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Abstract
Background: Bile acid diarrhoea (BAD) causes chronic diarrhoea and is
primarily treated pharmacologically. This systematic review aimed to evaluate
the effectiveness of non‐pharmacological therapies for evidence‐based
management of BAD in adults.
Methods: A systematic review of the medical literature was performed from
1975 to 13 July 2021 to identify studies on diet, psychological, and exercise
therapies that met diagnostic criteria for BAD in adults with diarrhoea.
Effectiveness was judged by responder or improvement in diarrhoea at study
endpoint according to each study's definition of diarrhoea. Therapeutic effect
on abdominal pain and flatulence was also measured. Risk of bias was
assessed using the Risk Of Bias In Non‐Randomised Studies of Interventions
tool. A narrative review was conducted using ‘Synthesis Without Meta‐
analysis’ guidance. Certainty of the evidence was assessed using Grading of
Recommendations Assessment, Development, and Evaluation.
Results: Eight prospective cohort studies were identified on diet therapies from
2 weeks to over 2 years involving 192 patients. No psychological or exercise
therapies were found. Carbohydrate modification (one study, n= 2) in primary
BAD, and dietary fat intake reductions (five studies, n= 181) and an exclusive
elemental diet therapy (two studies, n= 9) in secondary BAD, showed
beneficial directions of effect on diarrhoea, abdominal pain, and flatulence.
Risks of bias for each study and across studies for each therapy type were
serious. Certainty of the evidence was very low for all outcomes.
Conclusions: No conclusions could be drawn on the effectiveness of diet,
psychological, or exercise therapies on diarrhoea, abdominal pain, and
flatulence for the management of BAD in adults. High‐quality randomised
controlled trials are needed.
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Key points

• We do not know whether non‐pharmacological therapies can improve
diarrhoeal symptoms in adults with bile acid diarrhoea.

• Available data from cohort studies outlined in this systematic review found
that: (i) in primary bile acid diarrhoea, lactose and/or sorbitol and fructose
intake reductions provided very low‐certainty evidence of a beneficial effect
after optimisation with colestyramine; (ii) in secondary bile acid diarrhoea,
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dietary fat intake reduction and exclusive oral nutritional supplementation
with elemental formula provided very low‐certainty evidence of beneficial
effects as sole treatment or after optimisation with bile acid sequestrants;
and (iii) there was no evidence on psychological or exercise therapies.

• We need high‐quality studies to evaluate the acceptability, feasibility, and
effectiveness of diet, psychological, and exercise therapies adjunctive or
separate to medication for the management of BAD in adults.

INTRODUCTION

Bile acid diarrhoea (BAD) is a chronic gastrointestinal
disorder of bile acid‐induced diarrhoea as a result of
dyshomeostasis of enterohepatic bile acid recycling, the
symptoms of which usually improve by bile acid
sequestrant administration.1,2 The cause of primary
BAD (also known as Type 2 BAD)3 is often idiopathic4

and BAD was indirectly estimated to affect at least one in
100 of the Western adult population.5 Secondary BAD,
comprising Types 1 and 3,3 is secondary to inadequate
reabsorption of bile acids as a result of disease states
affecting the ileum or another organ, respectively.6 The
prevalence is unclear and uncertainties include lack of
data on incidence comparisons between countries
because of limited screening.6

Meal ingestion prompts the ejection of conjugated
bile acids that constitute two‐thirds of the weight of
aqueous bile7 from the gallbladder into the duodenum.
Bile acids are amphiphilic, enteroendocrine hormones
that are essential for the mixed micellar solubilisation
and absorption of ingested dietary fats, as well as fat‐
soluble vitamins A, D2, E, and K, along the small
intestine.8 To complete one enterohepatic cycle, unused
bile acids are actively absorbed in the ileum by the apical
sodium bile acid transporter and transported back to the
liver via portal venous blood, incurring 5% loss of
conjugated bile acids to the colon daily.9 A negative
feedback system10 enables replacement of this loss via
further hepatic bile acid synthesis.

In primary BAD, hepatic bile acid synthesis is
excessive.11 Deficiency in serum fibroblast growth factor
19 produced by ileal enterocytes is hypothesised as
causative, leading to ileal absorptive capacity saturation,
increased colonic spillover, and diarrhoea.12 Fibroblast
growth factor 19 is low during fasting in healthy adults,13

whereas in primary BAD, fibroblast growth factor 19
was found to fail to increase to inhibit hepatic bile acid
synthesis in response to meal ingestion.12 Excessive
prosecretory bile acids in the colon induce watery
diarrhoea following their bacterial deconjugation and
dihydroxylation.14,15 After cholecystectomy, during both
fasting and post‐prandially, negative feedback inhibition
becomes continuous to maintain cycling balance with
reductions in conjugated bile acid pool sizes and
circulation rate increases.16 After ileal resection of the
last 100 cm of the ileum, malabsorption of both

conjugated bile acids and dietary fats has been shown
to cause steatorrhoea.17,18

Treatment effectiveness requires establishing an
accurate diagnosis, which is challenging as a result of
low‐quality evidence supporting specific diagnostic tests
and varying availability.19,20 Approximately 30% of
adults with primary BAD have been previously diag-
nosed with diarrhoea‐predominant irritable bowel syn-
drome,21,22 although BAD and irritable bowel syndrome
may co‐exist.23–25 75Selenium homocholic acid conju-
gated with taurine (SeHCAT) testing is the current ‘gold
standard’ method to diagnose BAD6 but is based on
treatment response from low‐quality evidence.26 The test
involves ingestion of a capsule containing a radiolabelled
bile acid analogue, SeHCAT, to calculate the percentage
of bile acid retained in the body after seven days and
whether diarrhoea is a result of excessive faecal excretion
of bile acids. Severe, moderate, and mild BAD are < 5%,
< 10%, and < 15% retention of SeHCAT, respectively.21

Recent observational data using this test showed that
primary BAD is also a painful disorder according to
Rome IV criteria (abdominal pain frequency at least
once a week). From a cohort of 184 patients presenting
in secondary care with diarrhoea‐predominant irritable
bowel syndrome (76%) or chronic diarrhoea of presumed
functional origin (24%), 53 out of 70 (76%) of the
patients diagnosed with BAD also had abdominal pain.27

From data collected via an online survey, abdominal
pain (recorded as always, mostly, or fairly often) was
present in 77% of 91 respondents with a self‐reported
diagnosis of BAD from a BAD support group in the UK
of over 1300 members.28

Although there is an integrated healthcare approach
of medication, diet, and behavioural interventions for
irritable bowel syndrome,29 treatment for BAD is
limited to life‐long bile acid sequestrants or alternative
anti‐diarrhoeal drugs.19 Medication side effects include
poor tolerance,30‐32 constipation, abdominal pain,
nausea, and bloating.33‐37 The proportion of adults
successfully treated pharmacologically was estimated to
be 70% (range 63%–100%), as determined from a
systematic review performed in 2013, totalling 1223
patients from 18 studies.38 However, despite medication
optimisation, symptoms may persist.28,30 In a Danish
retrospective survey, unaltered or worsened diarrhoea
was identified amongst 235 out of 377 (64%) respon-
dents.30 These data were collected over 13 years in BAD
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diagnosed by SeHCAT. In the online UK cross‐
sectional survey, 33% reported persisting diarrhoea,
46% reported abdominal pain, 60% reported flatulence,
71% reported extreme tiredness, and 55% reported
reduced activity/exercise levels amongst other symp-
toms (recorded as always, mostly, or fairly often).28

Dietary modifications including low‐fat, gluten‐free,
low‐carbohydrate, lactose‐free, and wheat‐free diets
were also self‐reported, although effectiveness on
diarrhoea or individual symptoms was not explored.
Clinical practice guidelines developed by an interna-
tional group of gastroenterologists19 reported that ‘low‐
fat dietary interventions can improve gastrointestinal
symptoms for some patients’. This was based on
evidence from one cohort study39 but had no docu-
mented appraisal and no dietary recommendations for
clinical practice or research. In a systematic review of
the management of chronic diarrhoea as a result of
BAD,38 no diet studies were included and one was
excluded.40 An investigation of the effectiveness of non‐
pharmacological treatments has not been undertaken to
date. Therefore, there is a need to identify all non‐
pharmacological interventions and to critically appraise
benefits and harms on diarrhoeal symptoms in BAD.
The presemt study aimed to evaluate the effectiveness of
diet, psychological, and exercise therapies on diarrhoea,

abdominal pain, and flatulence in adults with BAD by
performing a systematic review.

METHODS

The methods for performing this systematic review were
specified in a protocol following Preferred Reporting
Items for Systematic Reviews and Meta‐analyses (PRIS-
MA) for Protocols standards,41 registered with the
International Prospective Register of Systematic Reviews
(CRD42020188328). The PRISMA 2020 Checklist42 was
followed in the reporting of this review.

Eligibility criteria

The inclusion and exclusion criteria for the review are
specified in Table 1. Studies were included if they
examined the effect on diarrhoea of diet, psychological,
or exercise therapies in adults (≥ 16 years) with BAD and
diarrhoea. The PICO framework43 was used to structure
reporting and includes on study design and reporting of
the study. We intended to include all study designs from
1975 onwards in humans, excluding single cases. This
was because findings from a prior systematic review

TABLE 1 Inclusion and exclusion criteria for eligible studies

PICO Inclusion criteria Exclusion criteria

Adults with BAD aged ≥ 16 years and with diarrhoea Adults with BAD aged ≥ 16 years and with no reporting of
diarrhoea prior to undertaking the intervention

Participants Diagnosis of BAD determined via any of these tests:
SeHCAT, serum C4, faecal BA excretion ≥ 48 h
collection,14C‐glycocholate stool test

BAD diagnosed by: faecal BA excretion collection < 48 h,
diarrhoea defined by faecal weight or BAS trial

In Type 1 BAD: a reported method to diagnose BAD was
not required

Pregnancy; other medication or food that could influence GI
symptoms or motility: metformin; alcohol abuse; other
serious morbidities such as active Crohn's disease,
microscopic colitis, liver disease, AIDs/HIV, depression

Diarrhoea: as defined or described by study authors or
according to the Bristol Stool Form Scale Types 6 or 7

Intervention A therapy, as induction or adjunct treatment for BAD

Induction treatment was defined as a therapy without the use
of BAD medication (colestyramine, colesevelam,
colestipol or anti‐diarrhoeals)

Adjunct treatment was defined as a therapy undertaken after
BAD medication had been optimised

Comparator A placebo, another therapy, or no treatment

Outcomes Diarrhoea: Number/proportion of observed responders or
the reported change using a clear scoring system at study
endpoint

Diarrhoea: No reporting by responder or change in diarrhoea
at study endpoint

Study design RCT, prospective and retrospective cohort and case series Single case

Study reporting No language restrictions Studies reported as an abstract or letter

Abbreviations: BA, bile acid; BAD, bile acid diarrhoea; BAS, bile acid sequestrant; BSFS, Bristol Stool Form Scale; C4, 7α‐Hydroxy‐4‐cholesten‐3‐one14; C‐glycocholate;
GI, gastrointestinal; RCT, randomised controlled trial; SeHCAT, 75selenium homocholic acid taurine.
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showed low‐quality evidence consisting of only one
randomised controlled trial (RCT) out of 28 studies
examining pharmacotherapies, and did not identify or
include two cohort studies on diet.44,45 Additionally,
diarrhoea was variably defined and often vaguely
described across these studies. Therefore, we included
studies in which it was clear from patient or clinician‐
reported description that participants had diarrhoea at
study start, and an outcome on diarrhoea was reported
at study endpoint. In this review, diarrhoea relating to
stool consistency was defined according to the validated
Bristol Stool Form Scale (BSFS) as stool form Types 6 or
7.46,47 BAD diagnostic tests used in clinical practice and
research are described elsewhere.48–51 In this review,
aside from SeHCAT, three tests were included. The
serum C4 test measures fasting serum 7a‐hydroxy‐4‐
cholesten‐3‐one (C4), a direct measure of hepatic bile
acid synthesis. Faecal bile acid excretion measures total
bile acids from stool collected during the last 48 h of
dietary modification to a daily fat intake of 100 g for four
days. The 14C‐glycocholate stool test (no longer used)
measured bile salt excretion via the activity of 14C‐
labelled cholic acid in a faecal collection, from when an
intravenous saline infusion was started, to 24 h later
when carmine red was given orally as a faecal marker to
show collection endpoint.52 An amendment was made to
the protocol to include studies in patients with diarrhoea
who had had ileal resections or ileal disease in the
absence of a test to diagnose BAD because of high
certainty (97%) of Type 1 BAD.36,53

Information sources, search strategy, and study
selection

Cochrane Central Register of Controlled Trials, Embase
and MEDLINE through Ovid, and Web of Science were
searched from 1975 to 13 July 2021. ClinicalTrials.gov
and the EU Clinical Trials Register were checked for
ongoing trials or supplementary data for potentially
eligible studies. For each search strategy and the
development process used, see Supporting information,
S1 and S2. Literature search strategies were developed
using medical subject headings and free‐text headings.
Studies on therapies were identified using diet, including
relevant terms relating to fats, carbohydrates including
fibre, and protein; psychotherapy including behaviour
change; and exercise including yoga. The theme of BAD
was then combined with the set operator AND each
therapy theme to identify studies. Backward citation
searching was conducted in systematic reviews in
BAD19,38,54 prior to this review and in the included
studies on 15 July 2021.

One investigator performed the electronic literature
search. The results were uploaded to an EndNote
management program (X9; Clarivate), where duplicates
were removed. Each title and abstract was screened by

two investigators. First, one investigator identified all
potentially eligible studies and then a second investigator
screened all excluded titles and abstracts to verify
exclusion and check retrieved studies against the
eligibility criteria. If any titles and abstracts did not
provide adequate detail to determine eligibility then full‐
text articles were assessed. Two investigators indepen-
dently screened full‐text articles for inclusion.

Data collection process and data items

Data extraction was undertaken by one investigator, into
an Excel spreadsheet (Microsoft Corp.). Extracted data
on participant numbers and outcomes were triple
checked to minimise mistakes and data selection bias,
and all other items were checked twice. Data entries were
then checked against each study by a second investigator.
We involved a third investigator to resolve disagreement
through consensus. We collected data on:

• author, year of publication
• study design, country of origin, number of centres,
diagnostic tool used to diagnose BAD, BAD subtype,
BAD severity category

• participants: number with diarrhoea; number with
diarrhoea who completed the therapy: sex, age, body
weight, body mass index

• intervention: description including food and nutrient
intakes, duration, behaviour change theory or beha-
viour change techniques, induction or adjunct to BAD
medication including dose, use of other medication,
tolerance and adherence rates to the intervention with
any reported definitions and target rates, using a clear
scoring scale

• primary outcome, diarrhoea: patient or clinician‐
reported definition or description, any measurement
tools used, target outcome, stool consistencies and
frequencies at baseline and study endpoint, number of
responders at study endpoint

• secondary outcomes: abdominal pain and flatulence:
the measurement tool used, number of participants at
baseline and study endpoint, number of responders at
study endpoint; adverse effects: the number of
clinically relevant reported side or adverse effects,
regardless of causality, including constipation (BSFS
Types 1 and 2).

Where the mean ± SD could not be collected, median
values and interquartile ranges were extracted.

Risk of bias in individual studies and across
studies for each therapy

One investigator assessed risk of bias in each included study
using the Cochrane ‘Risk Of Bias In Non‐Randomised
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Studies Of Interventions' (ROBINS‐I) tool).55 After
considering Stage I, a hypothetical pragmatic RCT, the
seven domains were addressed: Pre‐intervention: con-
founding, selection of participants; At intervention:
classification of intervention; Post‐intervention: devia-
tion from intended intervention, missing data, selection
of the reported result. The ROBINS‐I Guidance (2016)
was used to judge risk of bias for each domain (low;
moderate; serious; critical; no information). Judgements
and justifications were tabulated to support discussion
with a second investigator to reach consensus agreement
on judgement of risk of bias for each domain and
overall in each study and then across studies for each
therapy.

Summary measures

We anticipated that performing any meta‐analyses
would not be possible as a result of few studies
reporting specific dietary interventions with available
data. A narrative synthesis of the results was
conducted by one investigator using the Synthesis
Without Meta‐analysis guideline to guide on report-
ing and presentation.56 Presentation of the data was
prioritised: primary before secondary BAD, type of
diet therapy (whole food‐first approach before artifi-
cial nutrition treatment), and outcomes on diarrhoea
(first, by stool consistency and frequency, then by
stool consistency, and, lastly, by stool frequency, with
measurement by responder before change in the
scoring scale). Outcomes on diarrhoea in all but one
study39 lacked adequate statistical analyses to esti-
mate effect; therefore, effect was reported as a
positive or negative direction using vote counting.57

The method of vote counting compares the number of
observed direction of effects showing ‘benefit’ to the
number showing ‘harm’ for a particular outcome to
give evidence of effect across studies. A positive/
negative direction of effect (benefit/harm) was defined
as a patient or clinician‐reported positive/negative
response or improvement/worsening in an outcome
being assessed.

Certainty assessment

Certainty of the evidence for each therapy on outcomes
was judged using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE)
system58 (see Supporting information, S3). Quality
determinants along with risk of bias and direction of
effect across studies are presented as a summary of
findings with a comments and evidence statement field to
aid interpretation and footnotes for explanations. Confi-
dence was assessed as ‘low’ because all study designs
were non‐randomised.

RESULTS

Study selection

Searches using all four databases generated, for diet,
psychological, and exercise therapies, a total of 2671, 46,
and 54 citations, respectively. The PRISMA 2020 flow
diagram is shown in Figure 1. From two clinical trial
registries, four records of studies were identified, with
one an ongoing RCT in secondary BAD (dietary fat
intake reduction). Eight full‐text articles were retrieved
and backward citation searching of these studies identi-
fied one additional study.59 No RCTs were identified.
One retrospective study did not meet the inclusion
criteria because outcome data on diarrhoea could not
be extracted for 123 out of 143 patients who undertook
dietary intervention.60 Eight studies of diet therapies
were included in this review. No studies were identified
that examined psychological or exercise therapies.

Study characteristics

All eight included studies were prospective, single‐arm,
cohort studies in single centres from the hospital
setting,39,44,45,59,61–64 although one study also included
patients from a primary care centre.62 In two studies the
samples were inpatients.59,64 The studies totalled 288
adults, and study sample size ranged from two to 114
participants out of a total of 192 analysed who under-
took diet therapy as sole treatment or adjunct to bile acid
sequestrants. No data on any psychological or exercise
therapies were found within these dietary studies. The
study characteristics are shown in Table 1.

Intervention

Intervention descriptions are shown in Table 2. In
primary BAD, a ‘malabsorbed sugar‐free diet’ was
administered depending on the results of hydrogen
breath testing using standardised challenges of 20 g of
lactose and 20 g of fructose plus 3.5 g of sorbitol in one
study.61 The carbohydrate modification consisted of
either a lactose‐free diet or reductions in sorbitol and
fructose in excess of glucose, or both, as described
elsewhere.65,66 However, the carbohydrate modification
the two participants with moderate or severe BAD
undertook is unclear. Nutritional intakes were not
measured and no nutritional data were reported.

In secondary BAD, five studies were on fat intake
reduction in cancer survivors from four European
centres.39,44,45,62,63 All included patients with severe
BAD, although severity was not measured in one study
conducted before SeHCAT was used to diagnose BAD.45

The two studies with the largest sample populations
included patients with mild and borderline severity
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defined by SeHCAT.39,62 Quantified dietary intervention
targets were defined in three studies in two ways. In one
study, the target fat intake was 40 g day−1.45 In two
studies, ‘20% of total energy’ was used,39,62 although how
the fat intake target was calculated was not stated. In the
other two studies, the interventions of ‘low‐fat’63 and
‘reduced‐fat’ 44 were not described or quantified. One
study described what ‘low‐fat’ consisted of by food group
and preparation methods.45 One out of these five studies
provided quantitative nutritional data.39 Fat and fibre
intakes only were measured from 7‐day food diaries
analysed using an electronic nutritional analysis pro-
gramme (Dietplan6; ForestField Software Ltd).39 Base-
line (habitual) dietary fat intake was a mean of
62.3 g day−1 (median 58.9 g, range 34.5–100.8). Intake
decreased to a mean of 42.2 g day−1, ranging widely

(median 39.1 g, range 24.5–80.8) (p< 0.01). Mean dietary
fibre intake did not change from a habitual low quantity
of 14.8 g−1 day (median 13.8 g, range 10–32) at baseline
to 14.4 g (median 13.6 g, range 4.4–34.7) at follow up.
However, how dietary fibre was defined was not stated. It
may have be an underestimation if measurement was for
non‐starch polysaccharides only. In one study, seven‐day
food diaries and dietary recall data were collected but no
nutrient intakes were reported.62 Nutritional supplemen-
tation (Forceval, Alliance; and Calcichew‐D3 Forte,
Takeda) was reported to be prescribed in severe and
moderate BAD in one study.39 Two years later in the
same centre, in the study published in 2017, Forceval
only was reported to be prescribed after checking
nutritional adequacy of trace elements and fat soluble
vitamins.62

FIGURE 1 Flow diagram of systematic review (PRISMA 2020).
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In secondary BAD, for hospitalised ileal patients,
two studies reported on an exclusive elemental diet given
orally (Vivonex; Eaton Laboratories).59,64 Key treatment
purpose was to provide short‐term bowel rest by reducing
stool volume, feacal bile acid excretion, and stool frequency
at the same time as ensuring nutritional intake adequacy in
patients at risk of fat malabsorption in bile acid mal-
absorption. Prescribed as an orange‐flavoured powder mixed
with tap water, data sources showed its nutrient composition
as: fat, 1.4%67 or 0.43 g per sachet (as safflower oil)64;
carbohydrate, 90.5% (glucose and oligosaccharides)67; mixed
amino acids, 8.1%.67 Both studies reported on nutritional
intake, as assessed by the number of sachets used per day64

or as the energy intake range per day over the study period,59

although procedures to verify either were not described.
Energy intakes were clinician‐reported as less than the
energy intake aim for each study (12,552 kJ day−1): a mean
of 10,251 kJ day−1 (4.9 sachets day−1, range 3–6) for up to 15
days in one study64 and 10,460 to 12,552 kJ day−1 for 2–3
weeks in the other.59

No studies reported on behaviour change theory or
use of behaviour change techniques to improve dietary
adherence or clinical outcomes.

Delivery of the interventions by a dietitian was reported
in four studies but without reference to specialist expertise
in gastroenterology.39,45,62,63 Missed reporting of dietitian‐
delivery is likely in all others,44,59,61,64 including dietetic
monitoring in the two inpatient studies.59,64 Planned
dietetic follow up was 6–8 weeks in two studies39,62 and
not stated in any others. Study endpoints varied within
each study. In the carbohydrate modification study, the
duration was at least 12 months.61 Across studies
investigating fat intake, the reduction duration ranged
from 2 weeks63 to after 2 years.44 Patients undertook the
exclusive elemental diet therapy for 8–21 days, specified in
one study as dependent on each patient's treatment effect
for which 2–3 weeks sufficed.59

In primary, moderate to severe BAD, bile acid
sequestrants were offered before diet therapy.61 In secondary
BAD, two out of five studies also used them before fat
intake reduction.44,63 In one study, colestyramine was used
after dietary intervention for persisting diarrhoea.45 In two
studies, a SeHCAT screening algorithm stratified treatment
according to BAD severity defined by SeHCAT. This mild
to borderline BAD to fat intake reduction was offered before
colesevelam. For moderate BAD severity, patient choice was
offered, whereas, for severe BAD, the dose of colesevelam
was optimised first.

The use of other medication in the investigation of
carbohydrate modification was not reported.61 In sec-
ondary BAD, the study design permitted the use of other
anti‐diarrhoeals in three studies,59,62,63 and was not
reported in the other four.39,44,45,64 Use of laxatives was
reported in two out of the seven studies.62,63 In studies of
fat intake reduction, antibiotics reported because of the
severity of their BAD were given to all patients before
initiating dietary change in one study44 and for prior

coexisting small intestinal bacterial overgrowth in three
studies in unclear proportions of patients.39,62,63

Tolerance to the intervention was not defined or
measured in any of the studies.

An adherence rate target was given in one study.39 A
high rate of 90% was achieved in 28 out of 40 (70%) patients
obtained from patient‐recorded 7‐day food diaries com-
pleted before the intervention and again prior to study
endpoint analysed electronically (Dietplan6). In another
study, necessary adherence to a fat intake of 40 g day−1 to
control diarrhoea was verified via fat intake re‐challenge.45
‘Palatability problems’ were noted with the exclusive
elemental diet therapy in one study,59 but, as an adherence
marker, the proportion who maintained body weight was
unclear. No definitions or data on adherence were reported
in any of the other studies on carbohydrate modification,61

fat intake reduction,44,62,63 and exclusive elemental diet
therapy.64

Outcomes

Diarrhoea

Diarrhoea was defined by stool consistency in five of eight
studies, as measured at baseline via patient self‐reporting
using the BSFS47 in two studies.62,63 However, outcomes
using this validated tool were reported in only one study.62

Normalisation of stool consistency by the proportion of
responders at study endpoint was clinician‐reported in one
study,45 whereas improvement without further quantifica-
tion was clinician‐reported in three studies.59,61,63

Three studies reported on changes in stool frequency
without accounting for improvements in loose stool
consistencies to measure response to therapy.39,44,64 In
one study, an unvalidated, verbally administered 11‐
point numerical rating scale, NRS‐10 (0, no symptoms to
10, severe symptom affecting daily life)68 was used to
measure frequency.39 In one study, the number of bowel
movements per week was reported having measured
stool frequency by using patient‐reported daily counting
on a diary card.44 In another study, frequency was
reported per day, but how this was measured was not
reported.64 In the three studies that reported on both
stool consistencies and frequencies,61‐63 a normal fre-
quency was described as ≤ 363 or ≤ 261 bowel
movements day−1.

The effects of diet therapies on diarrhoea are shown
in Table 3. In all studies, vote counting was positive,
indicating that all three diet therapies provided a
beneficial direction of effect on diarrhoea.

Abdominal pain and flatulence

Two out of five studies on fat intake reduction from
the same centre measured abdominal pain and
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flatulence but in different ways.39,62 In one study, to
measure proportions of responders, the validated
Gastrointestinal Symptom Rating Scale69 was mod-
ified from a seven‐point rating scale to two outcome
categories of ‘frequent and causes major changes in
life’ or ‘never or occasional’.62 In the other study,
NRS‐1068 was used to measure patient‐reported
symptom change.39

Abdominal pain improved, as measured by
responder62 and by reduction in NSR‐10 score.39 For
flatulence, there was an improvement according to NSR‐
10 scoring in one study39 and a trend for improvement by
responder in the other.62 Both therapies were given
positive vote counts for each symptom. The data are
provided in the Supporting information (Table S1).

Adverse effects

Adverse effects were not reported in any studies.

Risk of bias and certainty of the evidence

Overall risk of bias for each included study was judged to
be serious (see Supporting information, Table S2). Risk
of bias justification of assessments across studies for each
therapy using the ROBINS‐I tool is provided in the
Supporting information (Table S3). Certainty of the
evidence using GRADE was assessed as very low quality
for each outcome (Table 4). Very low‐quality evidence
was in particular a result of limitations of study design,
impresicion due to very small population sizes, and
inconsistency in the definition of diarrhoea and its
measurement across studies.

DISCUSSION

This first systematic review of studies of diet, psychologi-
cal, and exercise therapies meeting diagnostic criteria for
BAD in adults with diarrhoea identified eight prospective
cohort studies from Denmark, Spain, Sweden, and the
UK, published between 1977 and 2019. No RCTs were
identified. None investigated psychological or exercise
therapies. Three types of diet therapy showed beneficial
directions of effect on diarrhoea, abdominal pain, and
flatulence. Data on any adverse effects were lacking.
From very low‐quality evidence, no conclusions can be
drawn on the effectiveness of diet, psychological, or
exercise therapies on diarrhoea, abdominal pain, and
flatulence for the management of BAD in adults.
Therefore, no recommendations for clinical and dietetic
practice can be made.

In primary BAD, the beneficial effect on diarrhoea of
removing lactose, sorbitol and fructose after optimisa-
tion with colestyramine61 is suggestive of co‐existing

diarrhoea‐predominant irritable bowel syndrome with
underpinning gastrointestinal hypersensitivity,70 rather
than defective carbohydrate malabsorption.71 Hydrogen
breath testing using 20 g of the test carbohydrate is not
adequately diagnostic for either lactose or fructose
intolerance,72 indicating that, in the study published by
Fernandez‐Banares in 2007,61 there was inadequate
rationale for dietary exclusion of either carbohydrate.
Indeed, lactose is well tolerated at a dose of 12 g, as
shown in a randomised, double‐blind, cross‐over study
amongst adults with lactose malabsorption who were
otherwise healthy, given as 240 ml of of cow's milk (2%
fat) twice daily for 7 days.73 This demonstrates the
importance of food challenge to verify benefit on
diarrhoea, which was not reported even though the
study duration was 12 months. Diarrhoea and symptoms
including abdominal pain and flatulence may present in
susceptible individuals when carbohydrates are poorly
absorbed in the small intestine and ferment in the large
intestine in healthy adults,74,75 as well as in gastro-
intestinal disorders.76 From accumulated evidence on
these carbohydrates, a diet low in fermentable oligosac-
charides, disaccharides, monosaccharides, and polyols
(FODMAPs)77‐79 evolved, with efficacy on global symp-
toms in irritable bowel syndrome supported by the
findings of a network meta‐analysis.80 Compared to the
limited data on sorbitol and fructose contents in foods
used in this study,61 our current knowledge on FOD-
MAP composition of foods across food groups is far
greater.81‐84 This suggests that a superior version of the
carbohydrate modification therapy is the low FODMAP
dietary intervention and that the intervention in this
study did not truly treat diarrhoea as a result of BAD.61

Perhaps surprisingly, there is a paucity of evidence
demonstrating diarrhoea induction as a result of dietary
components. Food transit through the small intestine
may be important to the rate of bile salt absorption, a
faster ileocolonic inflow increasing potential for colonic
spillover and diarrhoea. Physical aspects such as food
ingestion timing, food particle size, and osmotic actions
were not considered factors reported in the study design
of the interventions of the included studies. For example,
coarse wheat bran (15 g) but not fine psyllium (Fybogel,
7 g) significantly accelerates small intestinal transit
compared to control (cooked pudding rice, 25 g) in
healthy volunteers.85 In the large intestine, absorptive
capacity of water is enhanced by short‐chain fatty acids
derived from non‐digestible carbohydrates,86 although
excess (e.g., when given as lactulose) leads to osmotic
diarrhoea once absorptive capacity is reached.87 It might
be speculated that amylase‐resistant starches, found in
cooked and cooled rice and used in oral‐rehydration
solution for acute diarrhoea,88 could potentially increase
net colonic absorption of fluid in BAD and reduce faecal
flow rate. Dietary fibre intakes are often unnecessarily
low amongst people with diarrhoeal disorders and
diseases,89,90 as evidenced in one study39 in this review.
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However, BAD and diarrhoea‐predominant irritable
bowel syndrome exhibit dysbiosis and, in comparison,
reduced bacterial diversity was shown in BAD.24

Although the exclusive elemental diet therapy was
designed for short‐term use, our current understanding
supports inclusion of carbohydrate substrates as an
important variable to modulate the colonic microbiota91

via their physicochemical properties.89 Psyllium, for
example, appears to be safe in the long‐term treatment
of BAD based on patient‐reported survey data.30

Containing arabinoxylan, it is a viscous fibre and
recommended as a food supplement to treat symptoms
of irritable bowel syndrome.92 Viscous fibres also include
alginates, beta‐glucans, and pectins89 found naturally in
seaweed, oats, and chickpea husks. Interestingly, in a
synthetic form, hydroxypropyl cellulose (European 463,
used as a food thickener) was mistakenly used as the
inactive comparator against colestyramine in an RCT in
primary BAD and rapidly reduced the number of watery
stools.93 New insight into understanding the mechanisms
of action that improve bowel habit may lie with
microbiome‐manipulation therapies.94

In the management of secondary BAD, fat intake
reduction was found to have a beneficial effect on
diarrhoea, abdominal pain, and flatulence in cancer
survivors at 2 weeks and up to 2 years as induction
treatment in borderline to moderate BAD or adjunct to
BAS. Fat intakes ranged from 25 to 81 g day−1, likely
reflecting the broad variation in body weight and low and
very high body mass indices.39 However, none of the
studies described behaviour change techniques used to
support dietary adherence and internal validity, nor any
underpinning behaviour change theories to potentially
improve intervention effectiveness.95 Psychological fac-
tors that hinder or aid adherence to fat intake reductions
in this patient population are as yet unknown.

The strongest stimulators for bile acid release are
fatty acids with a chain length of at least 12 carbons,96

indicating that intake per day is not a suitable outcome
measure. In lean, healthy adults, as little as 1.5 g fat
(Intralipid) stimulated one‐quarter of the gallbladder bile
volume to be ejected,97 whereas 25 g was found to expel
85% over 75 min.98 The exclusive elemental diet therapy
provided less than 0.5 g of fat per sachet. However,
inadequate gallbladder volume evacuation (e.g., when
‘nil by mouth’ or in very low calorie dieting) initiates
gallbladder dysmotility and stasis, which is reversible but
can precipitate to gallstones.99 This is relevant in primary
BAD because obesity management may be a treatment
option to consider.27 One study conducted in obese,
weight‐reducing adults showed protection against biliary
sludge when the fat intake was 12.2 g day−1 compared to
3 g day−1.100 This suggests that, when managing bile salt
output, lower and upper thresholds of fat intake may be
applicable. To prevent gallbladder stasis, 10 g per meal,
irrespective of the level of obesity, has been proposed.101

In studies of fat intake reduction excluding those for

body weight reduction, fat intake was calculated based
on a proportion of an individual's energy intake,102–105

However, when considering that bile acids are recycled
four to 12 times daily106 with 0.2 to 0.6 g day−1 lost into
the colon,11 we hypothesise that, for further research
studies, the quantity of fat intake per eating session
rather than per day is appropriate for BAD. Further-
more, with bile acid pool doubling in primary BAD,11

data are lacking to justify any differences in fat intake
goal by age, weight, height or body mass index.107

Protein but not starch,108 coffee (regular and
decaffeinated),109 and colestyramine taken with a meal110

also stimulate gallbladder bile acid excretion. The amino
acids in the exclusive elemental diet therapy have been
proposed as the reason why gallbladder contractions
were no different compared to 60ml of corn oil in 300ml
of water consumed within 5 min, although the small
study was in healthy adults.67 This further indicates
complexity in the role of macronutrients and other
dietary components when considering the entire enter-
ohepatic pathway and also that dietary intervention in
primary BAD may be different from that in second-
ary BAD.

Caution should be exercised when interpreting these
findings for multiple reasons. The small number of
studies, although prospective, included no RCTs and no
control groups. Five of the eight studies had very small
sample sizes of less than 10 patients,44,45,59,61,64 whereas
59% of the total of 192 patients analysed were from one
study.62 The findings cannot be generalised to outside of
Europe, and data are lacking from outside of hospital
settings.

Demographic data on sex, age, and body mass index
were missing in primary BAD and in secondary BAD in
those who were not cancer survivors, particularly after
cholecystectomy, which may be an under‐recognised
group. Data from a multicentre survey conducted in 38
UK hospitals (1036 patients) showed the mean ± SD age
was 50 ± 17 years across all BAD subtypes.111 In a cross‐
sectional study conducted in a single‐centre hospital in 70
patients with primary BAD, the mean ± SD age was very
similar, at 48 ± 15 years.27 The older ages of the patients
in the studies of fat intake reduction39,45,62 may have
implications for aids used to support dietary adherence
that were not reported on in any of the studies, such as
digital technology. The inclusion of low body weights
was a major confounder for two studies of fat intake
reduction. For these patients, relief of diarrhoeal
symptoms may not have been a priority compared to
other important goals such health‐related quality of
life.112 Indeed, fat intake reduction to a very low level
may have been an inappropriate treatment goal for those
with a body mass index of less than 18.5 kg m–2, an
indicator of undernutrition as defined by the World
Health Organisation's weight classification system.

Searches were conducted to include as many studies
as possible because non‐pharmacological therapies have
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not been previously systematically reviewed. The broad
inclusion criteria allowed inconsistency in definitions for
the diagnosis of BAD. However, this was unavoidable as
a result of the availability and advancement of valid,
accurate tests over the last 50 years. Historically,
diarrhoea has been variably and poorly defined, and,
by accepting all author definitions in the eligibility
criteria, no studies were rejected. Had the definition of
diarrhoea been restricted to stool consistency, defined
using the BSFS or descriptively, then three out of the
eight studies would have been excluded. Eligibility
criteria also allowed reporting of outcomes on diarrhoea,
abdominal pain, and flatulence, which were variably
measured with variable duration to study endpoint and
without statistical analysis in six of the eight studies.

A further limitation in this review process is that the
screening of records and data collection were not
independently conducted by at least two investigators.
Although records and data were checked by another
investigator, this is not compatible with best practice to
reduce risk of error. In our opinion, it is unlikely that
these results would have altered had we employed
independent review by two investigators.

On the basis of the lack of evidence, no conclusions
could be drawn on the effectiveness of diet, psycholog-
ical, or exercise therapies for the management of BAD.
High‐quality RCTs in diet and as yet unexplored
therapies compared to usual care are needed, which
assess their acceptability, feasibility, and effectiveness
in treating symptoms of BAD. Because BAD is a
lifelong condition and therapies may be adjunctive to
medication, any study design should carefully consider
optimal treatment adherence by incorporating beha-
viour change techniques underpinned by behaviour
change theory.97 The outcome measures most impor-
tant to people with BAD should be prioritised and, if
possible, validated methods should be used to assess
them. Prioritisation should be given to studies in
primary BAD that could have the greatest positive
impact on those living with this often debilitating
condition.
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