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Abstract
Background—No data exist on cholesterol
absorption in patients with an ileoanal
anastomosis (IAA).
Aims—To study cholesterol absorption
and its eVects on cholesterol and bile acid
metabolism in patients with an IAA.
Patients and methods—Cholesterol ab-
sorption, and serum, biliary, and faecal
lipids were studied in 24 patients with an
IAA and 20 controls.
Results—Fractional cholesterol absorp-
tion was significantly lower in the patients
(36% versus 47% in controls). Surpris-
ingly, the calculated intestinal influx of
endogenous cholesterol was reduced so
that the absolute absorption of cholesterol
was decreased; elimination of cholesterol
as faecal neutral steroids remained nor-
mal. Thus, the slightly increased
cholesterol synthesis was mainly due to
increased faecal bile acid excretion,
which, in turn, was associated with re-
duced absorption and biliary secretion of
bile acids. Serum total and low density
lipoprotein (LDL) cholesterol and LDL
triglycerides were lower in the patients.
Molar percentage and saturation index of
biliary cholesterol were slightly higher in
patients with an IAA. Proportions of
secondary bile acids in bile and faeces
were diminished, and faecal unidentified
bile acids were higher in patients.
Conclusions—Cholesterol absorption is
significantly impaired in patients with an
IAA, and is closely related to changes in
serum and biliary lipids observed in these
patients.
(Gut 1997; 41: 771–777)
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Since the invention of the ileoanal pouch
anastomosis in 1978 by Parks and Nicholls,1

its use with various modifications in patients
with ulcerative colitis has markedly increased.
Earlier studies showed that proctocolectomy
with conventional ileostomy does not aVect
bile acid metabolism,2 3 whereas the ileoanal
anastomosis may disturb absorption of bile
acids or vitamin B12,

4–6 both of which are
absorbed in the ileum. Bile acid malabsorption
has actually been suggested as being responsi-
ble for the lithogenic bile in these patients in
some studies7 8 but not in all.9 Interestingly,
steatorrhoea may also occur in some patients
with ileoanal anastomosis.4 Thus, one can

infer that cholesterol absorption, dependent
on micellar solubilisation with bile acids and
fatty acids,10 11 may also be disturbed and
markedly influence serum and biliary lipids in
patients with an ileoanal anastomosis. How-
ever, to our best knowledge, no data are yet
available on cholesterol absorption and syn-
thesis in this condition. Therefore, in the
present study we explored absorption, elimi-
nation, and synthesis of cholesterol, biliary
lipids, faecal bile acids, and serum lipoproteins
in 24 patients with ileoanal anastomosis and in
20 control subjects.

Methods
SUBJECTS

The series consisted of 24 patients with
ulcerative colitis who had undergone an
ileoanal anastomosis with a double limb J
shaped pouch. In construction of the pouch,
any resection of the terminal ileum was
avoided, and it was 1–3 cm at most. Liver
function tests (serum albumin, alanine ami-
notransferase, alkaline phosphatase) were nor-
mal in all patients, and none was using consti-
pating drugs. Six had a history of pouchitis,
but each had been without symptoms of pou-
chitis and oV antibiotics for at least three
months.
The control subjects comprised 20 men

selected from a random 50 year old male
population of Helsinki on the basis that their
body mass index (BMI, kg/m2) range fell within
that of the patients with ileoanal anastomosis
(mean (2SD)). However, because mean body
weight was slightly higher in the controls,
where appropriate, the data are expressed per
kg of body weight.
All subjects were informed of the nature and

purpose of the studies, and the study protocol
was approved by the Ethics Committee of the
hospital.

PROCEDURES

All patients were hospitalised and placed on a
standardised solid food diet of 300 mg of
cholesterol and 100 g of fat per day. Daily
energy content was adjusted to maintain
constant body weight. For determination of
cholesterol absorption,12 faecal fat, and faecal
steroids, each patient received a capsule
containing 14C-cholesterol (0.15 µCi/day) and
3H-â-sitosterol (0.80 µCi/day) three times a day
with the main meals for seven days. At the end
of this period, a three day stool collection was
performed. Then, after overnight fasting, a
blood sample was taken and the patients
received intravenously a bolus (1 IDU of body
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weight up to 100 IDU) of cholecystokinin
(Cholecystokinin, Ferring Pharmaceuticals,
Malmö, Sweden) to make the gall bladder con-
tract, in order to allow aspiration of a duodenal
bile sample through a gastroscope. The bile
samples were placed in a water bath at 70°C for
five minutes to destroy lipase activity and then
stored at –20°C until analysed. The total intesti-
nal transit time was measured by determination
of time between ingestion of carmine red (1 g in
200 ml of water) and first appearance of the dye
in the faeces. Small bowel transit time was
measured with the lactulose hydrogen breath
test, carried out by administration of 20 g of lac-
tulose, and thereafter by collection of breath
samples at 10–15 minute intervals up to 120
minutes. Appearance of peak concentration of
breath hydrogen (a rise 50% above the baseline
value) was regarded as small bowel transit
time.13 Absorption of vitamin B12 with intrinsic
factor was measured according to Bayly et al.14

The control subjects were studied at our
outpatient clinic. All subjects were asked to
continue their customary home diet and to
keep a dietary record for seven days, with mean
daily intake of cholesterol and fat being
computed from these records.15 16 Daily analy-
sis of the control data disclosed that intake of
cholesterol and fat (4.9 (0.4) mg/kg/day and
1.3 (0.1) g/kg/day, respectively) very closely
corresponded to intake in the patients (4.6
(0.2) mg/kg/day and 1.5 (0.1) g/kg/day, respec-
tively). During the seven day period,
cholesterol absorption, faecal steroids, faecal
fat, blood, and bile sampling were carried out
as described above.

MEASUREMENTS

Serum total cholesterol and triglycerides, and
their content of very low density lipoprotein

(VLDL), low density lipoprotein (LDL), and
high density lipoprotein (HDL) were quanti-
fied according to the Lipid Research Clinic’s
manual.17 Biliary and faecal sterols of
cholesterol origin were determined by gas
liquid chromatography18 19 on a 50 m SE-30
capillary column,19 and biliary phospholipids
were determined as described by Bartlett.20

Faecal fat was determined acccording to van de
Kamer et al21 and chromic oxide by the method
of Bolin et al.22 Faecal radioactivities were
determined with a liquid scintillation counter
with 0.5% 2,5-diphenyloxazole in toluene
(Wallac Rackbeta Scintillation; Model 1215).
Because equal recoveries for 3H-â-sitosterol
and chromic oxide in faecal samples disclosed
no marked degradation of the sterol nucleus,
faecal data were calculated in relation to chro-
mic oxide (Cr2O3).

CALCULATIONS

The percentage absorption of cholesterol was
calculated from the 14C:3H ratios in the
capsules administered and in the faecal
samples collected.12 The intestinal cholesterol
influx, consisting of dietary, biliary, and
mucosal cholesterol, was determined by an
indirect method23 assuming that exogenous
and endogenous cholesterol were similarly
absorbed.24 The average intestinal influx of
cholesterol was calculated from the absorption
percentage of cholesterol and faecal neutral
steroids, and biliary cholesterol secretion was
calculated by subtraction of cholesterol intake
from intestinal cholesterol influx. The biliary
secretion rates for cholesterol and bile acids
obtained with this indirect calculation have
been similar to those measured by the intesti-
nal perfusion technique.24 Biliary bile acid

TABLE 1 Clinical data and absorption, elimination, and synthesis of cholesterol in 24 patients with an ileoanal anastomosis and 20 control subjects

Case no Age (y)
Sex
(F/M)

Body
weight (kg)

BMI
(kg/m2)

Postoperative
period
(months)

Intestinal
transit
time (h)

Absorption
of vitamin
B12 (% of
dose/24 h)

Faecal fat
(g/day)

Cholesterol
absorption
(%)

Faecal steroids (mg/day)
Cholesterol
synthesis
(mg/day)Bile acids

Neutral
steroids

1 27 F 55 19.0 6 6.3 16.9 1.9 48.6 342 352 394
2 35 F 55 19.5 13 2.8 16.5 3.0 21.8 356 601 657
3 36 F 61 24.4 14 4.2 17.5 2.7 36.3 375 346 421
4 48 F 86 34.9 4 4.0 22.4 2.0 30.8 471 538 709
5 30 F 69 26.3 5 2.8 17.9 6.5 51.6 1525 561 1786
6 42 F 66 26.4 25 1.8 16.5 6.9 44.7 1357 778 1835
7 37 F 64 22.4 5 3.7 11.7 2.8 34.2 473 581 754
8 38 M 71 21.4 6 7.3 25.5 2.9 40.7 422 420 542
9 38 F 50 19.1 41 7.6 20.7 3.0 47.5 463 381 544
10 40 M 106 28.5 59 8.7 13.2 3.4 21.7 415 804 919
11 29 F 54 20.3 4 4.2 15.2 3.0 33.5 381 846 927
12 46 F 56 20.1 6 6.7 29.3 3.3 30.7 273 463 436
13 26 M 69 23.9 6 3.4 20.1 2.9 48.5 1048 400 1178
14 41 F 84 32.8 9 2.7 29.7 2.5 41.6 378 472 550
15 43 M 64 20.9 10 8.4 10.5 8.7 20.1 807 565 1072
16 40 F 66 23.9 4 4.8 27.8 2.3 29.2 932 355 987
17 29 F 63 21.3 6 5.5 23.0 2.2 38.2 429 520 649
18 56 M 70 25.1 12 4.0 18.7 5.1 291 1030 739 1469
Mean (SEM)
for cases
1–18 38 (2)*** 13/5 67.2 (3.2)* 23.9 (1.1) 13.1 (3.5) 4.9 (0.5) 19.6 (1.4) 3.6 (0.4) 36.0 (2.3)** 575 (87) 537 (38)

878
(104)

19 40 M 54 19.1 31 7.4 ND 5.5 43.3 436 674 810
20 50 M 80 27.0 51 24.8 23.8 3.9 24.7 778 563 1041
21 38 M 55 19.0 34 7.3 24.1 2.6 36.7 625 469 794
22 54 M 101 31.9 24 5.3 19.7 2.7 42.1 815 374 889
23 37 M 66 19.7 8 6.2 18.9 3.7 33.9 1039 620 1359
24 24 M 67 19.8 36 4.5 ND 4.9 35.0 1274 593 1567
Mean for cases
19–24 41 (4)* 0/6 70.5 (7.2) 22.8 (2.2) 30.7 (5.8)† 9.2 (3.1) 21.6 (1.4) 3.9 (0.5) 36.0 (2.7)** 828 (121)** 548 (45)

1077
(130)

Controls (n=20) 50 (1) 0/20 75.5 (1.8) 24.3 (0.5) ND ND > 12 4.6 (0.5) 47.0 (1.6)‡ 437 (34) 749 (71) 827 (110)

Patients 1–18 had no history of pouchitis; patients 19–24 had a history of pouchitis.
*p < 0.05, **p < 0.01, ***p < 0.001, †p < 0.01 from non-pouchitis group; ‡n = 15; ND, not done.
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secretion was calculated by multiplying bile
acids (mg/100 mg of cholesterol) by biliary
cholesterol secretion (mg/day). The lithogenic
index of bile was calculated according to the
equations of Thomas and HoVman.25 Absorp-
tion of dietary, biliary, and total cholesterol was
calculated by multiplying respective intestinal
influxes of cholesterol by fractional absorption
of cholesterol. Cholesterol synthesis was calcu-
lated as the diVerence between the sum of fae-
cal neutral steroids plus faecal bile acids, and
cholesterol intake.
Statistical analysis was carried out with Stu-

dent’s t test, and correlations were calculated
with a VAX-8600 using BMDP software.26

Results
CLINICAL DATA

The time since surgery was significantly
shorter in the patients with no pouchitis history
than in those with previous pouchitis (13.1
versus 30.7 months, table 1). Total gut transit
time, as measured by carmine red, was similar
between the two patient groups. Absorption of
vitamin B12 was normal in all patients except
one patient in the non-pouchitis group. Faecal
fat was increased (>7.0 g/day) in one patient in
the non-pouchitis group, but the mean values
of faecal fat in both patient groups and in the
control group were similar.

SERUM LIPIDS AND LIPOPROTEINS

Serum levels of total and LDL cholesterol were
significantly lower in both patient groups,
whereas those of VLDL and HDL cholesterol
were similar to those of controls (table 2).
Serum levels of total and LDL triglycerides
were also noticeably reduced in the patients, as
was that of HDL triglycerides in the pouchitis
group.

CHOLESTEROL AND BILE ACID METABOLISM

The percentage absorption of cholesterol was
significantly lower in both patient groups com-
pared with control values (36% versus 47%)
(table 1). The elimination of cholesterol as fae-
cal neutral steroids, however, was not higher in
patients, owing to the unexpected finding that
the intestinal influx of endogenous cholesterol
(biliary cholesterol secretion) and thus also the
total intestinal influx of cholesterol were
significantly lower (28% and 36% lower,
respectively) in the patients than in the
controls. Thus, whereas absolute absorption of
dietary cholesterol only tended to be reduced,
the intestinal absorption of endogenous
cholesterol and that of total cholesterol were
significantly lower in patients than in controls.
Synthesis of cholesterol was only slightly higher
in the patients, and was mainly due to their
increased faecal bile acid excretion (table 3).
Furthermore, calculations disclosed that the
increased faecal bile acid loss in the patients
was mainly attributable to their significantly
lower reabsorption of bile acids, which prob-
ably resulted in reduced biliary bile acid
output, particularly in the non-pouchitis
group. The percentage absorption of
cholesterol was not significantly associated
with total intestinal transit time (measured by
mouth to faeces carmine transit), but showed a
negative correlation (fig 1; r=−0.777; p<0.01)
with the small intestinal transit time (measured
by the breath hydrogen test).

BILIARY LIPIDS AND BILE ACIDS

The molar percentage of cholesterol in the bile
was higher in the non-pouchitis group than in
the controls, but otherwise neither their molar
percentages of biliary lipids nor their lithogenic
index diVered (table 4). On the other hand, the
percentage distribution of diVerent biliary bile

TABLE 2 Serum lipids and lipoproteins in patients with an ileal pouch and control subjects

Parameter Controls (n=20)
Patients without pouchitis
history (n=18)

Patients with pouchitis
history (n=6)

Serum cholesterol
VLDL 0.45 (0.10) 0.29 (0.04) 0.29 (0.05)
LDL 4.40 (0.18) 2.06 (0.16)*** 2.09 (0.12)***
HDL 1.37 (0.07) 1.50 (0.09) 1.17 (0.15)
Total 6.30 (0.18) 4.31 (0.23)*** 3.85 (0.21)***

Serum triglycerides
VLDL 0.69 (0.15) 0.56 (0.08) 0.54 (0.10)
LDL 0.50 (0.04) 0.20 (0.02)*** 0.21 (0.02)***
HDL 0.19 (0.01) 0.18 (0.01) 0.15 (0.01)*
Total 1.58 (0.22) 1.08 (0.09)* 1.03 (0.14)*

Results expressed in mmol/l (mean (SEM)).
*p < 0.05, ***p < 0.001 versus control values.

TABLE 3 Cholesterol and bile acid metabolism in control subjects and patients with an
ileoanal anastomosis

Parameter
Controls
(n=15)

Patients without
pouchitis history
(n=18)

Patients with
pouchitis
history (n=6)

Cholesterol (mg/kg/day)
Absorption (%) 47.0 (1.6) 36.0 (2.3)** 36.0 (2.7)**
Faecal elimination as neutral steroids
Dietary 2.6 (0.2) 2.9 (0.1) 2.8 (0.2)
Endogenous 6.9 (1.0) 5.3 (0.6) 5.5 (1.0)
Total 9.8 (0.8) 8.2 (0.6) 8.3 (1.2)

Intestinal influx
Dietary 4.8 (0.4) 4.6 (0.2) 4.5 (0.4)
Endogenous 13.0 (1.8) 8.2 (0.8)* 8.7 (1.8)
Total 17.9 (1.7) 12.8 (0.9)* 13.2 (2.2)

Absorption
Dietary 2.3 (0.3) 1.7 (0.1) 1.6 (0.2)
Endogenous 6.1 (0.9) 3.1 (0.4)** 3.2 (0.9)*
Total 8.5 (0.9) 4.6 (0.5)*** 4.8 (1.0)*

Synthesis 10.3 (1.2) 12.2 (1.4) 15.9 (2.2)*
Bile acids (mg/kg/day)
Faecal elimination 5.7 (0.4) 9.6 (1.3)** 12.0 (1.8)**
Biliary output 121.4 (16.3) 58.0 (8.4)** 81.5 (29.8)
Reabsorption (%) 94.1 (0.9) 81.6 (2.7)*** 77.4 (4.8)**

Results expressed as mean (SEM).
*p < 0.05, **p < 0.01, ***p < 0.001 versus control values.

Figure 1: Correlation between absorption percentage of
cholesterol and small intestinal transit time (measured with
hydrogen breath test) in ileal pouch patients.
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acids was noticeably changed in the patients,
showing their markedly lower levels of second-
ary bile acids—especially of deoxycholic acid
and lithocholic acid, but less so of ursodeoxy-
cholic acid.

COMPOSITION OF FAECAL BILE ACIDS

Faecal bile acid composition was significally
changed in the patients in comparison with
that of the control group (table 5). Faecal
cholic acid and chenodeoxycholic acid excre-
tion was significantly higher, because in the

two patient groups their conversion to identifi-
able secondary bile acids was significantly
lower. In patients compared with controls per-
centages of unidentified faecal bile acids were
significantly higher, whereas those of bile acids
identified to be of cholic acid or chenodeoxy-
cholic origin were reduced (fig 2). However,
the mean ratio of faecal bile acids identified to
be of cholic acid origin to those of chenode-
oxycholic acid origin was similar (1.4 for all
three groups).

Discussion
The main findings in the present study were, in
the patients with an ileal pouch compared with
the controls, reduced serum total and LDL
cholesterol, and LDL triglyceride levels, mark-
edly lower absorption of cholesterol, and
slightly higher bile acid synthesis and
cholesterol saturation of the bile.

SERUM LIPIDS AND LIPOPROTEINS

Data on serum lipoprotein levels in ileal pouch
patients are practically non-existent. Thus, the
low serum levels of total and LDL cholesterol,
and LDL triglycerides are novel observations
in patients with an ileoanal anastomosis. The
lipid levels were not correlated with the
fractional or absolute absorption of cholesterol
nor with the faecal elimination of cholesterol
as bile acids or neutral steroids. In bile acid
malabsorption, the lowering of LDL
cholesterol is due to the increased expression
of hepatic LDL apoB receptors, yet cholesterol
synthesis is increased.27–29 Interruption of the
enterohepatic circulation of bile acids is also
associated with increased secretion of triglyc-
eride rich VLDL particles from the liver30 31

and a tendency to elevated serum levels of
total and VLDL triglycerides.32 In our patients
the serum VLDL levels were not significantly
reduced, but their triglyceride:cholesterol ra-
tios were higher. It is thus tempting to specu-
late that simultaneous cholesterol malabsorp-
tion and an insuYcient increase in cholesterol
synthesis may have reduced hepatic
cholesterol content in the patients so that bil-
iary cholesterol secretion fell, and less
cholesterol remained for VLDL production,
resulting in cholesterol poor VLDL formation
and lowered serum VLDL and especially LDL
levels. This suggestion is also supported by the
positive correlation between the serum LDL
cholesterol level and cholesterol synthesis
(r=0.425; p<0.05) in the patients, although
rapid catabolism of VLDL particles by the
activated hepatic B/E receptors cannot be
excluded. In cholesterol malabsorption—at
least in hamsters—decreased VLDL secretion
and increased hepatic uptake of the VLDL
remnants result in LDL lowering by a
decreased conversion of VLDL to LDL, with-
out actual activation of the hepatic LDL
receptors.33 In neomycin or sitostanol induced
cholesterol malabsorption, a fall in serum
LDL cholesterol is associated with a reduction
in LDL production, whereas the catabolism of
LDL is unaVected.4 34 35

TABLE 4 Biliary lipids, lithogenic index, and bile acid composition and secretion in control
subjects and patients with an ileoanal anastomosis

Parameter
Controls
(n=15)

Patients without
pouchitis history
(n=16)

Patients with
pouchitis history
(n=6)

Biliary lipids (molar %)
Cholesterol 8.3 (0.7) 11.3 (1.0)** 9.2 (1.1)
Bile acids 70.7 (1.2) 69.8 (2.2) 70.0 (2.2)
Phospholipids 21.0 (0.9) 18.9 (1.4) 20.5 (1.0)

Lithogenic index 0.83 (0.07) 1.16 (0.09) 0.92 (0.10)
Biliary bile acids (% distribution)
Cholic acid 47.1 (2.5) 56.5 (1.9)** 60.7 (3.3)**
Deoxycholic acid 11.9 (1.8) 0.9 (0.6)*** 0.03 (0.01)***
Chenodeoxycholic acid 37.3 (1.6) 40.9 (1.4) 38.6 (3.2)
Lithocholic acid 1.7 (0.4) 0.22 (0.03)*** 0.12 (0.03)***
Ursodeoxycholic acid 1.9 (0.5) 1.4 (0.4) 0.5 (0.3)*

Results expressed as mean (SEM).
*p < 0.05, **p < 0.01, ***p < 0.001 versus control values.

TABLE 5 Faecal bile acid composition in control subjects and patients with an ileoanal
anastomosis

Parameter
Controls
(n=19)

Patients without
pouchitis history
(n=18)

Patients with
pouchitis history
(n=6)

Cholic acid origin 2.55 (0.21) 3.88 (0.81) 4.53 (1.08)
Cholic acid 0.20 (0.05) 3.45 (0.80)*** 4.27 91.04)***
Deoxycholic acid 1.95 (0.16) 0.34 (0.11)*** 0.15 (0.06)***
Epideoxycholic acid 0.39 (0.06) 0.09 (0.02)*** 0.12 (0.03)***

Chenodeoxycholic acid origin 1.79 (0.17) 2.74 (0.44) 3.05 (0.58)
Chenodeoxycholic acid 0.17 (0.04) 2.15 (0.43)*** 2.51 (0.58)***
Lithocholic acid 0.96 (0.11) 0.14 (0.04)*** 0.16 (0.03)***
Isolithocholic acid 0.55 (0.10) 0.15 (0.03)*** 0.33 (0.06)†
Ursodeoxycholic acid 0.11 (0.04) 0.32 (0.06)** 0.09 (0.04)†

Unidentified bile acids 1.34 (0.12) 2.74 (0.26)*** 4.26 (0.71)***†

Results expressed in mg/kg/day (mean (SEM)).
*p < 0.05, **p < 0.01, ***p < 0.001 versus control values; †p < 0.05 versus patients without
pouchitis.

Figure 2: Percentage distribution of faecal bile acids
identified to be of cholic acid or chenodeoxycholic acid
origin and faecal unidentified bile acids in controls and
patients with an ileal pouch.
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CHOLESTEROL ABSORPTION

Cholesterol absorption, which occurs in the
upper part of the small intestine11 and requires
micellar solubilisation with bile acids,10 was
subnormal in our patients. The lower biliary
bile acid output possibly reduced micellar
solubilisation of cholesterol, resulting in im-
paired cholesterol absorption, even though the
latter was not significantly correlated with the
biliary secretion or the synthesis of bile acids.
In patients with an ileal resection or bypass,
bile acid malabsorption is markedly more
severe, with no cholesterol malabsorption.28

The positive correlation between faecal bile
acids and fat (r=0.563; p<0.01) might be due
to poor micellar formation, but the fact that
there was no association of fractional
cholesterol absorption with faecal bile acids or
fat might be due to absorption of cholesterol
only in the upper part of the small intestine,
whereas that of fatty acids and unconjugated
bile acids takes place more distally. Bacterial
deconjugation of bile acids and subsequently
disturbed micellar formation and cholesterol
absorption cannot be excluded. In fact, in up to
two thirds of patients with an ileoanal anasto-
mosis, upper intestine bacterial overgrowth,
deconjugation of intestinal bile acids, and
increased postprandial serum levels of uncon-
jugated bile acids do occur.13 36–38 In addition,
the number of anaerobic bacteria, responsible
mainly for the deconjugation of bile acids, is
positively related to the small intestinal transit
time of these patients.39 Thus, our finding that
rapid small intestinal transit is associated with
well preserved cholesterol absorption indicates
low bacterial growth in the proximal small
intestine, whereas the opposite is true for those
with prolonged transit, as shown by their
breath tests. Normally, absorption of
cholesterol shows an actual positive correlation
with small intestinal transit time.40

CHOLESTEROL ABSORPTION, SYNTHESIS, AND
BILIARY LIPIDS

Low cholesterol absorption is normally associ-
ated with high synthesis and increased biliary
and faecal output of cholesterol.41 In our series
of patients with an anastomosis low absorption
eYciency was not related to biliary cholesterol
secretion (r=0.247), to faecal neutral steroids
(r=−0.160), or to cholesterol synthesis
(r=0.123), suggesting that the synthesis of
cholesterol was not enhanced in relation to their
impaired cholesterol absorption. In fact, unex-
pected positive correlations of absorbed
cholesterol with cholesterol synthesis (r=0.521;
p<0.01), with biliary cholesterol secretion
(r=0.854; p<0.001), or with faecal neutral ster-
oids (r=0.574; p<0.01) suggest that factors
impairing cholesterol absorption limited the
compensatory increase of cholesterol synthesis.
Furthermore, dietary cholesterol was positively
correlated with biliary output of cholesterol
(r=0.405; p<0.05) and of bile acids (r=0.473;
p<0.05), even though the correlation with
cholesterol synthesis remained insignificant.
Increased saturation of bile with cholesterol has
previously been observed in patients with
ileoanal anastomoses and is suggested to be due

to enhanced faecal bile acid loss.7 8 In the present
study, the cholesterol saturation and the litho-
genic index of the bile tended to be higher and
the molar percentage of cholesterol (or litho-
genic index) was related to the biliary secretion
(r=−0.669; p<0.01), but not the synthesis of bile
acids. Thus, the lower the biliary bile acid
output, the higher the cholesterol saturation of
the bile. In addition, the correlations of the
biliary bile acid output with total cholesterol
absorption (r=0.477; p<0.05), with biliary
cholesterol secretion (r=0.561; p<0.05), and
with faecal neutral steroids (r=0.551; p<0.05)
suggest that in the ileal pouch patients, low
biliary bile acid output and thus high bile
cholesterol saturation are closely related to their
impaired absorption of cholesterol and related
less to bile acid malabsorption. The marked
reduction in the proportion of secondary bile
acids, those normally formed by colonic bacte-
ria, resulted in higher proportions of primary
bile acids, especially of cholic acid, findings
which have also been reported by others.8

FAECAL BILE ACIDS

Normally, most conjugated bile acids are reab-
sorbed in the terminal ileum,42 and some
unconjugated forms from the small intestine
and colon.43 44 Minor bile acid malabsorption in
patients with an ileal pouch has been related to
ileal dysfunction, caused in a majority of these
patients by reduced ileal surface and histologi-
cal inflammation of the pouch mucosa.6 45 46

Slightly but significantly higher faecal bile acid
excretion was attributable to reduced absorp-
tion from 94% in the controls to about 80% in
our patients. The proportion of faecal bile acids
of cholesterol synthesis in the patients (78%),
was higher than in the controls (55%), tending
to be even higher (74%) in the patients with an
ileal resection.29 The finding that faecal bile acid
values were not correlated with the absorption
values for vitamin B12, which is an indicator of
ileal function, is in agreement with studies in
patients after proctocolectomy and ileostomy2

and suggests a more proximal distribution of
the absorption area for vitamin B12 than for bile
acids.29 A quicker small intestinal transit time
for the patients with an ileal pouch6 47 might also
increase their faecal bile acid output.

FAECAL BILE ACID COMPOSITION

In the colon, bacterial enzymes convert bile
acids to secondary forms. In addition to the
predominant bile acids—deoxycholic acid and
lithocholic acid—faeces of healthy subjects also
contain several poorly defined bile acid
derivatives.47 48 In agreement with other
studies,4–6 the major secondary faecal bile
acids, deoxycholic acid and lithocholic acid,
were significantly reduced in our patients. In
fact, the proportion of cholic acid ranged from
3.5% of total control bile acids to 36% for the
patients with an anastomosis, with respective
figures for chenodeoxycholic acid of 3% and
22%. Identifiable faecal bile acids of cholic acid
and chenodeoxycholic acid origin were similar
between patient groups, suggesting that the
change in synthesis of the two primary bile
acids was similar among patients.
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In conclusion, the present data show that in
the patients with an ileal pouch, disturbed
metabolism of cholesterol is characterised by
slight bile acid malabsorption, markedly lower
fractional absorption of cholesterol, apparent
loss of feedback regulation between absorption
and synthesis of cholesterol, and lowered
serum total and LDL cholesterol and LDL
triglycerides. These findings diVer markedly
from the metabolic observations in patients
with colectomy and ileal stoma without ileal
resection, and suggest that the ileal pouch may
be a primary factor responsible for the diVer-
ences. In patients with an ileal pouch, ileal
dysfunction apparently causes slight bile acid
malabsorption. This alone, however, was hardly
reason enough for their less eYcient cholesterol
absorption, which more probably was related to
intestinal bacterial overgrowth. The latter as a
toxic factor, or cytokines released from low
grade inflammation of the pouch mucosa,49 and
the absence of colonic production of hepatic
nutrients50 51 could actually be factors in the only
modest compensatory rise in hepatic cholesterol
synthesis in relation to cholesterol and bile acid
malabsorption. This would also explain the
unusual positive correlation of cholesterol syn-
thesis with dietary cholesterol and serum LDL
cholesterol levels.

This research was supported by a grant from the Paulo Founda-
tion. The paper was presented in part at the II United European
Gastroenterology Week, Barcelona, 19–24 July 1993 and
published in abstract form (Programme Book, A-183). The
authors thank Eeva Gustafsson, Pia HoVström, Leena Kaipi-
ainen, and Jaana Niinivaara for expert technical and secretarial
assistance.

1 Parks AG, Nicholls RJ. Proctocolectomy without ileostomy
for ulcerative colitis. BMJ 1978;2:85–8.

2 Miettinen TA, Peltokallio P. Bile salt, fat, water and vitamin
B12 excretion after ileostomy. Scand J Gastroenterol 1971;6:
543–52.

3 Kay RM, Cohen Z, Siu KP, Petrunka CN, Strasberg SM.
Ileal excretion and bacterial modification of bile acids and
cholesterol in patients with continent ileostomy. Gut 1980;
21:128–32.

4 Hylander E, Rannem T, Hegnhøj J, Kirkegaard P, Thale M,
Jarnum S. Absorption studies after ileal J-pouch anastomo-
sis for ulcerative colitis. A prospective study. Scand J
Gastroenterol 1991;26:65–72.

5 Nasmyth DG, Johnston D, Williams NS, King RF, Burkin-
shaw I, Brooks K. Changes in the absorption of bile acids
after total colectomy in patients with an ileostomy or
pouch-anal anastomosis. Dis Colon Rectum 1989;32:230–4.

6 Lerch MM, Braun J, Harder M, Hofstädter F, Schumpelick
V,Matern S. Postoperative adaptation of the small intestine
after total colectomy and J-pouch-anal anastomosis. Dis
Colon Rectum 1989;32:600–8.

7 Itoh H, Nakahara S, Nakamura K, Ikeda S,Mibu R, Ohsato
K, et al. Bile composition after total proctocolectomy with
interposed jejunal segment as neorectum.Dis Colon Rectum
1989;32:711–5.

8 Villanova N, Mazzella G, Aldini R, Minutello A, Simoni P,
Parenti GC, et al. Bile acid metabolism after ileo-anal anas-
tomosis. Holland Digestive Disease Week. Amsterdam:
The Netherlands Society of Gastroenterology, 1989:PO69.

9 Phillips SF. Biological eVects of a reservoir at the end of the
small bowel. World J Surg 1987;11:763–8.

10 Siperstein MD, ChaikoV IL, Reinhardt WO. C14-
cholesterol. V. Obligatory function of bile in intestinal
absorption of cholesterol. J Biol Chem 1952;198:111–4.

11 Borgström B. Studies on intestinal cholesterol absorption in
the human. J Clin Invest 1960;39:809–15.

12 Crouse JR, Grundy SM. Evaluation of a continuous isotope
feeding method for measurement of cholesterol absorption
in man. J Lipid Res 1978;19:967–71.

13 Santavirta J. Lactulose hydrogen and [14C]xylose breath
tests in patients with ileoanal anastomosis. Int J Colorectal
Dis 1991;6:208–11.

14 Bayly RJ, Bell TK,Waters A. A dual isotope modification of
the Schilling test. In: Horst W, Pabst HQ, eds.Ergebnisse der
klinischen Nuklearmedizin. Stuttgart, New York: FK Schat-
taeur Verlag, 1971:911–5.

15 Burke BS. The dietary history as a tool in research. J Am
Diet Assoc 1947;23:1041–6.

16 Ahlström A, Räsänen L, Kuvaja K. A method of data
processing for food consumption surveys. Ann Acad Sci
Fenn-A 1972;194:1–8.

17 Lipid Research Clinics Program. Manual of laboratory
operations. Lipid and lipoprotein analysis. Bethesda, MD:
Department of Health, Education and Welfare, 1974:75–
628.

18 Grundy SM, Ahrens EH Jr, Miettinen TA. Quantitative iso-
lation and gas-liquid chromatographic analysis of total fae-
cal bile acids. J Lipid Res 1965;6:397–410.

19 Miettinen TA. Gas-liquid chromatographic determination
of faecal neutral sterols using a capillary column.Clin Chim
Acta 1982;124:245–8.

20 Bartlett GR. Phosphorus assay in column chromatography.
J Biol Chem 1959;234:466–8.

21 van de Kamer JH, Bokkel Huinink HT, Weyers HA. Rapid
method for the determination of fat in faeces. J Biol Chem
1949;177:347–55.

22 Bolin DW, King RP, Klosterman EW. A simplified method
for the determination of chromic oxide (Cr2O3) when used
as an index substance. Science 1952;116:634–5.

23 Miettinen TA. Hyperlipidemia, bile acid metabolism and
gallstones. Ital J Gastroenterol 1978;10(suppl 1):53–5.

24 Samuel P, McNamara DJ. DiVerential absorption of
exogenous and endogenous cholesterol in man. J Lipid Res
1983;24:265–76.

25 Thomas PJ, Hofmann AF. A simple calculation of the litho-
genic index of bile: expressing biliary lipid composition on
rectangular coordinates. Gastroenterology 1973;65:698–
700.

26 Brown MS, Goldstein JL. A receptor-mediated pathway for
cholesterol homeostasis. Science 1986;232:34–47.

27 Koivisto P,Miettinen TA. Adaptation of cholesterol and bile
acid metabolism and vitamin B12 absorption in the
long-term follow-up after partial ileal bypass.Gastroenterol-
ogy 1986;90:984–90.

28 Miettinen TA. Relationship between faecal bile acids,
absorption of fat and vitamin B12, and serum lipids in
patients with ileal resections. Eur J Clin Invest 1971;1:452–
60.

29 Angelin B, Einarsson K, Hellström K, Leijd B. Bile acid
kinetics in relation to endogenous triglyceride metabolism
in various types of hyperlipoproteinemia. J Lipid Res 1978;
19:1004–16.

30 Beil U, Crouse JR, Einarsson K, Grundy SM. EVects of
interruption of the enterohepatic circulation of bile acids
on the transport of very low density-lipoprotein triglycer-
ides. Metabolism 1982;31:438–44.

31 Färkkilä MA, Tilvis RS, Miettinen TA. Cholesterol absorp-
tion regulates cholesterol metabolism and plasma lipopro-
tein levels in patients with gut exclusions. Gastroenterology
1988;94:582–9.

32 Himber J, Missano B, Rudling M, Hennes U, Kempen HJ.
EVects of stigmastanyl-phosphocholine (Ro 16–6532) and
lovastatin on lipid and lipoprotein levels and lipoprotein
metabolism in the hamster on diVerent diets. J Lipid Res
1995;36:1567–85.

33 Kesäniemi YA, Grundy SM. Turnover of low density
lipoproteins during inhibition of cholesterol absorption by
neomycin. Arteriosclerosis 1984;4:41–8.

34 Vuoristo M, Kesäniemi YA,Miettinen TA. EVect of neomy-
cin on combined VLDL and LDL turnover, cholesterol
metabolism and plant sterols in patients with familial
hypercholesterolemia (FH). 8th International Symposium on
Atherosclerosis. Poster Sessions and Abstract Book. Rome: CIC
Edizioni Internationali, 1988:1006.

35 Gylling H,Miettinen TA. Serum cholesterol and cholesterol
and lipoprotein metabolism in hypercholesterolaemic
NIDDM patients before and during sitostanol ester-
margarine treatment. Diabetologia 1994;37:773–80.

36 Salemans JM, Nagengast FM, Tangerman A, Van Schaik A,
de Haan AF, Jansen JB. Postprandial conjugated and
unconjugated serum bile acid levels after protocolectomy
with ileal pouch-anal anastomosis. Scand J Gastroenterol
1993;28:786–90.

37 O’Connel PR, Rankin DR, Wiland LH, Kelly KA. Enteric
bacteriology, absorption, morphology and emptying after
ileal pouch-anal anastomosis. Br J Surg 1986;73:909–14.

38 Imajo M. Study of the small bowel transit time and
physiochemical characteristics of the ileal excreta in
abdominal and anal ileostomy (in Japanese with English
abstract). J Jpn Surg Soc 1981;25:549–65.

39 Ponz de Leon M, Iori R, Barbolini G, Pompei G, Zaniol P,
Carulli N. Influence of small-bowel transit time of dietary
cholesterol absorption in human beings. N Engl J Med
1982;307:102–3.

40 Miettinen TA, Kesäniemi YA. Cholesterol absorption: regu-
lation of cholesterol synthesis and elimination and
within-population variations of serum cholesterol levels.
Am J Clin Nutr 1989;49:629–35.

41 Borgström B, Lundh G, Hofmann A. The site of absorption
of conjugated bile salts in man. Gastroenterology 1963;45:
229–38.

42 Samuel P, Saypol GM, Meilman E, Mosbach EH, Chafiza-
deh M. Absorption of bile acids from the large bowel in
man. J Clin Invest 1968;47:2070–8.

43 Mekhjian HS, Phillips SF, Hofmann AF. Colonic absorp-
tion of unconjugated bile acids. Dig Dis Sci 1979;24:545–
50.

44 Pedersen BH, Simonsen L, Hansen LK, Giese B, Justesen
T, Tougaard L, Binder V. Bile acid malabsorption in
patients with an ileum reservoir with a long eVerent leg to
an anal anastomosis. Scand J Gastroenterol 1985;20:995–
1000.

776 Hakala, Vuoristo, Luukkonen, Järvinen, Miettinen

http://gut.bmj.com


45 Moskowitz R, Shepherd N, Nicholls R. An assessment of
inflammation in the reservoir after restorative proctolec-
tomy with ileoanal ileal reservoir. Int J Colorect Dis 1986;1:
167–74.

46 Kmiot WA, O’Brien JD, Awad R, Keighley MR. Estimation
of small bowel transit time following colectomy and ileal
reservoir construction. Br J Surg 1992;79:697–700.

47 Carey MC. The enterohepatic circulation. In: Arias I, Pop-
per H, Schachter D, Shafritz, DA, eds. The liver: biology and
pathobiology. New York: Raven Press, 1982:429–65.

48 Macdonald IA, Bokkenheuser VD, Winter J, McLernon
AM, Mosbach EH. Degradation of steroids in the human
gut. J Lipid Res 1983;24:675–700.

49 Ettinger WH, Varma VK, Sorci-Thomas M, Parks JS,
Sigmon RC, Smith TK, Verdery RB. Cytokines decrease
apolipoprotein accumulation in medium from hep G2
cells. Arterioscler Thromb 1994;14:8–13.

50 Clausen MR, Tvede M, Mortensen PB. Short-chain fatty
acids in pouch contents from patients with and without
pouchitis after ileal pouch-anal anastomosis. Gastroenterol-
ogy 1992;103:1144–53.

51 Stark AH,Madar Z. In vitro production of short-chain fatty
acids by bacterial fermentation of dietary fiber compared
with eVects of those fibers on hepatic sterol synthesis in
rats. J Nutr 1993;123:2166–73.

Impaired cholesterol and bile acid absorption in patients with an ileoanal anastomosis 777

http://gut.bmj.com

