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Oxalate loading test: a screening test for steatorrhoea
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SUMMARY To investigate the possibility of measuring urinary oxalate output instead of faecal fat
excretion as an outpatient screening test for steatorrhoea, we determined 24 hour urinary oxalate
and five day faecal fat excretion before and during an oral load of sodium oxalate 600 mg daily
(oxalate 4-44 mmol), in 32 patients with suspected malabsorption on a diet containing oxalate 30 mg
(0-33 mmol), fat 50 g (180 mmol), and calcium 1 g (25 mmol). Nineteen patients proved to have
steatorrhoea (mean faecal fat 62 mmol/24 h, range 19-186 mmol) of varying aetiologies. On the
diet alone, urinary oxalate was raised in only nine of these patients (mean 0 25 mmol/24 h, range
0-08-059 mmol) (normal <0 20). By contrast, when the diet was supplemented with oral sodium
oxalate, all 19 patients with steatorrhoea had hyperoxaluria (mean 0-91 mmol/24 h, range 046-
1P44 mmol) (normal <0-44). There was a significant positive linear relationship between urinary
oxalate and faecal fat when the 32 patients were on the high oxalate intake (r=0*73, P <0.001), but
not when they were on the low oxalate intake. Mean percentage absorption of orally administered
oxalate was 58+09% (±1 SD) in normal subjects and 14-7+6-0% (P <0.002) in patients with
steatorrhoea. Measurement of urinary oxalate output during oral sodium oxalate loading appears
to be a reliable and convenient screening test for steatorrhoea.

As a screening test for malabsorption, estimation of
faecal fat excretion is inconvenient, tedious, and
aesthetically unpleasant, both for the patient and the
clinical laboratory. Although the need for prolonged
collection periods may be reduced by the use of
inert markers (Simpson et al., 1978), patient com-
pliance in the ingestion of these, in the consumption
of a diet of fixed fat content, and in the faecal collec-
tion itself, may be hard to obtain. Because of these
limitations, doctors may be reluctant to request
faecal fat estimations, particularly for excluding
malabsorption. Several alternative screening pro-
cedures have therefore been proposed (Losowsky et
al., 1974), but so far none has proved sufficiently
simple or reliable to receive widespread acceptance
for routine clinical use.

Enteric hyperoxaluria was first reported in
patients with ileal disease or resection (Dowling et
al., 1971; Admirand et al., 1971; Smith et al., 1972)
but has since been described in a wide variety of
other digestive and absorptive disorders charac-
terised by malabsorption of fat, bile acids, or both.
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Although it appears to be a consequence of excessive
absorption of dietary oxalate (Chadwick et al.,
1973; Stauffer et al., 1973; Earnest et al., 1974), the
precise mechanism of enteric hyperoxaluria is
uncertain.
The colon is probably the site of the hyper-

absorption, and it has been suggested that its
permeability to oxalate is increased by malabsorbed
bile acids and fatty acids (Saunders et al., 1975;
Dobbins and Binder, 1976, 1977; Fairclough et al.,
1977). A positive linear relationship exists between
urinary oxalate output and the degree of steatorrhoea
in patients with ileopathy (Andersson and Jagen-
burg, 1974; Earnest et al., 1974; Hylander et al.,
1978), coeliac disease (McDonald et al., 1977), and
other causes of fat malabsorption (Ruge et al., 1976;
Andersson and Gillberg, 1977; Stauffer, 1977). This
correlation accords with the solubility theory, which
holds that malabsorbed fatty acids form soaps with
intraluminal calcium, thereby increasing the amount
of soluble oxalate available for absorption (Anders-
son and Jagenburg, 1974; Earnest et al., 1974;
McDonald et al., 1977).
Because of the correlation between urinary oxalate

output and faecal fat excretion, we have assessed the
value of estimating urinary oxalate during a
standardised oxalate load as a screening test for
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steatorrhoea (Andersson and Gillberg, 1977). In the Ethical Committee at University College
32 patients with suspected malabsorption we Hospital.
measured 24 hour urinary oxalate outputs, using a
specific enzymatic method, before and during an DIET
oral load of sodium oxalate; a simultaneous five day Throughout the study, each subject took a diet
faecal collection was made for fat analysis. containing oxalate 30 mg (range 26-44 mg) (0 33

Table Faecal fat, urinary oxalate, percentage oxalate absorption and urinary glycollate in normal subjects and in
patients with and without steatorrhoea on low oxalate intake (A) (0 33 mmol) and high oxalate intake (B) (4-77 mmo 1)

N Faecalfat 24 h urine 24 h urine Percentage 24 h urine 24 h urine
oxalate (A) oxalate (B) oxalate glycollate (A) glycollate (B)

(mmol/24 h) (mmolI24 h) (mmol/24 h) absorption (mmol/24 h) (mmol/24 h)

Normal subjects 10 0-14±0-03 0-40±0-02tt 5-8±0-9 0 25±0-08 0-24±0-08
Patients with steatorrhoea

Crohn's disease 5 49-8±41-1 0-24±0-11* 069 ±023t* 101±5-1 0-21 ±0-06 020±005
Pancreatic insufficiency 5 66 0±46-1 0-28±0-19 0-95 ±022t* 15-1 ±6-Ot 0-26±0-06 0-27±0 05
Coeliac disease 5 52-4±27-0 0-18±0-06 0-84±0-30tt 14-7±6-8t 0-18±0-07 0-19±0-07
Miscellaneous 4 84-4±69-3 0-33 ±0-16 1-21 ±0-7t 19-8±l-3t 0.19 ±0-09 0-18 0-06
All 19 62-0±44-6 025±0 14t 0-91±0-29tS 14-7±6-Ot 0-21±0-07 021±006

Patients with normal faecal fat
Crohn's disease 5 99± 3-9 027 ±0-09t 0-53±018t 59±30 021±0-07 0-21 ±0-07
Miscellaneous 8 8-5± 4-5 0-16±0-06 040±016§ 55±25 0-21±0-09 0-19±0-10
All 13 91 ± 4-1 0 20±0-09 0-45 ±O-1711 5-7±2-5 0-21±0-08 0-20±0-09

N: number of subjects. All values expressed as mean ±SD. Significant difference from normal subjects: * P <0-05, t p < 001. Significant
difference from A: t p<0-05, § p<0-01, p<0-001.

Methods
SUBJECTS
Thirty-two patients (aged 21-73 years) with suspected
malabsorption were studied (Table). Of the 19 who
proved to have steatorrhoea, five patients had
Crohn's disease without radiological evidence of
colonic involvement (three had had resection of the
terminal ileum and part of the ascending colon),
five patients had coeliac disease, and five had
pancreatic exocrine insufficiency; the remaining four
patients had jejunal diverticulosis, a partial gastrec-
tomy, a jejunoileal bypass for obesity, and extensive
small bowel resection after trauma. Of the 13 patients
without steatorrhoea, five had Crohn's disease
without evidence of colonic disease (two had had
terminal ileal resection and right hemicolectomy),
three had irritable bowel syndrome, and the remain-
ing five patients had coeliac disease, recurrent acute
pancreatitis, giardiasis, lactose intolerance, and a
steroid-responsive diarrhoea 10 years after removal
of a chromophobe adenoma.
Ten normal volunteers (aged 19-62 years) served

as controls for urinary oxalate and glycollate
excretion.
Twenty of the patients were investigated in

hospital; the remaining 12 patients and all the
normal subjects were studied as outpatients. All
subjects had normal renal function and none showed
clinical evidence of pyridoxine deficiency (Admirand
et al., 1971). Each subject gave informed consent to
the study, approval for which was obtained from

mmol), fat 50 g (48-56 g) (180 mmol), and calcium
1000 mg (990-1130 mg) (25 mmol). Each subject was
issued with detailed diet sheets and was specifically
advised to avoid ascorbic acid intake in excess of
that taken in the diet. Before the beginning of the
study period, outpatient and normal volunteers were
individually instructed in the use of the diet
sheets; a dietician prepared and supervised the
consumption of the inpatients' diet.

OXALATE LOAD
Sodium oxalate was supplied in gelatin capsules,
each containing 300 mg (oxalate 2-22 mmol). One
capsule was taken during lunch and a second during
supper on each of days five, six, and seven of the
study. The contents of each capsule were dissolved
in 200 ml of water and taken with the food. This
gave a daily supplement to dietary oxalate intake of
4-44 mmol of oxalate.

All treatments were kept unchanged during the
study period, and no subjects were on therapy known
to affect urinary oxalate output other than by
redlcing faecal fat excretion.

PROTOCOL
Each study lasted seven days, throughout which
time the subjects were on the diet. On days 3-7
inclusive, a five day faecal fat collection was made.
On day 4, a 24 hour urine collection (A) was made
for estimation of urinary oxalate on the low oxalate
intake. On days 5-7 inclusive, the loading test was
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carried out, the subjects takingsodium oxalate 300mg
twice daily with their meals, and on day 7 collecting
a second 24 hour urine specimen (B), while still
taking the oxalate load.

ANALYTICAL METHODS
Urinary oxalate
Urine was collected into 10 ml 6N hydrochloric acid;
on completion of the collection, aliquots, to which
thymol was added, were frozen until analysis.
Oxalate was determined in duplicate using the
specific oxalate decarboxylase method of Hallson
and Rose (1974). Recovery of oxalate added to
normal urine was 98±5 1 % (n 12) (meant1 SD)
and the coefficient of variation of repeated estima-
tions of the same sample was 3.4% (n= 12). Recovery
experiments on samples obtained from those
patients on drug therapy showed that their medica-
tion did not stimulate or inhibit oxalate decarboxy-
lase activity.

Urinary glycollate
The same urine samples were analysed for glycollate
using a glycollate oxidase method (Kasidas and
Rose, 1979). Recovery of glycollate added to
normal urine was 96±3.-9% (n=12) (meant1 SD),
and the coefficient of variation of repeated estima-
tions was 5 8% (n=12).

Urinary creatinine
This was measured by the Jafft reaction (Varley,
1967) in order to assess completeness of urine
collections. Twenty-four hour urine creatinine
content showed a within patient coefficient of
variation between collections A and B of 7T2%.

Faecal fat
Faecal fat was measured by the method of Van de
Kamer et al. (1949), as modified by Varley (1967).
The coefficients of variation of duplicate estimations
of normal (range 2-18 mmol/24 h) and steatorrhoeic
(range 20-194 mmol/24 h) stool samples were 7-3 %
(n 12) and 4-7% (n= 18), respectively. Steatorrhoea
was defined as a faecal fat output in excess of
18 mmol/24 h.

CALCULATIONS
Percentage absorption, within 24 hours, of orally
ingested sodium oxalate (oxalate 4.44 mmol) was
calculated as below:

urine oxalate B-urine oxalate Ax 100%
4.44

The predictive value of a raised urinary oxalate was
calculated, as a percentage, from the number of
patients who had steatorrhoea and hyperoxaluria

divided by the total number of patients with hyper-
oxaluria. The predictive value of a normal urinary
oxalate, similarly, was given by the number of
patients with a normal faecal fat and normal urinary
oxalate, divided by the total number of those with a
normal urinary oxalate.

STASTICAL METHODS
Results are expressed as means +1 SD. Urinary
oxalate output and faecal fat excretion were initially
correlated by the method of least squares, but,
because residual analysis showed a non-normal
distribution of urinary oxalate, Spearman's rank
correlation test was used to test the statistical
significance of the correlation. Paired and unpaired
data were compared by Wilcoxon's signed ranks
test (one-tailed), and sum of ranks test (two-tailed),
respectively. Urinary creatinine and faecal fat
reproducibility was calculated by analysis of
variance.

Results
URINARY OXALATE IN NORMAL SUBJECTS
On a daily intake of 0 33 mmol oxalate, normal
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Fig. 1 Relationship between 24 hour urinary oxalate (A)
andfaecal fat output in patients on a low oxalate intake
(033 mmol). The dotted lines indicate the upper limit of
oxalate excretion (horizontal) and offaecal fat
output (vertical) in normal subjects.
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volunteers had a urinary oxalate output (A) of
0-14±0-03 mmol/24 h (Table). The upper limit of
normal was taken as 0'20 mmol/24 h (mean+2 SD).
On a high oxalate intake (4 77 mmol), urinary oxalate
(B) was 0A40±0-02 mmol/24 h, upper limit 0.44
mmol/24 h.

PATIENTS ON LOW OXALATE INTAKE (A)
When on a low oxalate (0-33 mmol) intake, 10 of the
19 patients with steatorrhoea had normal urinary
oxalate excretion (Fig. 1). The predictive values of
normal and raised oxalates (A) were 44% and 64%
respectively. There was no significant correlation
between urinary oxalate (A) and faecal fat excretion
(Spearman's rank correlation coefficient, r=0-20).
Five patients, of whom four had steatorrhoea, had
urinary oxalates in excess of intake (Fig. 1); two of
these had Crohn's disease with a right hemi-
colectomy, and the three others had pancreatic
insufficiency, jejunoileal bypass, and a partial
gastrectomy. Although there was a significant
difference in urinary oxalate (A) between patients
with steatorrhoea and normal volunteers (P-<0-01)
(Table), individual results in the two groups showed
considerable overlap.

PATIENTS ON HIGH OXALATE INTAKE (B)
All patients with steatorrhoea (faecal fat > 18
mmol/24 h) had hyperoxaluria (>0.44 mmol/24 h)
when taking 4-77 mmol oxalate daily (Fig. 2).
Four patients without steatorrhoea (three with
Crohn's disease and one with coeliac disease) also
had hyperoxaluria. On a high oxalate intake, the
predictive value of a normal urinary oxalate (B)
was thus 100 %, and of a raised urinary oxalate (B)
83 %. Urinary oxalate in patients on a high oxalate
intake showed a significant positive linear relation-
ship with faecal fat excretion (r=0-73, P-<0-001).
Urinary oxalate (B) was significantly greater in
patients with steatorrhoea than in normal subjects
(P-<0-002) (Table) and also greater than in patients
with normal faecal fat excretion (P-<0002).

PERCENTAGE ABSORPTION OF OXALATE
Percentage absorption within 24 hours of oral
sodium oxalate was significantly greater in patients
with steatorrhoea (14-7±6-0%), compared with
those without (P.<0-002), and with normal subjects
(5-8 +0-9%) (P-<0-002) (Table). Percentage absorp-
tion of oxalate in all patients showed a significant
positive linear relationship with faecal fat excretion
(r=0-74, P.<0 001). Two patients with steatorrhoea,
both of whom had had a right hemicolectomy for
Crohn's disease, had a percentage absorption of
oxalate within the normal range (c<7 6%); one had
minimal steatorrhoea (19 mmol/24 h), and the other
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Fig. 2 Relationship between 24-hour urinary oxalate (B)
andfaecal fat output in patients on a high oxalate intake
(4 77 mmol), (r=0-73, P.<O-OOJ). The dotted lines
indicate the upper limit of oxalate excretion (horizontal)
and offaecal fat output (vertical) in normal subjects.

had urinary oxalate (A) in excess of his intake
(0 33 mmol).

URINARY GLYCOLLATE
Urinary glycollate was normal in each group studied,
whether on high or low oxalate intake (Table). The
same finding applied to the five patients in whom
urinary oxalate (A) exceeded intake (0 33 mmol)
and to the four with hyperoxaluria (B) in the
absence of steatorrhoea (urinary glycollates 0 18±
0 04 and 0-26±0-11 mmol/24 h, respectively).

Discussion
In this study, all patients with steatorrhoea had
hyperoxaluria when given an oral load of sodium
oxalate 300 mg twice daily; in contrast, normal
urinary oxalate was found in 10 of the steatorrhoeic
patients when they were on the low oxalate intake.
These results suggest that measurement of urinary
oxalate during oral administration of a soluble
oxalate load may be a valuable screening test for
steatorrhoea.

Shortly after these investigations were started,
Andersson and Gillberg (1977) reported similar
results using 100 g spinach as the oxalate load.

c %
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Spinach may not, however, be an ideal source of
oxalate. Its content of oxalate, much of which occurs
as the insoluble calcium salt, ranges from 4-87
mmol/100 g (360-780 mg/100 g), depending on the
kind and maturity of the sample analysed (Hodg-
kinson, 1977). Earnest et al. (1975) showed that, in
patients with jejunoileal bypass, spinach oxalate may
be largely unavailable for absorption; unlike
sodium oxalate, spinach failed to produce hyper-
oxaluria in 30% of their patients, appearing undi-
gested in the faeces. Finally, in contrast with sodium
oxalate, which was well tolerated by our subjects,
none of whom noted any side-effects, spinach is
unpalatable to some people.
Four of our patients on the high oxalate intake

had hyperoxaluria in the absence of steatorrhoea.
They were not investigated for bile acid malabsorp-
tion, which could theoretically account for the
hyperoxaluria of the three patients with Crohn's
disease. Other possible explanations for this finding
include incompleteness of the faecal collection,
consumption of oxalate either unaccompanied by a
meal, or in excess of that stipulated, and derivation
of an increased proportion of urinary oxalate from
other dietary or metabolic precursors. The last
two possibilities might also apply to the five patients
with urinary oxalates greater than their 0 33 mmol
intake, a finding noted by other workers (Chadwick
et al., 1973; Stauffer et al., 1973; Andersson and
Jagenburg, 1974; Earnest et al., 1974). In each of
these patients urinary glycollate was normal (see
below).

In support of the solubility theory of the mechan-
ism of enteric hyperoxaluria, we have confirmed the
significant linear relationship between faecal fat and
urinary oxalate during an oral oxalate load. The
absence of such a relationship in patients on a low
oxalate intake presumably results from the relatively
high contribution to urinary oxalate of non-dietary
sources of oxalate in these circumstances. Further-
more, in accordance with earlier workers (Archer et
al., 1957; Zarembski and Hodgkinson, 1969;
Chadwick et al., 1973; Dobbins and Binder, 1977;
Hylander et al., 1978), we have found that, in 24
hours, normal subjects absorb about 6% of an oral
load of soluble oxalate, taken with meals; in patients
with fat malabsorption this percentage increases and
shows a significant linear correlation with the degree
of steatorrhoea. Chadwick et al. (1973) showed that,
in normal subjects, percentage excretion in 36 hours
of oral 14C-oxalate incieased from 6-6 % when it was
given with food to 28% when the subject was fasting.
We took care to ensure that all our subjects ingested
the sodium oxalate with meals.

In all patients studied, urinary excretion of glycol-
late, measured with an oxidase technique, was within

normal limits. This confirms earlier reports
(Admirand et al., 1971; Earnest et al., 1974) and
provides additional evidence against increased
glyoxylate metabolism (Hofmann et al., 1973), type 1
primary hyperoxaluria, and probably also pyri-
doxine deficiency (Admirand et al., 1971), as
causes of hyperoxaluria in these patients.
We conclude that, in patients with most or all of

the colon preserved, measurement of the urinary
oxalate output, preferably by this specific enzymatic
method, during oral administration of sodium
oxalate 300 mg twice daily with meals, may be a
reliable and convenient screening test for steator-
rhoea. The test is equally suitable for both outpatient
and inpatient use; further work may demonstrate
that strict dietary control is unnecessary and that
shorter periods for urine collection and administra-
tion of sodium oxalate can be used. The most
valuable role of the oxalate loading test may be in
the identification, by normal urinary oxalate output,
of those patients who do not have steatorrhoea, and
in this large group the oxalate loading test may make
faecal collection for fat analysis unnecessary.

We thank Ms G. Cave and Ms A. Finch for devising
and supervising the diet, Ms C. Chilvers for stat-
istical advice, Ms Margot Fowell for typing the
manuscript, Professor F. V. Flynn and Mr K. Piper
for their co-operation in the faecal fat estimations,
Dr H. A. K. Rowland for referring patients, Mr
A. R. Williams and the UCH Pharmacy staff for
supplying the sodium oxalate capsules, the nursing
staff for their help with inpatients, and finally the
patients themselves for participating in the study.
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