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Abstract
Background—Chronic diarrhoea is the
clinical hallmark of patients presenting
with idiopathic bile acid malabsorption.
Its pathogenesis is unknown; colonic water
secretion can be induced by dihydroxy bile
acids, but it is not known whether enrich-
ment of the bile acid pool with these bile
acids occurs in such patients. Further-
more, bile acid malabsorption is known to
aVect biliary lipid composition, but no
information is available for the idiopathic
type.
Aims—To verify: (a) whether diarrhoea in
patients with idiopathic bile acid malab-
sorption is associated with enrichment of
the bile acid pool with dihydroxy bile
acids; and (b) whether supersaturation
with cholesterol of duodenal bile occurs in
such patients as a result of chronic bile
acid depletion.
Patients—Thirteen patients with idio-
pathic bile acid malabsorption diagnosed
according to abnormal 75SeHCAT test and
absence of other organic diseases, and 23
control subjects.
Methods—Bile rich duodenal fluid was
collected during intravenous ceruletide
infusion in the fasting state. Biliary lipids
were analysed by enzymatic assays and
bile acids by high performance liquid
chromatography.
Results—Patients with idiopathic bile acid
malabsorption had a cholesterol satura-
tion index similar to controls. Bile acid
composition showed only a decrease in
percentage cholic acid (29 (2)% versus 36
(2)%; p<0.05); the dihydroxy:trihydroxy
bile acid ratio was similar to controls.
Conclusions—Patients with idiopathic
bile acid malabsorption do not have an
increased risk of forming cholesterol gall-
stones. The mechanism of diarrhoea does
not seem to depend on an enrichment of
the bile acid pool with dihydroxy bile
acids.
(Gut 1998;43:812–816)
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Idiopathic, or type II, bile acid malabsorption
(IBAM) is a condition characterised by chronic
or intermittent diarrhoea in the presence of bile
acid malabsorption of unknown origin and a
symptomatic response to cholestyramine.
Since its first description in 1973, it has been
considered a rare condition.1 However, it is

possible that the condition has been underdiag-
nosed, as its identification has for many years
relied on showing excess faecal losses of bile
acids, which requires the unpleasant handling
of faeces and technical equipment not univer-
sally available. The availability of 75SeHCAT
(75selena homocholic acid taurine) as a test
substance for measuring bile acid turnover rate
using abdominal scintigraphy has provided a
much simpler procedure for diagnosing bile
acid malabsorption.2–4 Consequently, IBAM
has progressively seemed a more frequent con-
dition than previously appreciated.5 6 A multi-
centre study has recently estimated that its
prevalence is over 50% in patients with
functional diarrhoea and even higher in those
with an increased faecal wet weight.7

The pathogenesis of IBAM is still unknown,
and diVerent mechanisms have been sug-
gested. Morphological changes in terminal
ileum biopsy specimens have been described in
three patients with abnormal immune func-
tion, and an autoimmune disorder has been
hypothesised as a possible mechanism leading
to IBAM,8 but these findings have not been
confirmed. A defect in ileal bile acid uptake
measured ex vivo has been suggested in two
young patients with IBAM.9 Using more
sophisticated techniques, Van Tilburg et al have
not been able to confirm a bile acid carrier
defect in biopsy specimens of the terminal
ileum.10 Finally, mutations in the ileal sodium
dependent bile acid transporter gene have been
reported in members of a family with congeni-
tal idiopathic bile acid malabsorption.11 In the
absence of a well defined disorder in the active
bile acid absorption system, other hypotheses
have been suggested, such as increased small
intestinal motility and increased total bile acid
pool, to an extent to overcome the ileal active
absorption eYciency.12

A similar uncertainty exists over the possible
mechanisms causing diarrhoea in patients with
IBAM. Dihydroxy bile acids, such as chenode-
oxycholic and deoxycholic acid, are known to
inhibit colonic sodium reabsorption, thus
causing diarrhoea. Although enrichment of the
bile acid pool with dihydroxy bile acids has
been hypothesised as possibly contributing to
diarrhoea in IBAM,6 10 there are no data on the
composition of the bile acid pool in such
patients.

Chronic bile acid malabsorption is known to
alter biliary lipid and bile acid composition.
Information is available for type I or organic
bile acid malabsorption,13 14 but not for patients
with IBAM. We only found one report of two
young patients with IBAM in a study of five
individuals with bile acid malabsorption, in
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whom biliary lipids were measured before and
after puberty. The authors found that choles-
terol supersaturation developed in duodenal
bile after puberty.15

The aim of our study was to measure biliary
lipid and bile acid composition of patients with
IBAM, in order to assess: (a) whether their
diarrhoea is associated with biliary enrichment
with dihydroxy bile acids; and (b) whether
supersaturation with cholesterol of duodenal
bile occurs as a consequence of chronic bile
acid depletion, indicating an increased risk of
cholesterol gall stone formation.

Patients and methods
We studied 13 patients with IBAM (mean age
40 years; five men and eight women). All
patients were referred to our hospital because
of a history of chronic/intermittent diarrhoea of
more than six months duration. Diarrhoea was
defined as an abnormal increase in bowel
motions (more than 20 per week) and/or a fae-
cal wet weight more than 600 g/72 hours. No
patient reported a history of food intolerance,
use of drugs possibly related to diarrhoea,
including laxatives, or alcohol abuse. No
patient had a history of major abdominal
surgery. Routine blood chemistry, thyroid hor-
mones, and tests for assessing nutritional status
were in the normal range. Repeated search for
bacterial or parasitic infections in the stools was
negative.

All patients had a normal abdominal and
intestinal ultrasonography and normal upper
gastrointestinal endoscopy with normal mor-
phology of duodenal biopsy specimens. Small
bowel enteroclysis and colonoscopy with mul-
tiple biopsies (with inspection and biopsies of
the last 10 cm of the terminal ileum when pos-
sible) were negative.

After the exclusion of known causes of diar-
rhoea, patients were submitted to a 75SeHCAT
test. The 75SeHCAT test was performed as
previously described,3 16 assessing the exponen-
tial decrease of radioactivity over the gall blad-
der area by collimated gammacamera for seven
consecutive days.3 Bile acid malabsorption was
diagnosed when 75SeHCAT half life was less
than two days.16

EXPERIMENTAL PROCEDURE

Informed verbal consent for obtaining bile
samples was obtained from all subjects and
controls according to a protocol that was
approved by the local ethical committee.

Duodenal bile was collected from all patients
with IBAM and from 23 healthy subjects with
normal bowel habit who served as controls
(mean age 39 years; 12 men and 11 women).
The procedure was carried out in the morning
after overnight fasting. A nasoduodenal tube
was positioned into the third portion of the
duodenum under fluoroscopic guidance.
A 5 ml aliquot of bile rich duodenal fluid was
then collected during intravenous infusion of
50 ng/kg ceruletide (Takus, Farmitalia, Milan,
Italy).

The concentration of total bile acid,17

cholesterol,18 and phospholipid19 was measured
enzymatically. All bile samples satisfied the
requirement of a total lipid concentration
greater than 5 g/dl, thus rendering possible a
reliable calculation of cholesterol saturation
index (CSI).20 CSI was calculated using the
polynomial equation of Thomas and
Hofmann21 based on cholesterol solubility lines
described by Hegardt and Dam.22

Analysis of the conjugated bile acids (CA,
cholic acid; CDCA, chenodeoxycholic acid;
DCA, deoxycholic acid; UDCA, ursodeoxy-
cholic acid; LCA, lithocholic acid) was carried
out by high performance liquid chromatogra-
phy (HPLC) using a modification of a
previously described technique.23 Analytical
grade reagents and deionised distilled water
were used. Conjugated bile acids and phenol
(internal standard) were purchased from
Sigma Co. (St Louis, Missouri, USA). Aque-
ous KH2PO4 , 2.0 g/l (A), H3PO4 85%, 2.0 ml/l
(B) solutions, and gradient grade acetonitrile
(C) (Merck, Darmstadt, Germany) were used
as the mobile phase. Bile (200 µl) was diluted
to 4.0 ml with 100% ethanol, brought to boil-
ing point for 5–10 minutes, and left overnight
at room temperature in the dark. The mixture
was spiked with 100 µl ethanolic phenol
solution (0.5 mg/ml), shaken well, and filtered
through a 0.22 µm Millipore filter; 4.0 ml of an
ethanolic solution containing 1.0 mg/ml of
each bile acid, spiked with 100 µl of internal
standard, was used as the standard. A 20 µl
aliquot of sample or standard was injected into
the chromatograph.

A Merck Hitachi (Merck, Darmstadt, Ger-
many) liquid chromatograph (L-6200A Intelli-
gent Pump) equipped with a UV-VIS variable
wavelength detector (L-4250 UV-VIS detec-
tor), an automatic injection autosampler (AS-
2000A Autosampler), and a column oven
(L-5025 Column Thermostat) were used. An
octadecylsylil LiChroCART 250 × 4 mm
HPLC-Cartridge Superspher 100 RP-18 4 µm
column (Merck) was used throughout with a
LiChroCART 4 × 4 mm HPLC-Cartridge
LiChrospher 100 RP-18 5 µm (Merck) guard
column. Elution was performed at 1.0 ml/min
flow rate at 25°C. A multistep linear gradient,
starting at time 0 with A:B:C eluent composi-
tion at 41:31:28 (vol/vol %) proportion, was
imposed over 90 minutes. The initial composi-

Table 1 General characteristics of the patients with idiopathic bile acid malabsorption
(IBAM)

Patient
number Sex

Age
(years) BMI

Faecal weight
(g/day) Stools/week

75SeHCAT t1⁄2

(days)

1 F 56 20.1 250 25 1.58
2 F 32 18.0 333 35 0.01
3 F 25 17.5 180 34 1.00
4 F 30 18.4 210 30 0.97
5 M 38 24.6 220 25 1.34
6 F 41 25.6 150 26 1.43
7 M 34 23.1 210 22 1.62
8 F 43 17.8 210 24 1.74
9 F 58 26.0 260 24 0.88
10 M 28 21.2 220 23 1.50
11 M 65 23.0 250 22 1.14
12 M 39 19.5 250 24 0.14
13 F 39 25.4 230 23 0.74
Mean 8F/5M 40.7 21.5 228 26 1.08
SEM — 3.0 0.9 12 1 0.14

BMI, body mass index.
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tion, maintained for 10 minutes, was brought
to 38:29:33 within five minutes; this was main-
tained for the following 10 minutes. The com-
position was then linearly brought to 2:2:96
during the following 45 minutes and then to
the original conditions within two minutes.
The column was reequilibrated for 18 minutes
before the next injection. The acetonitrile
gradient eVectively served to elute more
retained contaminants, which otherwise could
appear during subsequent chromatograms.
Optimum chromatographic performance was
obtained by accurate preparation of the mobile
phase. The column was periodically cleaned by
flushing with pure acetonitrile. Peak height was

measured using a Merck Hitachi D-2500
Chromato-Integrator. The detection was per-
formed at 200 nm, the detector output was set
at 0.002 absorbance units at full scale, and the
integrator input was 128–256 mV at full scale.
The reproducibility, assessed by repeated
assays of bile samples, and the accuracy, evalu-
ated by adding increasing concentrations of
standards to bile acid specimens, were always
greater than 98%.

STATISTICAL ANALYSIS

Results were expressed as mean (SEM). Data
distribution was shown by plotting median
values, 75th and 25th percentiles, maximum
and minimum values. Significant diVerences
were assessed using the Mann-Whitney U test.
Linear regression analysis was used for assess-
ing the existence of significant correlations.
Values of p less than 0.05 were considered sig-
nificant.

Results
Table 1 shows the general characteristics of the
patients. All patients with IBAM had a normal
body mass index. Diarrhoea was present in all
patients with IBAM, as defined by increased
faecal wet weight and/or weekly stool fre-
quency. All patients responded to cholesty-
ramine administration—begun after comple-
tion of the 75SeHCAT test and bile
collection—by a decrease in stool frequency
(no more than 15 per week) and disappearance
of symptoms (abdominal pain, bloating, faecal
urgency).

Cholesterol saturation index was 0.97 (0.12)
in patients with IBAM versus 1.02 (0.09) in
controls (NS). Figure 1 shows the distribution
of data for biliary lipid composition. Patients
with IBAM had significantly higher percentage
bile acid values and lower percentage phos-
pholipid values. Mean (SEM) values were 5.0
(0.7)% for percentage cholesterol in patients
with IBAM versus 5.8 (0.6)% in controls (NS);
80.2 (1.3)% versus 73.5 (2.0)% (p<0.05) for
total bile acids; and 14.8 (0.9)% versus 20.6
(1.7)% (p<0.05) for phospholipids. Table 2
shows that no significant diVerences for biliary
lipid ratios were found between patients and
healthy subjects.

Figure 2 shows the distribution of data for
biliary bile acid composition. A significant
depletion of cholic acid was observed in
patients with IBAM. No diVerence was ob-
served for the other bile acids, although
percentage deoxycholic acid showed a wide
variability in patients with IBAM, ranging from
0.13% to 38.67%; three patients had less than
1% deoxycholic acid in their bile. Mean (SEM)
values were 29 (2)% in patients with IBAM
versus 36 (2)% in controls (p<0.05) for CA; 44
(2)% versus 40 (2)% (NS) for CDCA; 20 (4)%
versus 22 (2)% (NS) for DCA; 4 (1)% versus 5
(2)% (NS) for UDCA; and 3 (1)% versus 4
(2)% (NS) for LCA.

No diVerence was observed for dihydroxy:
trihydroxy bile acid ratio between patients with
IBAM and controls (2.12 (0.19) versus 1.86
(0.16); NS).

Table 2 Biliary lipid ratios in control subjects and patients
with idiopathic bile acid malabsorption (IBAM)

Group BA:CHOL BA:PL PL:CHOL

Controls 19.8 (4.1) 4.3 (0.5) 4.5 (0.6)
IBAM 26.1 (7.2) 5.7 (0.4) 4.2 (0.9)
p Value NS NS NS

Results expressed as mean (SEM).
BA, bile acids; CHOL, cholesterol; PL, phospholipids.

Figure 1 Data distribution for percentage cholesterol, bile acids, and phospholipid in
controls and patients with IBAM. Symbols indicate median values, boxes indicate 75th and
25th percentiles, and whiskers indicate minimum and maximum values of the range.
*p<0.05 versus controls.
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Figure 2 Data distribution for percentage bile acid composition (CA, cholic acid; CDCA,
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75SeHCAT half life was not associated with
the percentage of cholic and deoxycholic acid,
nor with cholesterol saturation index.

Discussion
We have shown that patients with idiopathic
bile acid malabsorption have a cholesterol
saturation index similar to healthy subjects,
indicating that they do not have an increased
risk of forming cholesterol gall stones. Data on
cholesterol saturation of duodenal bile in
patients with bile acid malabsorption of
organic cause are conflicting. Earlier studies
reported that duodenal bile becomes super-
saturated with cholesterol following ileal resec-
tion or disease.13 14 Later, Färkkilä et al
however, found a normal cholesterol saturation
of duodenal bile in 29 patients after ileal
resection.24 Similar results were obtained from
Einarsson’s group in patients with Crohn’s dis-
ease following ileal resection.25 Similarly,
Koivisto and Miettilnen found cholesterol
saturation of duodenal bile to be normal in
patients with partial ileal bypass26 and we found
this to be true also in patients with ileoanal
anastomosis and total colectomy,27 who have
bile acid malabsorption according to the
75SeHCAT test.16

The biliary lipid composition of our patients
with IBAM showed a percentage enrichment in
bile acid, with a corresponding decrease in per-
centage phospholipid. These findings are simi-
lar to those reported by Färkkilä et al in ileal
resection patients, although the notable de-
crease in percentage phospholipids did not
reach statistical significance in this study.24 A
possible explanation of this pattern may be an
increase in faecal losses of bile acids, causing
increased hepatic cholesterol synthesis, which
in turn is mainly diverted to bile acid
synthesis.24 Despite the altered percentage
biliary lipids composition, biliary lipid ratios
showed no diVerences between patients and
controls, confirming that idiopathic bile acid
malabsorption does not predispose to choles-
terol gall stone formation. This is supported by
a long term study in a cohort of 23 patients
with IBAM, where cholelithiasis was not men-
tioned as a complication occurring in the natu-
ral history of this disorder.28

Bile acid composition in patients with IBAM
was characterised by a significant decrease of
cholic acid, without alteration in the dihydroxy
to trihydroxy bile acid ratio. Thus, enrichment
of the bile acid pool with dihydroxy bile acids
does not seem to be the cause of diarrhoea in
such patients. Theoretically, measurement of
dihydroxy bile acid concentration in the aque-
ous phase of faeces could provide more
information in this respect. As it is however
generally observed, not all patients with IBAM
pass liquid faeces unless IBAM is severe; their
stools are mostly soft, making the measurement
of bile acid concentration in the aqueous phase
of centrifugate poorly representative of the
actual concentration within the colon. Further-
more, faecal bile acid concentration can be
aVected by poorly controllable factors and
shows large intraindividual and day to day

variation, as observed by Setchell et al.29

Finally, the composition of biliary bile acids
more closely reflects the colonic exposure to
bile acids.30

The reduction in percentage cholic acid
observed in our patients has also been reported
in patients with bile acid malabsorption follow-
ing partial ileal bypass31: in these patients there
was also an increase in the hepatic synthesis of
both cholic and chenodeoxycholic acid to the
same extent. A preferential reduction in the
ileal absorption eYciency of cholic acid32 has
been hypothesised to explain these results: we
therefore suggest that the primary pathogenic
mechanism of IBAM is a selective defect in bile
acid absorption of the ileum. Definite demon-
stration of such a mechanism is however not
available. However, recently Oelkers et al have
described a family with congenital idiopathic
bile acid malabsorption, where mutation in the
ileal sodium dependent bile acid transporter
gene has been identified.11 Whether our adult
patients represent a more common subset of
individuals with partial abnormalities in this
gene, is not known, but this may be an
attractive working hypothesis.

The mean percentage deoxycholic acid
showed no diVerences between our patients
and controls. Howewer, three patients had only
traces of deoxycholic acid in their duodenal
bile. A wide variability in percentage biliary
deoxycholic acid but with an overall reduction
by comparison with controls has been reported
in the ileal resection patients of Lapidus and
Einarsson’s study,25 whereas Kern et al have
reported deoxycholic acid concentrations rang-
ing from a complete absence up to an increased
percentage in their ileal resection patients.33

Biliary concentrations of deoxycholic acid were
found not to correlate with the length of ileal
resection.34 Accordingly, no correlation existed
in our patients with IBAM between 75SeHCAT
half life and percent deoxycholic acid. This is in
line with the hypothesis that deoxycholic acid
concentrations are not dependent on the sever-
ity of faecal bile acid loss.33 A role of abnormal
intestinal bacteria has been suggested to
explain these findings.25 33 There is growing
evidence that enzymes produced by the colonic
bacteria and the degree of slowing of colonic
transit time are of paramount importance in
determining the level of production of deoxy-
cholic acid,35 36 which seems to be strongly
associated with cholesterol supersaturation of
bile, and therefore formation of cholesterol gall
stones.37 The absence of an enrichment of the
bile acid pool with deoxycholic acid further
supports the hypothesis that patients with
IBAM are not at increased risk of forming
cholesterol gall stones.

In conclusion, we have shown that patients
with IBAM are not at increased risk of forming
cholesterol gall stones despite evidence of
increased bile acid loss from their entero-
hepatic circulation. The mechanism of the
resulting diarrhoea does not seem to depend on
an enrichment of the bile acid pool with
deoxycholic acid or other dihydroxy bile acids
that might stimulate water secretion from the
colonic mucosa.
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