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Fat-reduced diet in the treatment of hyperoxaluria
in patients with ileopathy
HENRIK ANDERSSON AND RUDOLF JAGENBURG

From the Department of Clinical Nutrition and Clinical Chemistry, University of Gdteborg, Gdteborg,
Sweden

SUMMARY Thirteen patients with ileopathy were studied under metabolic ward conditions, first
on a 100-g fat diet and later on a 40-g fat diet. Ten of the patients were studied after three to 27
months on a fat-reduced diet. Ten of the patients had a high urinary oxalate excretion on the high-fat
diet compared with a control group. The patients with a faecal fat output of more than 15 g a day
showed a reduction in oxalate excretion when the fat intake was decreased and in the follow-up
study the oxalate excretion was low in all patients except in one with a remaining steatorrhoea.
There was a correlation between urinary oxalate excretion and faecal output of fatty acids. It is
postulated that a low intraluminal calcium ion concentration, mainly caused by the high fatty acid
content, explains the hyperoxaluria. The low fat diet, which also reduced the diarrhoea and increased
the urinary output, was acceptable to the patients. The diet is recommended for patients with
ileopathy in order to reduce the risk of formation of renal calculi.

Hyperoxaluria and nephrolithiasis may occur in
patients with ileopathy (Smith, Hofmann, McCall,
and Thomas, 1970; Dowling, Rose, and Sutor, 1971;
Admirand, Earnest, and Williams, 1971). Abnor-
malities in the bile salt metabolism (Hofmann,
Thomas, Smith, and McCall, 1970; Smith, Fromm,
and Hofmann, 1972), a preferential conversion of
glyoxylate to oxalate in the liver (Admirand et al,
1971), and an increased absorption of dietary
oxalate (Chadwick, Modha, and Dowling, 1973;
Stauffer, Humphreys, and Weir, 1973) have been
proposed to explain this secondary form of hyper-
oxaluria. These theories have resulted in different
therapeutic applications. A decrease in urinary
oxalate after oral taurine has been found in some
studies (Dowling et al, 1971; Admirand et al, 1971)
but questioned in others (Smith etal, 1972; Chadwick
et al, 1973). Cholestyramine has also been shown to
reduce the oxalate excretion to normal (Smith et al,
1972; Stauffer et al, 1973). Finally, a low oxalate
diet has been proposed by Chadwick et al (1973).

Andersson, Isaksson, and Sjogren (1974) have
shown that reduction of the fat intake in patients
with ileopathy results in a decrease in the diarrhoea,
steatorrhoea, and faecal loss of water and electro-
lytes. Urinary samples from the patients studied by
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these authors under metabolic ward conditions were
available and have been used for quantitative deter-
mination of oxalate excretion. In the present investi-
gation the effect of the reduced fat diet on the urinary
oxalate excretion in these patients will be reported.
A hypothesis for the beneficial effect of the fat-
reduced diet will also be presented.

Material

The material consists of urine from 13 patients
(six women and seven men), mean age 38 years, with
ileopathy described earlier in detail (Andersson et
a!, 1974) (table I). All patients complained of
watery bowel evacuations. In patient M 210 distal
ileum had been removed at an operation for ileus
caused by irradiation damage to the gut. One patient,
M 170, had had a resection of the ileum after an
accident. The remaining 11 patients had Crohn's
disease with ileal involvement, and in nine of them
ileal resection had been performed. Two patients,
M 158 and M 210, had previously had renal calculi.
The patients had been studied under metabolic

ward conditions (Isaksson and Sjogren, 1967). This
initial study consisted of eight to 16 days with a
daily intake of 100 g fat, followed by 12 to 24 days
with a daily intake of 40 g fat. The diets were
individually composed.
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Patient Sex Age Diagnosis Duration Length of Small Aaastomosis Faecal Fat
of Bowel Resection on 100-g
Symptoms Fat Diet
(yr) Jejunum Ileum (g/24 hr)

(cm) (cm)

M 210 F 63 Ileus 13 55 Ileum-caccum 55
M 170 M 52 Trauma 6 135 Ileum-caecum 42
M 209 F 33 Crohn's disease 18 125 Ileum-ascending colon 37
M 191 M 33 Crohn's disease 7 140 Ileostomy 29
M 203 F 61 Crohn's disease 16 100 Ileum-transverse colon 28
M 216 M 34 Crohn's disease 10 40 150 Ileum-transverse colon 22
M 195 M 19 Crohn's disease 2 19
M 158 M 61 Crohn's disease 36 35 Ileum-transverse colon 19
M 198 M 27 Crohn's disease 13 125 Ileum-transverse colon 13
M 179 F 38 Crohn's disease 9 60 Ileum-transverse colon 11
M 164 F 27 Crohn's disease 18 S0 Ileum-caecum 9
M 211 F 24 Crohn's disease 2 6
M 185 M 25 Crohn's disease 10 160 35 Ileum-transverse colon 5

Table I Clinical data andfaecal fat excretion in the present series ofpatients

On the 100-g fat diet most patientshad steatorrhoea
(table I). On the fat-reduced diet there was a reduc-
tion in the number of bowel evacuations and a
decrease in the faecal content of fat, water, potas-
sium, and sodium (Andersson et al, 1974). Treat-
ment with the fat-reduced diet was continued at
home. Three to 27 months later a follow-up study
was performed. Ten of the 13 patients were admitted
to the metabolic ward (four days) and were given the
40-g fat diet. One of the initial patients had died of
intercurrent disease and two patients had been
operated upon again and were thus discharged from
the follow-up study.
The urines from patients with ileopathy consisted

of 111 samples out of the total of 115 samples
collected quantitatively in four-day periods during
the metabolic studies. Thirty-four samples were
collected during the high-fat regime, 67 samples
during the initial low-fat study, and 10 samples
during the follow-up study.
The control material consisted of one 24-hour

collection of urine from each of 13 apparently
healthy subjects matched for age and sex.

Methods

URINARY OXALATE
The urine was transferred directly after voiding into
flasks containing 5 N hydrochloric acid (10 ml/24 hr).
Four-day portions were collected and aliquots were
stored at -16C until assayed. The oxalate was
measured on centrifuged urine thawed at + 4°C
overnight by a slight modification of the method of
Archer, Dormer, Scowan, and Watts (1957). By
using a microsyringe (Agla) at the titration 10 ml
of urine was sufficient for the analysis. The titration
was performed with 0.1 molar permanganate under
continuous stirring in a 10 ml test tube.

The mean recovery of oxalate added to different
urine samples was around 80% (range 75-82%).
Calcium chloride added to a sample of freshly
voided urine did not decrease the recovery of
oxalate. When possible (90% of the determinations)
duplicate samples were analysed. The difference
between the two determinations was 2.4 (1 SD)
mg/l at a mean concentration of 40 mg/l.

OTHER METHODS
The methods used for the determination of total
fat and fatty acids in faeces, sodium and potassium
in faeces, calcium in urine, faeces, and food, and
total bile salt in duodenal samples will be reported
elsewhere together with the results of these deter-
minations.
The oxalic acid content of the diets have been

calculated from food composition tables (Zarembski
and Hodgkinson, 1962).

Results

THE URINARY OXALATE EXCRETION
This was 46 ± 25 (mean ± 1 SD) mg/24 hr in the
13 patients when the daily fat intake was 100 g
compared with 20 ± 7 mg in the controls (table II).
In 10 out of the 13 patients the excretion exceeded
34 mg/24 hr.

Faecal fat excretion was reduced (Andersson et
al, 1974) when fat intake was decreased. Of the total
faecal fat a mean of 80% (range 33-100%) was
comprised of free fatty acids while the content of
triglycerides generally was low. A linear positive
correlation was found between faecal fatty acid
output and urinary oxalate excretion (fig 1, r = 0 70,
p < 0.01) as well as between faecal fat output and
oxalate excretion (r = 0.68, p < 0.01).
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Patients' 100-g Fat 40-g Fat Diet 100-g Fat 40-g Fat Diet Before 100-g Fat 40-g Fat Fat-
Diet Diet Dietary Diet Diet reduced

-_____ Treatment Initial Initial Diet at
Initial Follow-up Initial Follow-up Study and Home
Study Study Study Study Follow-up

Studies
Mean Mean Mean Mean Mean Mean Mean Mean
Whole Whoke Last Four Four Whole Whole Last Four Four
Period' Period" Days Days Period' Period' Days Days

Urinary Oxalate Excretion (mg/24 hr)' Urinary Oxalate Concentration (mg/l)' Oxalate Content of the Diet (mg/24 hr)

Group I
M 210 100 51 49 - 96 31 29 - 75 265 55 -
M 170 82 38 19 24 57 21 9 11 100 80 80 110
M 209 38 33 30 47 36 31 27 29 15 30 35 35
M 191 39 50 51 - 56 65 66 - 75 60 290 -
M 203 61 30 21 23 90 33 26 18 45 40 40 30
M 216 44 22 28 12 37 12 16 8 70 85 75 90
M 195 47 53 46 40 69 22 19 19 20 35 70 S0
M 158 36 17 11 18 22 8 5 7 105 70 80 S0
Mean ± SD 56 24 37 14 32 15 27 13 58 26 28 ± 17 25 ± 19 15 8 65 35 85 75 90 80 60 ± 30
Group II
M 198 13 23 14 14 9 14 9 8 45 65 75 45
M 179 14 11 11 19 10 5 4 8 40 20 30 180
M 164 19 21 17 - 60 44 19 - 60 30 50 -
M 211 39 39 39 20 63 34 28 16 35 35 65 40
M 18S 61 62 63 11 42 42 47 6 65 50 55 110
Mean ± SD 29 ± 21 31 ± 20 29 22 16 4 37 ± 26 28 17 27 ± 17 10 ± 4 50 + 15 40 + 20 55 15 95 + 65

Table II Urinary oxalate excretion, urinary oxalate concentration, and calculated oxalate intake at different dietary fat
levels in 13 patients with ileal disease'
'Group I, patients with a faecal fat excretion >15 gl24 hr and group II, patients with a fat excretion <15 gf24 hr at a dietary fat intake of 100 g per day
'The duration of the study varied from four to 16 (mean 10) days for the different subjects.
'The duration of the study varied from 12 to 24 (mean 19) days for the different subjects.
'Th eoxcretion in the control group (n = 13) was 20 ± 7 (mean + SD) mg/24 hr and the concentration 16 ± 7 mgll.
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Fig 1 Correlation between urinary oxalate excretion andfaecalfatty acid output in 13 patients with ileal
disease during periods of varying fat intake. C = 100 g dietary fat; * = 40 g dietary fat, initial study;
A = 40 g dietary fat, follow-up study
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Because of this finding the patient material was
divided into two main groups (table II). Group I
included eight patients with an initial faecal fat
excretion exceeding 15 g/24 hr and group II five
patients with an excretion less than 15 g/24 hours.
In group I the urinary oxalate excretion decreased
when the fat intake was reduced from 100 g to
40 g per day in five patients and was essentially un-
changed in the remaining three. In the follow-up
study the oxalate excretion remained low in patients
on the fat-reduced diet except in M 209 who had a
daily faecal fat excretion of 14 g. In group II a high
oxalate excretion was observed initially in only two
of the patients. In these patients no change in the
oxalate excretion was observed during the initial
study. However, during the follow-up study the
daily excretion had decreased to 20 and 11 mg
respectively.
The patients had a higher diuresis when they were

on the low-fat diet (Andersson et al, 1974) because
the diarrhoea was reduced and finally ceased in all
but the ileostomy patient. Thus the urinary oxalate
concentration was proportionally more reduced
than the excretion per unit time. The mean calcu-
lated oxalate intake was about the same on the high-
fat and fat-reduced diets but there were great varia-
tions in the different patients (table II). In patient

100

,c

E

'R 50-
X

M 210 the decrease in oxalate intake may have
influenced the decrease in urinary oxalate excretion
and in patients M 191 and M 195 the fact that the
oxalate excretion did not decrease may be ex-
plained by the increase in the oxalate content of the
diet.

CORRELATION OF URINARY OXALATE WITH
DIETARY, URINARY, AND FAECAL CALCIUM
AND PHOSPHORUS EXCRETION
There was no correlation between the urinary
oxalate excretion and the calcium intake in the
patient material.

Urinary excretion of calcium was low in almost
all patients (fig 2). An excretion of calcium exceeding
170 mg/24 hr was not connected with hyperoxaluria
and generally the patients with the lowest calcium
excretion had the highest urinary oxalate excretion.
The mean daily faecal calcium excretion in the 13

patients ranged from 310 to 1300 (group mean
770) mg on the high-fat diet and from 380 to 1590
(group mean 840) mg on the low-fat diet at a
constant calcium intake between 200 and 1440
(mean group 810) and 290 and 1900 (group mean
1000) mg/24 hr respectively. One patient, M 185,
had a faecal calcium excretion of only 370 (intake
340) and 400 (intake 340) mg respectively on the two
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0 50 100 150 200 2 350 100 150 2100 250 300
Calcium in urine (mg/24h)

Fig 2 Urinary oxalate excretion in relation to urinary calcium excretion in 13 patients with ileal disease during
periods of varying fat intake. * = 100 g dietary fat; * = 40 g dietary fat, initial study; A = 40 g dietary
fat, follow-up study

363

A

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.15.5.360 on 1 M

ay 1974. D
ow

nloaded from
 

http://gut.bmj.com/


Henrik Andersson and RudolfJagenburg

80-

70-

60-

a 50-
E

x 40
0

, 30-

20

10.

0

0
0

0

*

0

0

0

1 2 3 4 5 6 7 8
Bile salt concentration (mmol /1)

Fig 3 Urinary oxalate excretion in relation to total
duodenal bile salt concentration in patients with ileal
disease.

diets. The intake of oxalate was unchanged in this
patient and the oxalate excretion did not decrease
in spite of a low faecal fat excretion. The urinary
calcium excretion in this patient was below 15 mg/24
hr during the initial study. The oxalate excretion was
found to have become normal at the follow-up
study.
There was no correlation between faecal and

urinary phosphorus excretion and the urinary
oxalate excretion in the total patient material.

CORRELATION OF URINARY OXALATE WITH
DUODENAL BILE SALT CONCENTRATION
AND FAECAL EXCRETION OF WATER,
ELECTROLYTES, AND NITROGEN
The fat-reduced diet did not increase duodenal
bile salt concentration (Andersson, 1974) and there
was no correlation between the postprandial bile
salt concentration (mean value of the three deter-
Oiinations) and the excretion of urinary oxalate
(fig 3). There was no correlation between urinary
oxalate excretion and faecal water, faecal electro-
lytes, and faecal nitrogen excretion.

Discussion

A fat-reduced diet has been found to reduce the
diarrhoea in patients with ileal disease and in
patients subjected to ileal resection (Booth, Mac-
Intyre, and Mollin, 1964; Andersson et al, 1974). The

present study shows that a reduction in the daily
fat intake from 100 g to 40 g can after a short period
of time reduce the urinary oxalate excretion, at
least in patients with marked steatorrhoea. The
results of the follow-up study indicate that a reduc-
tion in the fat intake might after a longer period of
time reduce the oxalate excretion even in patients
with a normal or almost normal faecal fat excretion.
The decrease in the oxalate excretion occurred

when factors known to influence the excretion, such
as the oxalate content of the diet (Chadwick et al,
1973) and the dietary calcium intake (Zarembski and
Hodgkinson, 1969; Marshall, Cochran, and Hodg-
kinson, 1972), were relatively constant, and in spite
of increased urinary volumes which are known to
increase urinary oxalate excretion (Zarembski and
Hodgkinson, 1969). The increased diuresis, which
was due to a reduction in the stool water on the fat-
reduced diet, should further diminish the risk of
forming renal calculi.

Increased absorption of dietary oxalate has been
shown to be the cause of the hyperoxaluria in
patients with ileal dysfunction (Chadwick et al,
1973). The mechanism for the increased absorption
in this condition is not known but several explana-
tions have been proposed (Chadwick et al, 1973;
Stauffer et al, 1973). It has been shown that an
increased oxalate absorption can be provoked by a
reduction in the intake of calcium (Zarembski and
Hodgkinson, 1969; Marshall et al, 1972). A possible
mechanism is that the decrease in the calcium intake
results in less calcium being available to form
insoluble calcium oxalates in the intestine. Pro-
portionately greater amounts of the ingested oxalic
acid will therefore be present as soluble salts which
can be absorbed (Marshall et al, 1972). In normal
subjects (Marshall et al, 1972) and in patients with
renal calculus (Zarmbski and Hodgkinson, 1969;
Marshall et al, 1972) an increase in the urinary
oxalate excretion occurs only when the calcium
intake is markedly reduced. As there was no correla-
tion between the oxalate excretion and the calcium
intake in our material a low content of calcium in
the diet does not seem to be the main cause of the
hyperoxaluria.
The good correlation between the urinary oxalate

excretion and the faecal fat and fatty acid content
and the fact that only the subjects with the lowest
urinary calcium excretion had hyperoxaluria favours
the hypothesis that a high oxalate absorption is due
to a low intraluminal calcium ion concentration
caused by the formation of insoluble calcium soaps
(Chadwick et al, 1973) (fig 4). A proportionately
greater amount of the oxalate will then be in a soluble
form.
On the other hand we have not been able to dem-
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NORMALLY

Absorption Oxalic acid Ca Fatty acids M Absorption

Calciurn Calc~ium
oxalbte soaps

Faeces

STEATORRHOEA IN ILEAL DISEASE

Absorption4Oxalic acid Ca"* Fatty acids Absorption

|Calcium ||Calcium|
Ioxalate soaps

* I

Faeces

Fig 4 Proposed mechanism for the hyperoxaluria in patients with increasedfaecal excretion offatty acids.

onstrate an inverse relationship between theduodenal
bile salt concentration and the oxalate excretion.
The theory that a reduced jejunal concentration of
bile salts should cause the hyperoxaluria (Chadwick
et al, 1973) therefore seems unlikely in our patients.
The patient without steatorrhoea (M 185) but

with high oxalate excretion had a low calcium
intake and an extremely low urinary calcium excre-
tion, which may explain, at least partly, the hyper-
oxaluria in this patient.
The oxalate content of the diet might have contri-

buted to a decrease in oxalate excretion in one patient
and might explain why there was no decrease in two
other patients after the introduction of the fat-
reduced diet.

Different treatments have been proposed for the
reduction of the hyperoxaluria in patients with
ileopathy. The use of taurine has already been
mentioned in the introduction. Cholestyramine
therapy is not recommended for patients with
marked steatorrhoea (Hofmann and Poley, 1969) as
it increases the steatorrhoea. The practical applica-
tion of an oxalate-reduced diet, suggested by Chad-
wick et al (1973), has not yet been evaluated but
from a nutritional point of view it is difficult to
adhere to such a diet and it is not advisable as most
vegetables must be excluded. A fat-reduced diet,
as used in the present study, is effective both for
reduction of the diarrhoea and of the urinary
excretion of oxalate. It is also well tolerated, as six
patients previously reported (Andersson, 1973)

(three of them included in the present study) have
now been on this dietary regime for two to six years.

This work was supported by the Swedish Medical
Research Council (project no. 19 X-570).
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