of the association between anxiety 
and depression, physical morbidity, and nutritional status. Scand. J. Gastroenterol. 32, 1013–21 (1997).

	14.	 Bennebroek Evertsz’, F. et al. Do Inflammatory Bowel Disease patients with anxiety and depressive symptoms receive the care they 
need? J. Crohn’s Colitis 6, 68–76 (2012).

	15.	 Andrews, H., Barczak, P. & Allan, R. N. Psychiatric illness in patients with inflammatory bowel disease. Gut 28, 1600–4 (1987).
	16.	 Guthrie, E. et al. Psychological disorder and severity of inflammatory bowel disease predict health-related quality of life in ulcerative 

colitis and Crohn’s disease. Am. J. Gastroenterol. 97, 1994–9 (2002).
	17.	 Gradus, J. L. et al. Inflammatory bowel disease and completed suicide in Danish adults. Inflamm. Bowel Dis. 16, 2158–61 (2010).
	18.	 Berrill, J. W., Sadlier, M., Hood, K. & Green, J. T. Mindfulness-based therapy for inflammatory bowel disease patients with functional 

abdominal symptoms or high perceived stress levels. J. Crohn’s Colitis 8, 945–955 (2014).
	19.	 Spaeth, P. E., Renna, M. E., O’Toole, M. S., Mennin, D. S. & Lekander, M. The association between anxiety, traumatic stress, and 

obsessive-compulsive disorders and chronic inflammation: A systematic review and meta-analysis. Depress. Anxiety 35, 1081–1094 
(2018).

	20.	 Eisenberger, N. I., Moieni, M., Inagaki, T. K., Muscatell, K. A. & Irwin, M. R. In Sickness and in Health: The Co-Regulation of 
Inflammation and Social Behavior. Neuropsychopharmacology 42, 242–253 (2017).

	21.	 O’Toole, M. S. et al. Effects of psychological interventions on systemic levels of inflammatory biomarkers in humans: A systematic 
review and meta-analysis. Brain. Behav. Immun. 74, 68–78 (2018).

	22.	 Vago, D. R. & Silbersweig, D. A. Self-awareness, self-regulation, and self-transcendence (S-ART): a framework for understanding 
the neurobiological mechanisms of mindfulness. Front. Hum. Neurosci. 6 (2012).

	23.	 Sgambato, D., Miranda, A., Ranaldo, R., Federico, A. & Romano, M. The Role of Stress in Inflammatory Bowel Diseases. Curr. 
Pharm. Des. 23, 3997–4002 (2017).

	24.	 Cullen, M. Mindfulness-Based Interventions: An Emerging Phenomenon. Mindfulness (N. Y). 2, 186–193 (2011).
	25.	 Cebolla, A. et al. How Does Mindfulness Work? Exploring a Theoretical Model Using Samples of Meditators and Non-meditators. 

Mindfulness (N. Y). 9, 860–870 (2018).
	26.	 Bishop, S. R. Mindfulness: A Proposed Operational Definition. Clin. Psychol. Sci. Pract. 11, 230–241 (2004).
	27.	 D’Anna-Hernandez, K. L., Ross, R. G., Natvig, C. L. & Laudenslager, M. L. Hair cortisol levels as a retrospective marker of 

hypothalamic-pituitary axis activity throughout pregnancy: comparison to salivary cortisol. Physiol. Behav. 104, 348–53 (2011).
	28.	 Baer, R. A. Mindfulness Training as a Clinical Intervention: A Conceptual and Empirical Review. Clin. Psychol. Sci. Pract. 10, 

125–143 (2006).
	29.	 Shaw, G. et al. Stress management for irritable bowel syndrome: a controlled trial. Digestion 50, 36–42 (1991).
	30.	 Drent, G., Kuiken, M., Mooibroek, J., Dijkstra, G. & Schroevers, M. The beneficial effects of mindfulness training on fatigue and 

psychosocial functioning in patients with inflammatory bowel disease and irritable bowel syndrome: a pilot study. J CROHNS 
COLITIS 10, 493–493 (2016).

	31.	 Lopez-Montoyo, A. et al. Effectiveness of a brief psychological mindfulness-based intervention for the treatment of depression in 
primary care: study protocol for a randomized controlled clinical trial. BMC Psychiatry 19, 301 (2019).

	32.	 Cebolla, A. et al. The power of compassion. in Contemplative practice-based well-being training (CBWT): towards a contemplative 
positive psychology. 159–174 (Nova Science Publisher, 2019).

	33.	 Castro, A. et al. Efficacy of low-intensity psychological intervention applied by ICTs for the treatment of depression in primary care: 
a controlled trial. BMC Psychiatry 15, 106 (2015).

	34.	 Albar, W. F., Russell, E. W., Koren, G., Rieder, M. J. & Umm, S. H. Van. Human hair cortisol analysis: Comparison of the 
internationally-reported ELISA methods. Clin. Investig. Med. 36, 312–316 (2013).

	35.	 Cohen, J. et alR.J.J.M.J.A.J.J. B. Statistical power Analysis for the Behavioral Sciences. (Erlbaum, 1988).
	36.	 Cocks, K. & Torgerson, D. J. Sample size calculations for pilot randomized trials: a confidence interval approach. J. Clin. Epidemiol. 

66, 197–201 (2013).
	37.	 Visser, M., Bouter, L. M., McQuillan, G. M., Wener, M. H. & Harris, T. B. Elevated C-Reactive Protein Levels in Overweight and 

Obese Adults. JAMA 282, 2131–35 (1999).
	38.	 Colombel, J. F. et al. Early Mucosal Healing With Infliximab Is Associated With Improved Long-term Clinical Outcomes in 

Ulcerative Colitis. Gastroenterology 141, 1194–1201 (2011).
	39.	 Baert, F. et al. Mucosal Healing Predicts Sustained Clinical Remission in Patients With Early-Stage Crohn’s Disease. Gastroenterology 

138, 463–468 (2010).
	40.	 Wei, S.-C., Tung, C.-C., Weng, M.-T. & Wong, J.-M. Experience of patients with inflammatory bowel disease in using a home fecal 

calprotectin test as an objective reported outcome for self-monitoring. Intest. Res. 16, 546–553 (2018).
	41.	 Gerbarg, P. L. et al. The Effect of Breathing, Movement, and Meditation on Psychological and Physical Symptoms and Inflammatory 

Biomarkers in Inflammatory Bowel Disease. Inflamm. Bowel Dis. 21, 2886–2896 (2015).
	42.	 Cătană, C.-S. et al. Contribution of the IL-17/IL-23 axis to the pathogenesis of inflammatory bowel disease. World J. Gastroenterol. 

21, 5823–5830 (2015).
	43.	 Abautret-Daly, Á., Dempsey, E., Parra-Blanco, A., Medina, C. & Harkin, A. Gut–brain actions underlying comorbid anxiety and 

depression associated with inflammatory bowel disease. Acta Neuropsychiatr. 30, 275–296 (2018).
	44.	 Ben Thabet, J. et al. Troubles emotionnels associes aux maladies inflammatoires chroniques de l’intestin. [Emotional disorders and 

inflammatory bowel disease]. Tunis. Med. 90, 557–63 (2012).
	45.	 Bonaz, B. L. & Bernstein, C. N. Brain-Gut Interactions in Inflammatory Bowel Disease. Gastroenterology 144, 36–49 (2013).
	46.	 Steudte, S. et al. Decreased hair cortisol concentrations in generalised anxiety disorder. Psychiatry Res. 186, 310–4 (2011).
	47.	 Thomson, S. et al. Hair Analysis Provides a Historical Record of Cortisol Levels in Cushing’s Syndrome. Exp. Clin. Endocrinol. 

Diabetes 118, 133–138 (2009).
	48.	 Kalliokoski, O., Jellestad, F. K. & Murison, R. A systematic review of studies utilizing hair glucocorticoids as a measure of stress 

suggests the marker is more appropriate for quantifying short-term stressors. Sci. Rep. 9, 11997 (2019).
	49.	 Stalder, T. et al. Stress-related and basic determinants of hair cortisol in humans: A meta-analysis. Psychoneuroendocrinology 77, 

261–274 (2017).

https://doi.org/10.1038/s41598-020-63168-4


7Scientific Reports |         (2020) 10:6071  | https://doi.org/10.1038/s41598-020-63168-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

	50.	 Sanada, K. et al. Effects of Mindfulness-Based Interventions on Salivary Cortisol in Healthy Adults: A Meta-Analytical Review. 
Front. Physiol. 7, 471 (2016).

	51.	 Maltz, R. M. et al. Social Stress Affects Colonic Inflammation, the Gut Microbiome, and Short Chain Fatty Acid Levels and 
Receptors. J. Pediatr. Gastroenterol. Nutr. 68, 533–540 (2019).

	52.	 Taché, Y. & Bonaz, B. Corticotropin-releasing factor receptors and stress-related alterations of gut motor function. J. Clin. Invest. 
117, 33–40 (2007).

	53.	 Tache, Y., Larauche, M., Yuan, P.-Q. & Million, M. Brain and Gut CRF Signaling: Biological Actions and Role in the Gastrointestinal 
Tract. Curr. Mol. Pharmacol. 11, 51–71 (2018).

	54.	 Ducarouge, B. et al. Involvement of CRF2 signaling in enterocyte differentiation. World J. Gastroenterol. 23, 5127–5145 (2017).
	55.	 Overman, E. L., Rivier, J. E. & Moeser, A. J. CRF Induces Intestinal Epithelial Barrier Injury via the Release of Mast Cell Proteases 

and TNF-α. PLoS One 7, e39935–43 (2012).
	56.	 Moussaoui, N. et al. Chronic Early-life Stress in Rat Pups Alters Basal Corticosterone, Intestinal Permeability, and Fecal Microbiota 

at Weaning: Influence of Sex. J. Neurogastroenterol. Motil. 23, 135–143 (2017).
	57.	 Marsland, A. L., Walsh, C., Lockwood, K. & John-Henderson, N. A. The effects of acute psychological stress on circulating and 

stimulated inflammatory markers: A systematic review and meta-analysis. Brain. Behav. Immun. 64, 208–219 (2017).

Author contributions
R.G., A.C., and J.M.S. administered the face-to-face sessions. X.C., J.N., J.E.R., and J.F.L. assisted with the data 
acquisition. R.G. wrote the main manuscript text and J.M.S., A.C., R.M.B., and J.F.L. assisted with the writing 
of the manuscript. All the authors contributed to the conception and design of the study and reviewed the final 
manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.M.S.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-63168-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The effect of a mindfulness-based therapy on different biomarkers among patients with inflammatory bowel disease: a randomi ...
	Methods

	Study design. 
	Outcome measures. 
	Sample size. 
	Statistical analysis. 

	Results

	Discussion

	Figure 1 Flow of participants through the trial.
	Table 1 Baseline clinical characteristics of the study participants.
	Table 2 Between-group comparisons at follow-up (6 months).




