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The efficacy of a low-fat diet to manage the symptoms of
bile acid malabsorption — outcomes in patients previously

treated for cancer
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Dietary fat ingestion triggers bile secretion into the gastro-
intestinal tract. Bile acid malabsorption affects >1% of the
population, causing loose stool and other gastrointestinal
symptoms. The diagnosis is frequently missed. Treatments
are often considered ineffective. We evaluated low-fat diets
for managing gastrointestinal symptoms in these patients. All
patients reporting type 6 or 7 stool were offered a selenium-75
homocholic acid taurine (SeHCAT) scan. Prospective data

in patients with 7-day scan retention <20% were analysed.
Patients requiring a bile acid sequestrant were given this
before receiving dietary advice. Patients completed a 7-day
food diary before dietetic consultations. Personalised di-
etary interventions, providing 20% of daily energy from fat,
were prescribed. Symptoms were assessed using a modified
gastrointestinal symptom rating scale questionnaire before
and 4-12 weeks after dietary intervention. A total of 114
patients (49 male, median age 64 years, median body mass
index 27 kg/m?) were evaluated. 44% of these patients were
taking colesevelam. After dietary intervention, there was
statistically significant improvement in abdominal pain and
nocturnal defecation (0.2% alpha, p=0.001). Improvement in
bowel frequency, urgency, flatulence, belching, borborygmi
and stool consistency were seen, but did not reach statistical
significance (p<0.004-0.031). Dietary intervention is an effec-
tive treatment option for patients with symptomatic bile acid
malabsorption and should be routinely considered.

Authors: “team navigator, GI unit, Royal Marsden NHS
Foundation Trust, London and Sutton, UK; Bsenior project
manager, GI unit, Royal Marsden NHS Foundation Trust, London
and Sutton, UK; Cstotistician, Department of Research and
Development, Royal Marsden NHS Foundation Trust, London and
Sutton, UK; PMacmillan nurse consultant, GI unit, Royal Marsden
NHS Foundation Trust, London and Sutton, UK; Esenior clinical
nurse specialist, GI unit, Royal Marsden NHS Foundation Trust,
London and Sutton, UK; "senior dietitian, Royal Marsden NHS
Foundation Trust, London and Sutton, UK; Sconsultant dietitian,
Royal Marsden NHS Foundation Trust, London and Sutton,

UK; "consultant gastroenterologist, GI unit, United Licolnshire
Hospitals NHS Trust, Lincoln County Hospital, Lincoln, UK

412

KEYWORDS: Bile acid malabsorption, diarrhoea, gastrointestinal,
low-fat diet, SeHCAT, sequestrant

Introduction

Bile acids are synthesised in the liver and stored in the gall
bladder. Particularly, triglycerides containing long-chain fatty
acids, long-chain free fatty acids, aromatic-aliphatic amino
acids and intact proteins in food — but not carbohydrates —
stimulate entero-endocrine cells to secrete cholecystokinin,
which stimulates contraction of the gall bladder and relaxation
of the sphincter of Oddi, allowing secretion of bile acids into
the duodenum." They play a key role in the emulsification
and solubilisation of lipids in the small intestine, aiding their
digestion and absorption. Lipids are absorbed in the small
bowel and the bile acids are released. A small proportion
of these bile acids are reabsorbed passively throughout the
small bowel; however, the vast majority are reabsorbed over a
relatively short section of the terminal ileum as a result of an
active absorption mechanism. They enter the entero-hepatic
circulation and are reused six to ten times each day. Bile acid
production in the liver is regulated by fibroblast growth factor
19 (FGF19) secretion, which is produced in the terminal ileum.”
Approximately 5% of the circulating pool of bile acids is
not absorbed and reaches the colon where deconjugation by
intestinal bacteria converts them into secondary bile acids.
These have a role in regulating normal bowel function.” An
excessive volume of secondary bile acids in the colon stimulates
electrolyte and water secretion, increases gastrointestinal
(GI) motility, shortens colonic transit time and inhibits water
and electrolyte reabsorption. This results in loose stool and
potentially in a number of other symptoms, which can include
urgency of defecation, abdominal bloating/cramps, flatulence,
abdominal pain, steatorrhoea and nocturnal defecation.*™®
Constipation (following episodes of diarrhoea) is rated as
the worst symptom in 20% of those affected in one study.*
Symptoms are often severe, for example, chronic episodic
faecal incontinence in up to half of all patients. However, when
individuals develop GI symptoms due to excessive bile acids
reaching the colon, these reflect the amount of bile secreted
many hours previously, so they can rarely see the association
between their symptoms and their dietary intake of fat.
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Bile acid malabsorption (BAM) is defined as a defect in
absorptive mechanisms in the terminal ileum because of ileal
disease, mucosal dysfunction or surgical resection. Recently,
the term bile acid diarrhoea (BAD) has been popularised. It
describes a syndrome with that same wide range of symptoms
(ie not just diarrhoea), but a wholly distinct causative
mechanism. It is due to impaired FGF19 feedback inhibition
by a non-diseased, intact ileum, resulting in excessive bile acid
synthesis by the liver, overwhelming ileal absorptive capacity
and resulting in excessive bile salts reaching the colon.”

There is no simple diagnostic test available for BAM/BAD
worldwide. However, selenium-75 homocholic acid taurine
(SeHCAT) scanning is available in 10 European countries,
Canada and Australia (but not the USA) and has a sensitivity of
89-97% and a specificity of close to 100% for the diagnosis of
BAM/BAD.’ Even where the SeHCAT scan is available, usage
varies widely. Clinicians in the UK request 10 times as many
scans per million population compared with any other country
(personal communication, General Electric). In addition,
while a SeHCAT scan result will indicate that malabsorption is
occurring, it does not necessarily predict the variety or severity
of patients’ symptoms because these also depend on the amount
of fat in the diet.

Studies using SeHCAT scanning consistently suggest that
BAM/BAD affect large numbers of people. Primary BAD
affects approximately 1% of the population.'” Secondary
BAM/BAD - described frequently after upper GI surgery,
with pancreatic disease, during chemotherapy or biological
therapies for cancer, during and after pelvic radiotherapy, after
terminal ileal resection for Crohn's disease or cancer, in those
with microscopic colitis and a number of other conditions' ™’
— affects unquantified, but substantial, numbers of patients.
The failure to diagnose this condition — it is frequently
misdiagnosed as irritable bowel syndrome — not only means
that difficult symptoms are not treated optimally but also
impacts on the health economy; many undiagnosed patients
undergo, sometimes repeatedly, unnecessary and expensive
tests (eg colonoscopy) and are offered ineffective and frequently
costly medications.

There are probably two main reasons why BAM/BAD
remains underdiagnosed. First, many key opinion leaders in
gastroenterology have no access to diagnostic tests for this
condition, so have no objective markers to help them manage it;
second, there is a widespread perception that treatment options
are not very effective. However, there have been surprisingly
few studies investigating and reporting outcomes for the
various treatment options for BAM/BAD, let alone the use of
low fat diets.”*'*

The aim of this study was to evaluate the efficacy of low-
fat dietary interventions in the management of bile acid
malabsorption.

Method

This study was reviewed and approved as a service evaluation by
the Royal Marsden Hospital Committee for Clinical Research
and did not require informed consent from patients.

This was an evaluation of prospectively and systematically
recorded data from consecutive patients with a 7-day SeHCAT
scan result of <20% at The Royal Marsden Hospital Foundation
Trust.
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The majority of patients referred for a SeHCAT scan were seen
in the GI and nutrition team (GIaNT) ‘consequences-of-cancer-
treatment’ clinic. Before every GIaNT clinic appointment,
patients are required to fill out a modified gastrointestinal
symptom rating scale (GSRS) questionnaire, to aid clinical
management.”! The GSRS used in the GIaNT clinic contains
30 questions. Of the 30 symptoms the questionnaire asks about,
13 of the GI symptoms were considered to be potentially related
to bile acid malabsorption. These symptoms were urgency,
abdominal bloating, faecal incontinence, flatulence, abdominal
pain, steatorrhoea, nocturnal defecation, tenesmus, belching,
nausea, vomiting, heartburn and borborygmi. Patients were
asked to categorise the severity of each symptom as ‘never’,
‘occasional’, ‘frequent’ or ‘causing major changes in life’.

Patients were also asked to indicate how frequently they
open their bowels and, using a Bristol Stool Chart, what stool
consistencies they had experienced in the previous 4 weeks.?
If a patient identified that they pass type 6 or 7 stool even
intermittently, the patient was routinely offered a SeHCAT
scan. We have previously shown that this policy yields an
abnormal SeHCAT scan in approximately half of patients.
In addition, patients were asked to rate on a scale of 1-10 their
quality of life at present (where 1 = very low and 10 = perfect)
and the severity with which their bowel symptoms affect their
quality of life (where 1 = not at all and 10 = all the time).

Patients diagnosed with BAM were treated according to our
local policy (Fig 1).° Patients requiring a bile acid sequestrant had
their dose optimised before receiving dietary advice. Patients were
asked to complete a 7-day food diary for their initial consultation
with a registered dietitian and then advised on a personalised
low-fat dietary intervention, aiming to provide 20% of total daily
energy from all types of ingested dietary fat.® Patients attended
a follow-up appointment with the dietitian 4-12 weeks later at
which they brought a 7-day food diary or provided dietary recall
and rated their GI symptoms again on the GSRS.

Data regarding patient demographics, previous cancer history,
treatment and concomitant diagnoses that could affect their GI
symptoms were also recorded.

18,19

Statistical analysis

The primary aim of this study was to evaluate the efficacy of
using a low-fat diet to treat bile acid malabsorption. Patient
demographics, cancer diagnosis and BAM treatment data
were summarised and by SeHCAT categories using median
and interquartile range (IQR) for the continuous data and
counts/frequencies and percentages for the categorical data.
GSRS symptom data were summarised using frequencies and
percentages in the severity levels (none/mild versus moderate/
severe) groups. The difference in the paired reported frequency
of symptom occurrence before and after dietary intervention
as recorded on the GSRS questionnaires was assessed using
McNemar's test to specify the level of statistical significance.
The Bonferroni method was used to adjust for multiple testing
for the individual GSRS symptoms analysis. Based on that, only
p-values <0.002 are considered statistically significant.

Results

This study identified 188 consecutive patients who underwent
a SeHCAT scan between January 2014 and March 2016.
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Patients with GI symptoms referred

for SeHCAT scan

SeHCAT scan result:
5-10%
Moderate BAM/BAD

SeHCAT scan result:

0-5%
Severe BAM/BAD

Check trace elements and fat
soluble vitamins and commence
on forceval

Commence on suitable
bile acid sequestrant
(colesevelam) and provide
supportive literature

on BAM Patient to make informed
choice on initial treatment
plan: treatment options of bile
acid sequestrant or low-fat
dietary intervention presented

Check trace elements
and fat soluble vitamins
and commence on
forceval

and patient sheets for each
Refer to dietitian for intervention.
assessment of 7-day food
diary and low-fat dietary
intervention, if required

If dietary management chosen,
refer to dietitian for assessment
of 7-day food diary and low-fat

dietary intervention, if required. If

bile acid sequestrant preferred,
start on colesevelam

with rationale for both treatments

SeHCAT scan result: SeHCAT scan result:

10-15%
Mild BAM/BAD

15-20%
Borderline BAM/BAD

Refer to dietitian for
assessment of 7-day
food diary and trial of
low-fat diet

Refer to dietitian for
assessment of 7-day food
diary and low-fat dietary
intervention, if required

Check trace elements and

fat soluble vitamins and
consider prescription

If symptoms are not satisfactorily controlled with diet alone,
consider a trial prescription of bile acid sequestrant (colesevelam)

Patients with steatorrhoea require colesevelam

Fig 1. SeHCAT screening algorithm. Patients enrolled in this study were managed depending on their SeHCAT 7-day retention. BAD = bile acid diarrhoea;
BAM = bile acid malabsorption; GI = gastrointestinal; SeHCAT = selenium-75 homocholic acid taurine.

Of these, 53 (28%) had a 7-day retention of 15-20%
(borderline), 37 (20%) had a 7-day retention of 10-15%
(mild), 33 (18%) had 7-day retention of 5-10% (moderate) and
65 (35%) had severe BAM (7-day retention 0-5%).

However, not all patients had been seen in our clinic. Of
those who had, a few were missing a GSRS questionnaire from
relevant time points and a few did not attend follow-up. As a
result, 114 patients were included in this study.

There was no significant difference in age (p=0.146) and
numbers of patients in each SeHCAT category (p=0.07)
between the non-evaluable and evaluable patients. The median
age was similar, 61 and 64 years, respectively. However, there
were fewer patients diagnosed with coexistent small intestinal
bacterial overgrowth or pancreatic insufficiency in the non-
evaluable group (23 (31%)) compared with patients in the
evaluable group (61 (54%); p=0.002).

Baseline characteristics

Of the patients diagnosed with BAM, 53% had previously
undergone GI surgery and 55% had other GI disorders,
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including 84% with small intestine bacterial overgrowth
and 34% with pancreatic insufficiency (Table 1). At time
of entry into this study, 75% of patients had been offered
medication — loperamide (43%), normacol (26%) and
colesevelam (64%) — and were taking a stable dose.

Symptom occurrence

Table 2 shows the number of patients reporting each GI
symptom and the change in each symptom after the dietary
intervention for the patients overall. The change was statistically
significant for abdominal pain and nocturnal defecation
(p=0.001). There was also a trend of improvement in most other
symptoms (p<0.004—0.031) although this was not significant
at 0.2% alpha level. However, abdominal bloating (p=0.100),
heartburn (p=0.144) and tenesmus (p=0.359) did not appear
to improve much. There were no differences in response in the
four separate categories of severe, moderate, mild and borderline
BAM/BAD to dietary intervention (data not shown).

Fig 2 shows the stool consistency reported by the patients before
and after low-fat dietary intervention, measured using the Bristol

© Royal College of Physicians 2017. All rights reserved.
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Table 1. Baseline characteristics of the patients included in this study

SeHCAT category
Variables Total Severe Moderate Mild Borderline
n=114 (0-5%) (5-10%) (10-15%) (>15%)
(n=34) (n=19) (n=29) (n=32)
n (%) n (%) n (%) n (%) n (%)
Gender
Female 65 (57.0) 24(37) 15 (23) 14 (22) 12 (18)
Male 49 (43.0) 10 (20) 4 (8) 15(31) 20 (41)
Age, years
Median (range) 64 (23-86) 61 (30-84) 65 (23-85) 63 (28-80) 67 (40-86)
Interquartile range 55-71 52-71 56-69 50-70 58-74
Weight, kg
Median (range) 77 (39-127) 71 (39-127) 71 (48-118) 78 (51-117)) 82 (45-118)
Interquartile range 64-90 55-84 62-95 65-84 66-100
BMI
Median (range) 27 (16-45) 27 (17-38) 28 (18-44) 27 (19-39) 29 (16-45)
Interquartile range 23-31 20-31 22-35 24-29 23-31
Tumour site
Upper GI 10 (9) 2 (20) 0 3(30) 5(50)
Lower GI 25(22) 8 (32) 7 (28) 5(20) 5(20)
Urology 30 (26) 8 (27) 2(7) 8 (27) 12 (40)
Gynaecological 31(27) 11 (35) 5(16) 8 (26) 7 (23)
Haematology 8(7) 3(38) 1(12) 2 (25) 2 (25)
Other** 36 (32) 12 (33) 10 (28) 5(14) 9 (25)
GI surgery 60 (53) 22 (37) 11 (18) 13 (22) 14 (23)
Oesophago-gastric 6 (10) 0 0 2 (33) 4(67)
Pancreatic 4(7) 0 1(25) 1(25) 2 (50)
Biliary 1(2) 1(100) 0 0 0
Hepatic 5(8) 1(20) 2 (40) 0 2 (40)
Stoma 15 (25) 7 (47) 3(20) 4(27) 1(7)
Small bowel 9 (15) 7 (78) 1(11) 1(11) 0
Right colon 14 (23) 6 (43) 2 (14) 3(21) 3(21)
Left colon 0 0 0 0 0
Anterior resection 12 (20) 2(17) 4 (33) 3(25) 3(25)
Other surgery 26 (43) 7 (27) 6 (23) 7 (27) 6 (23)
Coexisting treated disorders 61 (55) 19 (31) 9 (15) 18 (30) 15 (25)
SIBO 51 (84) 17 (33) 9 (18) 14 (27) 11 (22)
Pancreatic insufficiency 21 (34) 6 (29) 3 (14) 7 (33) 5 (24)
Prescribed medication 86 (75) 32 (37) 17 (20) 18 (21) 19 (22)
Loperamide 37 (43) 9 (24) 6(16) 8 (22) 14 (38)
Normacol 22 (26) 1(5) 7 (32) 9 (41) 5(23)
Colesevelam 55 (64) 30 (55) 15 (27) 6(11) 4(7)
Senna 7 (8) 0 2(29) 1(14) 4 (57)
Sodium docusate 0
Lactulose 1(1) 0 0 0 1(100)
Laxido 1(1) 0 1(100)
Daily colesevelam 53 (46) 28 (53) 15 (28) 6(11) 4 (8)
Daily cholestyramine 0

*Breast (n=5), endometrium (n=1), hepatic (n=1), leukaemia (n=3), metastatic disease (n=16), neuroendocrine (n=1), prostate (n=2), rectal (n=1), sarcoma (n=1),
vaginal vault (n=1) and unknown (n=4). BMI = body mass index; GI = gastrointestinal; SeHCAT = selenium-75 homocholic acid taurine; SIBO = small intestinal
bacterial overgrowth
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Table 2. Patient GSRS symptom occurrence change from pre- to post-treatment assessment

Symptom n Initial assessment, n (%) Follow-up, n (%) McNemar
Frequency of occurrence Never/occasional Frequent/CMCL  Never/occasional Frequent/CMCL p-value
Urgency to open bowels 107 55(51) 52 (49) 72 (67) 35(33) 0.005
Abdominal bloating 99 69 (70) 30 (30) 77 (78) 22 (22) 0.100
Faecal incontinence 96 70 (73) 26 (27) 81 (84) 15(16) 0.013
Flatulence 106 60 (57) 46 (43) 76 (72) 30 (28) 0.005
Abdominal pain 107 60 (56) 47 (44) 77 (72) 30 (28) 0.001
Steatorrhoea 91 73 (80) 18 (20) 83 (91) 8(9) 0.031
Nocturnal defecation 104 74(71) 30 (29) 87 (84) 17 (16) 0.001
Tenesmus 104 65 (63) 39 (37) 70 (67) 34 (33) 0.359
Belching 107 84 (79) 23 (21) 96 (90) 11(10) 0.008
Nausea 106 84 (79) 22 (21) 94 (89) 12(11) 0.021
Vomiting 107 97 (91) 10 (9) 103 (96) 4 (4) 0.031
Heartburn 107 89 (83) 18 (17) 96 (90) 11(10) 0.144
Borborygmi 106 65 (61) 41 (39) 81 (76) 25 (24) 0.004

CMCL = causes major changes in life; GSRS = gastrointestinal symptom rating scale

Stool Chart. The most frequently reported stool consistency
changed from stool type 5 at initial assessment to type 4 post-
treatment. In addition there was a 40% drop in patients reporting
type 7 stool and a 17% decrease in patients reporting type 6

stool. Fig 3 shows the frequency of bowel movements reported

by patients, before and after low-fat dietary intervention. The
frequency of bowel movements remained consistent at 2—3 times
per day; however, there was a reported 32% decrease in 7 or

more bowel movements a day and a 30% decrease in 4—6 bowel
movements a day after dietetic intervention.

Fig 4 and Fig 5 express the change in the patients’ perceived
quality of life and the severity to which their bowel symptoms
affected their quality of life, before and after treatment. The
median score for quality of life improved from 6 to 7 (where 1 =
very low and 10 = perfect). The median score for the severity

== Before dietary

assessment
After dietary
intervention
Type 2
Type 3

Type 5

Type 4

Fig 2. Stool consistency before and after dietary advice, as recorded
on a Bristol Stool Chart. Stool type is indicated 1-7 and the percentage of
affected people is shown 0-60 % for each stool type.
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=+= Before dietary

Less than assessment
once a week .

20 After dietary

intervention
7 or more Once every
times a day 4-7 days
4-6 tirges Once every
aday 2-4 days
2-3 times Once a day

a day

Fig 3. Stool frequency before and after dietary advice, as recorded on
a Bristol Stool Chart. Stool frequency is indicated as less than once a week
through to seven times per day and the percentage of affected people is
shown 0-70% for each stool type.

== Before dietary
assessment

After dietary
intervention

Fig 4. Patient rating for their overall quality of life before and after the
dietetic intervention. Patients completed a visual analogue scale to assess
their quality of life, where 0 signifies a low score and 10 a perfect quality of life.
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== Before dietary
assessment

After dietary
intervention

Fig 5. Patient rating for their bowel-specific quality of life before and
after the dietetic intervention. In contrast to the overall quality of life
scale, for bowel function, O signifies no effect of bowel symptoms on quality
of life while 10 signifies terrible effects.

to which their bowel symptoms affected their quality of life
improved from 7 to 6 (1 = not at all, 10 = all the time).

Discussion

This evaluation shows that after a low-fat dietary intervention
the frequency with which patients with a SeHCAT scan retention
of <20% experienced GI symptoms decreased, with a significant
reduction in abdominal pain and nocturnal defecation and a
trend towards statistically significant improvement for most
other symptoms. These improvements were seen both in
patients on no bile acid sequestrants and those on a stable dose
of sequestrant but still with residual symptoms.

While guidelines generally consider a SeHCAT scan retention
of >15% normal, it has been shown that if a scan is repeated
twice in the same patient, the values, while close, are not always
identical.” Consequently, it is possible that some patients
with borderline BAM/BAD may in fact have more severe
malabsorption. Symptoms will also depend on the amount
of fat ingested, something rarely considered by clinicians.
Therefore, an absolute cut-off value defining an abnormal
SeHCAT scan is not rational. This study has shown that
patients with borderline BAM according to a SeHCAT scan do
experience GI symptoms, which sometimes can be improved
with suitable interventions.

This was not a blinded study and patients acted as their own
controls. Some patients had to be excluded as they did not
return for follow-up or the GSRS questionnaire from their
follow-up visit was not saved to our electronic patient record.
The group of patients we see are complex and very frequently
have multiple GI diagnoses contributing to their symptoms.*®
Other diagnoses were excluded or treated using the GIaNT
management algorithm.” One third of patients also had a
degree of pancreatic insufficiency, so dietary fat intake may
have impacted on these patients’ symptoms although patients
were established on all appropriate medication before dietary
intervention; ie dietary intervention is the last therapeutic
intervention in our clinic. We performed quite a number of
statistical analyses and as such some of our positive findings
may have occurred by chance although we have corrected for

© Royal College of Physicians 2017. All rights reserved.
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multiple testing. While all of these factors have the potential
to bias the results, our overall findings are consistent with
much smaller studies, some from many years ago.*>*>**7 Qur
findings are also consistent with a smaller study from our unit
in a separate population of 40 patients assessed using a different
numerical symptom scoring tool published in 2015.°

Dietary fat intake was assessed via 7-day food diaries, which
has been shown to have far greater accuracy than a 24-hour
dietary recall.” All food diaries were analysed by one of two
dietitians. Previous studies have shown that dietary fat intake
limited to 20% of daily calorie intake can be maintained by
patients long term.® The use of low-fat dietary intervention
in the management of BAM has been overlooked in national
guidelines.® The use of such dietary intervention can have a
significant impact on GI symptoms and quality of life also
improved as scored in this study. The impact on the health
economy of effectively managing the condition in this way is
likely to be substantial.

Conclusions

This study suggests that for patients with a SeHCAT retention
of <20%, management of GI symptoms with the use of a low-fat
diet leads to a clinically significant improvement in symptoms
and should be a routine part of the therapeutic armamentarium
in this patient group. Further studies are warranted to
determine the degree of fat restriction that is effective and the
long-term sustainability of this intervention by patients. m
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