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� Autoimmune hepatitis (AIH) reduces quality of life

and mental health; psychological stress may also
impact AIH activity.

� Mindfulness-based stress reduction (MBSR) is a
strategy to reduce stress and improve quality of life.

� A pilot study of MBSR in adult patients with AIH
evaluated its effect on stress, disease activity, and
cytokines.

� MBSR reduced perceived stress, which persisted
after the study; ALT, medication doses, and cyto-
kines also improved.

� Stress reduction should be further studied in AIH to
improve quality of life and possibly to impact dis-
ease activity.
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Autoimmune hepatitis can reduce quality of life and
mental health, while stress may impact autoimmune
hepatitis itself. We piloted mindfulness-based stress
reduction as a strategy to reduce stress in adult pa-
tients with autoimmune hepatitis and found that the
intervention reduced perceived stress and may have
also impacted the disease by improving inflammation
and medication needs. Stress reduction should be
further studied to improve quality of life and possibly
to impact disease activity in autoimmune hepatitis.
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Background & Aims: Psychological and life stressors may impact autoimmune hepatitis (AIH) disease activity and increase
relapse risk. Mindfulness-based stress reduction (MBSR) is a validated course that reduces stress reactivity, and improves
stress and emotion regulation. This single-arm exploratory pilot study of adult patients with AIH aimed to define the impact
of an 8-week MBSR program on quality of life, disease activity, and cytokine mediators.
Methods: The perceived stress survey-10 (PSS) and the brief self-control scale (BSCS) measured subjective distress and self-
control. Serum alanine aminotransferase (ALT) and cytokine levels were measured, and immunosuppressant doses recorded.
Results: Seventeen patients completed the MBSR program. Post-MBSR, 71% (n = 12) showed PSS score improvement at 8
weeks vs. baseline (median 15 vs. 21, p = 0.02). At 12 months, PSS improvement persisted vs. baseline (median 15 vs. 21, p
= 0.02). Post-MBSR, 71% (n = 12) showed BSCS score improvement at 8 weeks vs. baseline (median 4.1 vs. 3.8, p = 0.03). At 12
months, the median BSCS score remained significant (3.9 vs. 3.8, p = 0.03). After the 8-week MBSR, the 35% of patients with
ALT >34 U/L had a median ALT reduction (44.5 vs. 71.5 U/L, p = 0.06), whereas the 71% of patients on prednisone had sig-
nificant dose reductions (5.75 vs.10 mg, p = 0.02) which persisted at 12 months vs. baseline (3.75 vs.10 mg, p = 0.02) without a
compensatory increase in steroid-sparing dosing. Significant improvement was noted in peripheral blood cytokine levels (IL-
6, IL-8, IL-10, IL-17, IL-23, and sCD74/MIF ratio) from baseline to 8 weeks.
Conclusions: MBSR significantly improved perceived stress and self-control scores while decreasing ALT levels, steroid re-
quirements, and inflammatory cytokine levels in this pilot study in adult AIH. Stress modification may impact quality of life
and disease activity, and should be further evaluated as an intervention in AIH.
Clinical Trials registration: This study is registered at ClinicalTrials.gov (NCT02950077).
Lay summary: Autoimmune hepatitis can reduce quality of life and mental health, while stress may impact autoimmune
hepatitis itself. We piloted mindfulness-based stress reduction as a strategy to reduce stress in adult patients with autoim-
mune hepatitis and found that the intervention reduced perceived stress and may have also impacted the disease by
improving inflammation and medication needs. Stress reduction should be further studied to improve quality of life and
possibly to impact disease activity in autoimmune hepatitis.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Autoimmune hepatitis (AIH) is a chronic liver disease that is
more common in women with heterogeneous presentation and
outcomes, and an unknown trigger.1 Survival rates improve with
immunosuppression, yet very high relapse rates result in the
Keywords: Autoimmune hepatitis; Psychological stress; Stress reduction; MBSR;
Cytokines.
Received 3 November 2020; received in revised form 27 January 2022; accepted 31
January 2022; available online 18 February 2022
† Contributed equally as co-senior authors.

* Corresponding author. Address: Department of Medicine, Section of Digestive
Diseases, 300 Cedar Street, The Anlyan Center, Suite S241, Yale School of Medicine,
New Haven, CT 06510, USA. Tel.: +1-203-785-5279; Fax: +1-203-785-7273
E-mail address: david.assis@yale.edu (D.N. Assis).
need for long-term therapy which imposes a significant, long-
term burden on health and lifestyle. As with many chronic
conditions, the health and quality of life burdens carried by pa-
tients with AIH are underestimated. As previously reported by
Schramm et al.,2 patients with AIH were 5 times as likely to
develop a major depressive disorder compared with the general
population and also had significant increase in anxiety.

Increasing evidence indicates that psychological and life
stressors can, in turn, exacerbate AIH disease activity. Previously,
our group performed a retrospective study of AIH patients followed
for at least 7 years. In this cohort,with a 16-yearmean follow-up, 36
of 42 patients experienced a relapse, with a mean of 1.78 relapses/
patient (range 0–8) following steroidwithdrawal.3 Surprisingly, the
study revealed situational stress in 30 of 36 patients (83%) who
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relapsed. Specifically, relapses occurred surrounding stressful life
situations including work issues and deaths in the family as 2 ex-
amples. To furtheranalyse thisfinding, Srivastava et al.4 performeda
case-control study to quantitatively evaluate correlations of psy-
chological stress and AIH activity. Higher serum alanine amino-
transferase (ALT) levels, higher prednisone use, and also increased
psychological stress were all associated with exacerbations in dis-
ease activity.4 Patients who relapsed had a higher mean social
readjustment rating scale (SRRS) score, a validated patient ques-
tionnaire of life stressors,5 compared with patients who did not
relapse (239.31 vs. 152.55; p = 0.048). This was the first study to
explore the potential relationship of psychological stress to disease
relapse in AIH. A follow-up study evaluated 53 patientswith AIH by
correlating self-reported stressors identified by the SRRS survey
with serum ALT. This study found that ALT strongly correlatedwith
SRRS scores in patients who reported any level of stress within the
past 4 weeks (r = 0.48) and 6 months (r = 0.39), p = 0.009 and p =
0.015, respectively.6

The critical mediators that link psychological stress and liver
inflammation in patients with AIH are currently unknown.
However, there is growing interest in studying the impact of
neuroendocrine-derived cytokines on peripheral tissue inflam-
mation in autoimmune diseases. Specifically, studies have re-
ported a potential link between stress and serum levels of IL-6,
cortisol, and prolactin.7,8 In addition, our group has recently
provided evidence that the neuroendocrine mediator macrophage
migration inhibitory inhibitor (MIF) is a pituitary-derived cyto-
kine that potentiates lethal endotoxaemia and may be entrained
by cortisol.9–11 MIF exhibits a pronounced circadian rhythm effect
relevant to its role as a glucocorticoid counter-regulator.11 Inter-
estingly, MIF is responsive to psychological stress and is also a key
immune-based cytokine and biomarker in AIH.12,13 In our previ-
ous study where AIH patients self-reported stress, MIF levels
positively correlated with ALT levels (r = 0.32, p = 0.034).6 Thus,
MIF is proposed as an additional candidate cytokine potentially
linking inflammation in AIH and neuroendocrine activity in stress.

Given that AIH patients have a lifelong disease, there is a clear
unmet need to identify therapeutic modalities to reduce stress
and improve quality of life as well as reduce disease activity.
Mindfulness-based stress reduction (MBSR) is an increasingly
studied approach for effective long-term psychological stress
reduction. This formal, validated psychoeducational program
facilitates cognitive, emotional, and behavioural changes known
to reduce stress by focusing on a systematic, patient-centred,
experiential introduction to mindfulness.14 MBSR has been
shown to have effective results in those with high anxiety, pain,
and chronic stress.15,16 A standard MBSR course should be taught
by an experienced and trained MBSR instructor. The sessions are
delivered in a small group setting once weekly for 2–2.5 h over
an 8-week period in addition to a 6–7-h retreat. Intriguingly,
implementation of mindfulness-based interventions has also
been shown to impact various inflammatory cytokines.17–19

To evaluate the possible effect of a stress-reduction program
in patients with AIH, we performed a single-arm exploratory
pilot study aiming to define the impact of MBSR training on
quality of life, disease activity, and cytokine mediators.
Patients and methods
Patients
Adults 18–80 years with type I AIH as defined by the Interna-
tional Autoimmune Hepatitis Group20 who were receiving
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routine clinical care at the Yale Liver Center were approached
during clinic visits for possible enrolment. Patients were
excluded if hospitalised in the past 30 days, if new immuno-
suppression was started <6 weeks before the study, if they had
concurrent viral hepatitis and/or alcoholic liver disease, decom-
pensated cirrhosis (defined as ascites, encephalopathy, or vari-
ceal haemorrhage), concurrent diagnosis of hepatocellular
carcinoma or were post-liver transplantation. Other exclusions
included the presence of a psychotic disorder, attitudinal disin-
terest, and non-proficiency in English. Patients meeting any of
the above exclusion criteria on chart review were not
approached for screening or were excluded following screening
at a clinic.

Cases consisted of adult patients with AIH who were either in
biochemical remission or had active disease as a result of relapse
or recrudescence. Biochemical remission was defined as the
absence of clinical symptoms and normalisation of ALT and IgG,
on or off maintenance dose immunosuppression. Relapse was
defined once immunosuppression has been tapered off either as:
(1) an increase in the ALT >−2× upper limits of normal (ULN) or (2)
an increase in ALT >−2× the prior level of ALT on routine labs at the
start of the clinical study. Recrudescence was defined as relapse
while on maintenance or suppression therapy. Changes in clin-
ical status from baseline and immunosuppression doses were
evaluated over the course of the study.

Study design
This was designed as a single-arm, open exploratory pilot study.
Patient enrolment and participation in the MBSR protocol was
completed over a 1-year period. Study visits occurred at enrol-
ment (orientation), and weekly during weeks 1–8 for the MBSR
intervention. In addition, patients completed post-MBSR follow-
up visits at 8 months (6 months from completion of the 8-week
MBSR protocol) and at 1 year.

The study protocol was approved by the Yale University Hu-
man Investigation Committee/Institutional Review Board
(#200020043). Written informed consent was obtained from all
individuals at enrolment and before participation in study-
related procedures. The study (ClinicalTrials.gov Identifier:
NCT02950077) was conducted in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki.

Medication monitoring
Immunosuppression medications were recorded by patients
weekly throughout the MBSR course, at follow-up visits and
reviewed during the data analysis stage. Routine medical man-
agement of AIH by the patient’s hepatology provider continued
independently and uninterrupted during and after MBSR. Indi-
vidual medication adjustment decisions were determined by the
provider as part of usual clinical care and were not according to
planned interventions.

MBSR intervention
The MBSR intervention was conducted by a certified instructor
for 3 consecutive small cohorts of 6–8 patients and consisted of
an 8-week standardised course involving didactic teaching,
mindfulness practices, and class discussion. The course includes
psychoeducation on the psychophysiology of stress, methods of
coping, and communication. The structure of the course con-
sisted of a 1-h orientation session, followed by group classes for
8 weeks that met weekly for 2 h. A 6-h silent retreat was also
part of the course, occurring between Weeks 6–8. All 3 cohort
2vol. 4 j 100450
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groups were taught by a single trained and certified MBSR
instructor at the Yale Stress Center in New Haven, CT, USA. An
outline of the course is as follows. Week 1: Introduction to
stress and the practice of mindfulness; body scan; theory and
evidence for mind–body medicine. Weeks 2–5: Cultivation of
mindfulness including teaching of present-focused awareness,
non-judgement, the role of perception in stress, non-reactivity
to experience, and teaching of mindfulness practices including
seated meditation, gentle hatha yoga, and mindful walking.
Weeks 6–7: Increasing awareness of emotional and behavioural
reactivity, teaching resilience, transformational coping strate-
gies, learning the fundamentals of interpersonal mindfulness,
and learning ways that mindfulness can be integrated into daily
life. Week 8: Focus on continued practice, validating skills, and
identifying support systems available to help individuals to
integrate, learn, and grow.21 Approximately half of each weekly
session was devoted to the practice of formal mindfulness
practices. The other half of each session involved didactic and
group dialogue. There was approximately 1 h of homework
each day involving both formal and informal mindfulness
practices.

Measurement of psychological stress
Surveys were conducted at the start of the study and at study
completion to determine baseline stress, emotion regulation, and
self-control measures. The perceived stress scale-10 (PSS)22 and
the brief self-control scale (BSCS)23 measured subjective distress
and self-control as measures of quality of life (Tables S1 and S2).
The PSS survey was designed to evaluate how unpredictable and
uncontrollable respondents find their lives. The PSS survey as-
sesses the degree to which individuals appraise situations in
their lives in the past month as stressful and is used to assess
subjective interpretation of stress. PSS is not a diagnostic in-
strument, therefore, score results are compared between people
in a sample. Higher PSS scores (maximum 40) indicate increased
perceived stress. For a comparative measure, in a large popula-
tion national survey, the mean PSS score in men was reported as
15.52 and as 16.14 in women.24 The PSS has been utilised in
clinical research to assess the impact of perceived stress on
various medical co-morbidities such as coronary artery disease.25

By contrast, the BSCS measures self-reported self-control and
impulsivity. The survey asks 10 questions that individuals are
asked to rate on a scale from 1 to 5 based on what was most
representative of themselves. Higher BSCS scores (maximum 5)
indicate better self-control and lower scores (minimum 1) indi-
cate poor self-control. BSCS scores in adults have been associated
with better grades, good judgment, and interpersonal success.23

The BSCS has also been studied to assess the link between self-
control and cumulative stress.26

Data collection
Study data were collected and managed using REDCap (Research
Electronic Data Capture) tools hosted at Yale University. REDCap
is a secure, web-based software platform designed to support
data capture for research studies. Additional correlates were
retrieved from electronic medical records, including patient de-
mographics (age, sex, ethnicity), clinical history, laboratory data,
and disease characteristics (AIH type, length of time since diag-
nosis, disease stage). Medication doses were correlated with
patient responses for all enrolled patients. Study data points
were collected at baseline, 8 weeks (post-MBSR), 8 months, and
at 1 year.
JHEP Reports 2022
Plasma samples
To evaluate the biochemical effect of MBSR on AIH disease ac-
tivity, serum ALT and IgG were measured at baseline, at the
conclusion of MBSR (week 8), and at 8- and 12-month follow-up
time points. Following blood collection, ALT and IgG levels were
submitted and immediately processed at the Yale New Haven
Hospital clinical laboratory. Normal values for Yale New Haven
Hospital standards were ALT (10–34 U/L) and IgG (700–1,600
mg/dl). Whole blood was collected from each patient in EDTA
tubes. Cytokines were measured and analysed at baseline and 8
weeks by sandwich ELISA for MIF and CD74 as previously
described,13 and a LEGENDplex multi-analyte flow assay (Bio-
legend, San Diego, CA, USA) was performed for IL-6, IL-8, IL-10,
IL-17, and IL-23 using a Stratedigm-13 Loader flow cytometer
(Stratedigm, San Jose, CA, USA). Please see supplementary CTAT
table for details on clones and reagents.

Statistical data analysis
Quantitative variables are summarised using mean or median
and range and categorical variables are summarised using fre-
quency and percentage. The non-parametric Wilcoxon signed
rank test was performed to compare 8-week (post-MBSR) mea-
surements with baseline measurements. The 8-month and 1-
year measurements were similarly compared with the baseline.
All analyses were conducted using GraphPad Prism version 7.00
for Mac OS X, GraphPad Software (La Jolla, CA, USA). A p-value
<−0.05 was considered statistically significant.

Results
Patient population
Twenty-one patients were enrolled in the study with 17 in-
dividuals completing the MBSR programme. Sixteen additional
patients were approached for possible enrolment but were not
able to participate in the study for varied reasons (10 uninter-
ested, 3 because of driving distance, 4 because of date/time
conflict). Of the 21 enrolled patients, 3 patients withdrew before
completion of the study as a result of medical illness unrelated to
liver disease or job/living relocation. One individual withdrew
who attributed the commitment to attend the weekly study
sessions as causing increased stress. None of the participants had
completed an MBSR course previously or identified any mind-
fulness practice regularly. Two patients had a history of
depression and 1 of these was taking a serotonin norepinephrine
reuptake inhibitor at the time of the study (desvenlafaxine). This
same patient, and 1 additional patient, had a diagnosis of anxiety
and took alprazolam as needed.

The 17 individuals who completed the MBSR program and
follow-up visits were included in the analysis. The cohort
included 15 women and 2 men with a mean age at enrolment of
53 years (34–74). Patient characteristics are shown in Table 1. At
enrolment, 65% (n = 11) were in biochemical remission, defined
as disappearance of clinical symptoms and complete normal-
isation of ALT and IgG, on or off maintenance dose immuno-
suppression. Thirty-five percent (n = 6) of participants had active
disease with ALT that was greater than the ULN. There was no
difference between patients diagnosed with AIH within a year
and those with longer duration of disease regarding baseline PSS
and BSCS scores (18 vs. 21, p = n.s. and 4.9 vs. 3.7, p = n.s.,
respectively).

MBSR requires participant commitment and a time commit-
ment for most success. In our study, all 17 patients who
3vol. 4 j 100450



Table 1. Patient demographics.

Demographics Cases (n = 17)

Sex, n (%) female 15 (88)
Mean age (range) years 53 (34–74)
Race, n (%) white 14 (83)
Mean disease duration (range) years 7.4 (0.4–38)
Cirrhosis, n (%)* 3 (18)
Other autoimmune diseases, n (%)† 8 (47)

* Cirrhosis was defined either on liver biopsy specimen or magnetic resonance
enterography imaging.
† Other autoimmune diseases that were diagnosed include thyroid disease (n = 7)
and Crohn’s disease (n = 1).
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Fig. 1. Individual participant data throughout the study. Perceived stress
survey and brief self-control scale scores, alanine aminotransferase (ALT), and
prednisone doses by study participants at baseline, completion of mindfulness-
based stress reduction (8 weeks), and follow-up at 8 months and 1 year.
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participated in the study completed the orientation and follow-up
study dates at 8 weeks, 8 months (6 months after completion of
MBSR) and 1 year. With regards to attendance at the weekly
MBSR course, nearly all 17 patients attended all 8 sessions with all
completing 6 or more sessions. At the follow-up evaluation at 8
months and 1 year, some patients reported incorporating some
aspect of their learned methods from the MBSR into their lifestyle,
although this was not further quantified.

Effect of MBSR on quality of life measures and stress
reduction
Individual patient scores for PSS and BSCS, ALT levels, and pred-
nisone doses at specified time points throughout the study are
shown in Fig. 1. After MBSR, 71% (n = 12) of patients showed
improvement in the PSS score with a median reduction at 8
weeks to 15 vs. 21 at baseline for all patients, p = 0.02 (Fig. 2A).
Importantly, at 8 months and 12 months, the PSS improvement
persisted vs. baseline (median 15 and 14 vs. 21, p = 0.065 and p =
0.02, respectively), suggesting a durable response well beyond the
8-week intervention period. After MBSR, 71% (n = 12) also showed
BSCS score improvement at 8 weeks vs. baseline with a median
increase to 4.1 vs. 3.8, p = 0.03. At 8 months, the BSCS score was
stable and increased from baseline but was not a statistically
significant increase (4.1 vs. 3.8, p = n.s.). At 12 months, the median
BSCS score had fallen but did remain above baseline and was
clinically significant (3.9 vs. 3.8, p = 0.03) (Fig. 2A). Data segre-
gated by status of biochemical remission vs. active disease at the
time of enrolment shows that patients in remission at baseline
(n = 11) demonstrated significant improvement in PSS and BSCS
scores (Fig. 2B) while there was not a significant improvement in
the patients with active disease at baseline (n = 6) (Fig. 2C).

Impact of MBSR on AIH disease activity and
immunosuppression requirements
After MBSR, 65% (n = 11) showed a significant reduction in ALT at
8 weeks. Of the patients (n = 6) who had an elevated ALT (>34 U/
L) at baseline, ALT reductions were noted post-MBSR at 8-weeks
vs. baseline (median 44.5 vs. 71.5 U/L, p = 0.06) (Fig. 3A). Only 12%
(n = 2) of the study cohort had a baseline IgG > ULN (>1,600 mg/
dl). There was no significant change at 8 weeks from baseline in
the IgG level.

At the time of enrolment, 71% (n = 12) of the patients were
receiving prednisone for treatment of AIH. Prednisone doses
ranged from 2 to 17.5 mg daily. After MBSR, 75% (n = 9) of the
cohort had a reduction in steroid dose, 16.7% (n = 2) had an
unchanged dose and 1 patient had an increase in dose noted. The
median dose of prednisone was significantly reduced (5.75 vs. 10
mg, p = 0.02) at 8 weeks vs. baseline (Fig. 3A). Other immuno-
suppressant medications that patients were taking included
JHEP Reports 2022
budesonide (n = 3), azathioprine (n = 10), mycophenolic acid
(n = 2), and tacrolimus (n = 1). One patient was not on any
medications at the time of enrolment or post-MBSR intervention.
In the data analysis post-MBSR at 8 weeks, there were no
4vol. 4 j 100450



0

10

20

30

40

Sc
or

e

Perceived Stress Survey (PSS)

p = 0.02

p = 0.06

p = 0.02

1

2

3

4

5

Sc
or

e

Brief Self-Control Scale (BSCS)

p = 0.03

n.s.

p = 0.02

0

10

20

30

40

Sc
or

e

Perceived Stress Survey (PSS)

p = 0.04

p = 0.09

p = 0.02

0

2

4

6

Brief Self-Control Scale (BSCS)

p <0.01

p = 0.1

p = 0.03

Sc
or

e

0

10

20

30

Perceived Stress Survey (PSS)

Sc
or

e

p = 0.4

p = 0.4

p = 0.4

0

2

4

6

Brief Self-Control Scale (BSCS)

Sc
or

e

p = 0.3

p = 0.7

p = 0.9

A

B

C

Bas
eli

ne
8-w

ee
ks

8-m
on

ths
1-y

ea
r

Bas
eli

ne
8-w

ee
ks

8-m
on

ths
1-y

ea
r

Bas
eli

ne
8-w

ee
ks

8-m
on

ths
1-y

ea
r

Bas
eli

ne
8-w

ee
ks

8-m
on

ths
1-y

ea
r

Bas
eli

ne
8-w

ee
ks

8-m
on

ths
1-y

ea
r

Bas
eli

ne
8-w

ee
ks

8-m
on

ths
1-y

ea
r

Fig. 2. Impact of mindfulness-based stress reduction on quality of life
measures. (A) Median perceived stress survey (PSS) and brief self-control scale
(BSCS) scores at given time intervals. (B) PSS and BSCS scores for study par-
ticipants in biochemical remission at baseline. (C) PSS and BSCS scores for
study participants with active autoimmune hepatitis at baseline. Non-para-
metric Wilcoxon signed rank test.
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Fig. 3. Impact of mindfulness-based stress reduction on disease activity. (A)
Median alanine aminotransferase (ALT) change at given time points for study
participants with elevated ALT at baseline, and median prednisone use change
at given time points. (B) ALT and prednisone changes in study participants in
biochemical remission at baseline. (C) ALT and prednisone changes for study
participants with active autoimmune hepatitis at baseline. Non-parametric
Wilcoxon signed rank test.
significant changes in the median doses of azathioprine or other
second-line agents (p = n.s.). For the 6 patients who were not in
biochemical remission at the time of enrolment, there was a
trend toward improvement in the median ALT at 8 months and 1
year from baseline (36 and 40.5 vs. 71.5 U/L, p = 0.16 and p = 0.06,
respectively) (Fig. 3A). Similarly, the 12 patients who were on
prednisone at the time of enrolment had a decrease in their
prednisone requirements both at 8 months (n = 7) and at 12
months (n = 5). Dose reductions were found to be significant at 8
months and 12 months vs. baseline (4.5 and 3.75 vs. 10 mg, p =
0.04 and p = 0.02, respectively) (Fig. 3A). There were no
JHEP Reports 2022
compensatory increases in the median dosing of non-prednisone
immunosuppressant medications at 8 months or 1 year. Data
segregated by status of biochemical remission (Fig. 3B) vs. active
disease at the time of enrolment (Fig. 3C) shows a similar trend
for each subgroup. Patients who were in biochemical remission
did not experience a further reduction in ALT or prednisone
dosing as a result of MBSR by week 8 of the intervention,
although at 8 months and 1 year there were more significant
5vol. 4 j 100450



Table 2. Change in levels of peripheral blood cytokine levels at baseline
and at the conclusion of mindfulness-based stress reduction (8 weeks).

Peripheral cytokines Baseline, pg/ml
Median (range)

8 weeks, pg/ml
Median (range)

p value

Ratio of CD74/MIF 0.11 (0–16.07) 0.35 (0.03-15.86) 0.01
IL-10 1.88 (1.44–8.06) 1.44 (1.44–6.52) 0.005
IL-8 3.55 (1.68–19.69) 1.93 (1.68–19.26) 0.03
IL-23 4.37 (1.18–12.34) 1.18 (1.18–10.48) 0.04
IL-6 1.78 (1.37–3.75) 1.37 (1.37–3.78) 0.05
IL-17 2.99 (1.59–6.60) 1.59 (1.59–5.56) 0.06

Research article
reductions in each variable (Fig. 3B). Individual patient doses of
immunosuppressive medications at each timepoint are provided
in Table S3.

Impact on cytokine mediators
After MBSR, there were significant improvements in the levels of
various peripheral blood inflammatory cytokine levels (IL-6, IL-8,
IL-10, IL-17, IL-23), at 8 weeks compared with baseline (Table 2
and Fig. 4A). The soluble form of the MIF receptor, sCD74,
0

5

10

15

IL
-2

3
(p

g/
m

l)

p = 0.04

0

2

4

6

8

10

IL
-1

0
(p

g/
m

l)

p = 0.005

0.001

0.01

0.1

1

10

100

C
D

74
/M

IF

p = 0.01

0

5

10

15

IL
-2

3
(p

g/
m

l)

p = 0.04

0

2

4

6

8

10

IL
-1

0
(p

g/
m

l)

p = 0.03 p = 0.05

0

5

10

15

IL
-2

3
(p

g/
m

l)

p = 0.9

0

1

2

3

IL
-1

0
(p

g/
m

l)

p = 0.3

0

1

2

3

4

C
D

74
/M

IF

p = 0.06

A

B

C

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

Bas
eli

ne
8-w

ee
ks

0

5

10

15

20

C
D

74
/M

IF

Fig. 4. Impact of mindfulness-based stress reduction (MBSR) on peripheral cyt
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which neutralises MIF activity, circulates in elevated levels in AIH
and the measured sCD74/MIF ratio correlates with ALT in pa-
tients with AIH.13 A change in the sCD74/MIF ratio also correlated
with MBSR intervention. Peripheral levels of prolactin and
cortisol remained unchanged from baseline at 8 weeks. Persis-
tent reductions in cytokine levels were not noted during the
follow-up periods of 8 months and 1 year (data not shown),
suggesting that the change in cytokines may have been tempo-
rally related to the active participation in MBSR. Data segregated
by status of biochemical remission (Fig. 4B) vs. active disease at
baseline (Fig. 4C) shows that, overall, patients in biochemical
remission experienced a more significant change in cytokine
levels compared with patients with active disease.
Discussion
To our knowledge, this is the first study to evaluate the use of
MBSR as a non-pharmacological adjunct modality in patients with
AIH. MBSR was initially designed to complement standard clinical
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ost-MBSR (8 weeks). (B) Cytokine levels for study participants in biochemical
immune hepatitis at baseline. Non-parametric Wilcoxon signed rank test.
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care. Mindfulness has been shown to be impactful in individuals
with addiction27 and psychiatric diseases relating to pain, anxiety,
and depression as well as for patients with various chronic dis-
eases.28–32 Our results in this exploratory pilot study of MBSR in
adults with AIH suggest that mindfulness training may improve
perceived stress and self-control scores while decreasing ALT
levels and also glucocorticoid requirements. Measures that
focused on subjective stress and patient self-control significantly
improved suggesting that implementation of such interventions
as an additive intervention in the management of AIH could
improve patient health quality of life. The durable effect seen in
our patients at follow-up is also noteworthy as there is the added
prospect of long-term efficacy by applying MBSR techniques in a
patient’s life to impact long-term outcomes.

The ALT reduction in 65% of the cohort following MBSR is
significant in the context of AIH. Furthermore, the continued
downtrend of ALT during follow-up suggests that application of
stress reduction measures can potentially lead to lasting
improvement of clinical disease markers activity, in addition to
psychological benefits. Furthermore, our data showed a reduc-
tion in median prednisone doses in post-MBSR without a
compensatory increase in the doses of other immunosuppres-
sant medications. Therefore, the overall improvement in ALT
without increase in immunosuppression suggests the possibility
that the changes in disease activity in these adults with AIH
could be related to overall stress reduction through MBSR. The
possibility of meaningfully reducing immunosuppression re-
quirements in this patient population group is especially
appealing given their known associated side effects and need for
life-long therapy in most cases. Therefore, the application of
mindfulness to reduce psychological stress in AIH should be
further studied to determine its effect on disease activity.

Given the need for a better understanding and development of
predictive immune biomarkers in AIH patients, investigating the
role of serumcytokines in relationship toMBSRanddisease activity
is alsomeaningful. In our study, a significant decrease in numerous
peripheral cytokine levels (IL-6, IL-8, IL-10, IL-17, and IL-23) was
detected at the conclusion of the 8-week MBSR course compared
with baseline. These reductions are potentially interesting given
the association of IL-10, and IL-6 and IL-23/IL-17, with disease
pathophysiology in AIH through promotion of pathogenic B-cell
and effector T-cell responses, respectively.1,33,34 A better under-
standing of the relationship between these peripheral cytokine
levels and AIH disease activity in the context of stress reduction
through MBSR remains to be determined through future studies.

Another cytokine of interest, MIF, is increasingly regarded as a
key pathogenic mediator in various inflammatory and autoim-
mune diseases.35 Studies also show that MIF levels become
significantly elevated in the setting of psychological stressors.8,9

Our previous work describing MIF, and its neutralising soluble
receptor CD74, shows that MIF levels are elevated in AIH and that
the ratio of cytokine to neutralising receptor (MIF/sCD74) in the
circulation correlates with serum ALT in AIH patients with active
JHEP Reports 2022
disease.13 The potential role of this and similar cytokines as links
between psychological stress and hepatic inflammation in the
context of AIH warrants further investigation.

This exploratory, single-arm pilot study aimed to evaluate the
addition of an MBSR intervention to the ongoing management of
patients receiving clinical care for AIH. As such, there are several
inherent limitations to this study including a small sample-size,
non-randomisation, lack of a control non-mindfulness condition
and confounding factors. Patients who agreed to enrol in the
MBSR intervention could potentially be more open to stress
reduction than patients who declined to participate. Patients
were not excluded based on previous mindfulness practice,
although none of the participants had prior experience with
MBSR or similar techniques. Patients were not excluded based on
their baseline level of perceived stress or based on the presence
of a psychiatric disorder. However, in this study only 2 patients
had a diagnosis of depression, only 1 of those patients was taking
an antidepressant, and that same patient along with only 1
additional patient had intermittent anxiety. Therefore, we did
not find that this pilot study included a significant number of
patients with depression or anxiety beyond the general popu-
lation. To gain a better understanding of the role of MBSR in AIH,
and the potential impact of mindfulness on disease activity and
cytokine mediators of inflammation, it is clear that larger,
randomised studies will be needed and this should be performed
utilising a controlled immunosuppression adjustment protocol.
Larger studies must also include analysis for potential relation-
ships between medication adherence, disease activity, and stress
in the context of a MBSR intervention. In addition, clinical
characteristics regarding baseline levels of disease activity were
heterogeneous including patients in biochemical remission and
those with active disease, which limits the interpretation of the
study outside of this feasibility pilot context. However, analysis
of stress scores, ALT, immunosuppression doses, and cytokines in
the subgroup with biochemical remission revealed an improve-
ment equal to and often greater than that in the smaller subset
with active disease, suggesting that the MBSR approach could be
useful in the long-term management of stress for AIH patients in
remission. Finally, this initial pilot was limited to adults with AIH,
however there is a great need to explore for non-pharmacologic,
stress-reducing approaches in children and adolescents with
AIH. The testing and potential incorporation of stress reduction
for this important demographic may be beneficial and thus
should be considered.

In summary, this single-arm exploratory pilot study showed
that an 8-week stress intervention in the form of a standardised
MBSR course was well tolerated and feasible for adult patients
with AIH. Participant responses demonstrated lasting beneficial
effects on their quality of life as well as suggested improvement
in disease activity, medication requirements, and inflammatory
cytokines. It is therefore reasonable to further study non-
pharmacological stress reduction as a new tool for the man-
agement of patients with AIH.
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