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Hyperoxaluria correlates with fat malabsorption
in patients with sprue'
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SUMMARY The effect of fat malabsorption on the absorption and renal excretion of dietary oxalate
was studied in four patients with sprue and in two patients with dermatitis herpetiformis and sprue-

like jejunal histology. Hyperoxaluria was present in all patients with sprue when fat malabsorption
was severe. Urinary oxalate excretion decreased in two of the three patients with coeliac sprue when
their fat malabsorption had improved after three months of dietary gluten restriction. Neither
patient with dermatitis herpetiformis and sprue had steatorrhoea. In these patients, urinary oxalate
excretion was always within normal limits. A significant positive linear relationship (y = 28*25 +
4 84x; r = 0-82; p < 0.01) was demonstrated between faecal fat and urinary oxalate excretion. The
results of this study support the concept that severe malabsorption of dietary fat plays a primary
causative role in enteric hyperoxaluria.

Patients with extensive ileal resection or disease
absorb excessive amounts of oxalate from their diet
(Chadwick et al., 1973; Stauffer et al., 1973; Earnest
et al., 1974). This leads to increased urinary excretion
of oxolate and results in increased risk of calcium
oxalate nephrolithiasis. In such patients, factors
that are positively associated with increased intestinal
oxalate absorption and hyperoxaluria include the
length of ileal resection (Stauffer et al., 1973;
Earnest et al., 1974), the quantity of dietary oxalate
(Chadwick et al., 1973; Stauffer et al., 1973; Earnest
et al., 1974), and an intact colon (Earnest et al.,
1974). The exact mechanism responsible for en-
hanced intestinal oxalate absorption in patients with
severe ileal dysfunction is not well defined. We
tested the hypothesis that excessive absorption of
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dietary oxalate is associated primarily with mal-
absorption of dietary fat. We studied patients with
sprue because the severity of their disease and fat
malabsorption can be changed by altering the gluten
content of their diet.

Methods

SUBJECTS STUDIED
Urinary oxalate excretion was measured in six
adults who had histological changes in jejunal
mucosa compatible with the diagnosis of sprue, and
also in 18 normal individuals. Three of the patients
(nos. 1, 2, and 3) were considered to have coeliac
sprue, as in each of these persons fat malabsorption
had been shown previously to decrease during a
gluten-free diet. In the other two patients (nos. 5 and
6), the flat jejunal mucosa was considered to be a
manifestation of dermatitis herpetiformis. One
additional patient (no. 4) did not respond to a gluten-
free diet and was considered to have 'refractory
sprue'. Informed consent was obtained from all
subjects.

COMPOSITION OF ALL DIETS
All studies were performed in a metabolic ward to
assure rigid dietary control and accurate collection
of urine and faeces.
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High oxalate diet
All subjects ate diets containing gluten at home for
two to four weeks before the study. During their
six days in the metabolic ward, all subjects received
daily diet containing gluten, 70 to 100 g fat, and
100 g fresh-frozen spinach. This amount of spinach
contains approximately 3-6 mmol (458 mg) oxalate
(Zarembski and Hodgkinson, 1962). The gluten
(60 g daily) was supplied to patients nos. 5 and 6
as specially prepared bakery goods. Dietary gluten
for the other four patients and for the normal
volunteers was provided in the regular hospital
bread, cakes, and gravies. Medications containing
calcium and ascorbic acid were discontinued during
the study. Estimated calcium content of all diets
was 12-5 to 20 mmol (500 to 900 mg) per day.

Gluten-free diet
After the initial study period, gluten was removed
from the diet. After two to four weeks of a gluten-
free diet at home, all patients were readmitted and
studied on a gluten-free diet containing the same
amount of fat, calcium, and spinach as in the high
oxalate diet.

Repeat gluten-free diet
The three patients with proved coeliac sprue (nos.
1, 2, and 3) were readmitted after three additional
months of gluten restriction at home and studied
while on the same constant gluten-free high oxalate
diet. This duration of gluten restriction was neces-
sary to correct fat malabsorption in two of the three
patients.

TECHNIQUES

Faecal fat balances
Stools of each patient were pooled in 72-hour col-
lections and analysed for fat by established methods.
Mean faecal excretion of fat in grams per day and
the coefficient of fat absorption were calculated for
each of the 15 study periods

Measurement of urinary oxalate, calcium, and
phosphorus
Twenty-four-hour urine specimens were collected
and refrigerated in plastic bottles containing 10 ml
concentrated hydrochloric acid. After thorough
mixing, 100 ml aliquots were frozen until analysed
by a previously reported isotope dilution technique
(Hockaday et al., 1965; Earnest et al., 1974). This
method recovers an average of 98% of oxalic acid
added to control aliquots of the same 24-hour
urine specimen. Urinary concentrations of calcium
and phosphorus were measured by a standard
autoanalyser technique. In this report, urinary

oxalate, calcium, and phosphate concentrations,
expressed as millimoles (and milligrams) per 24
hours, are the means ofa minimum of three con-
secutive daily measurements in each dietary period.

Small bowel biopsies
Jejunal mucosa was obtained at the ligament of
Treitz with the multipurpose suction biopsy tube
during the first dietary period in all patients to
confirm the presence of the characteristic histological
changes of sprue. Three patients (nos. 1, 4, and 5)
had additional biopsies during the period of dietary
gluten exclusion. The one patient (no. 4) with re-
fractory sprue underwent laparotomy a month after
the studies were completed. Both ileal and jejunal
mucosal biopsies from this patient confirmed per-
sistence of severe histological change with absent
villi.

Statistical methods
Urinary oxalate and calcium and faecal fat excretion
were correlated by least squares linear regression
analysis (Goldstein, 1964), All values for urinary
oxalate, calcium, and phosphate are expressed as the
mean of consecutive 24-hour urine collections.

Results

URINARY OXALATE, CALCIUM, AND
PHOSPHATE EXCRETION
Urinary excretion of oxalate, calcium, and phosphate
in the six patients with sprue is shown in the Table.
All four patients who had severe fat malabsorption
(nos. 1, 2, 3, and 4) also had hyperoxaluria. Urinary
oxalate excretion did not change appreciably after
two to four weeks of a gluten-free diet. After three
months of a gluten-free diet, urinary oxalate excre-
tion decreased significantly (p < 0 05) in two of the
three patients with coeliac sprue (nos. 2 and 3).
However, hyperoxaluria persisted in the patient with
refractory sprue. The two patients with dermatitis
herpetiformis and flat jejunal mucosa had normal
urinary levels of oxalate (0-21 ± 0-05 mmoles
(26-9 ± 6-8 mg) per 24 hours) during all diet periods.

In the 18 normal subjects, mean daily urinary
oxalate excretion was 0 52 ± 0 03 mmol (65 57 +
4-05 mg, SD 17-2). Excretion of this quantity of
oxalate in urine is greater than that previously
reported for normal subjects eating either ad
libitum or low oxalate diets and reflects the
constant high dietary oxalate intake (Chadwick
et al., 1973; Stauffer et al., 1973; Earnest et al.,
1974).

FAT MALABSORPTION
Mean daily faecal excretion of fat in the four sprue
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Table Data from six patients with sprue during three diet periods

Diet and substance Patients with proved coellac sprue responsive Patient with Patients with dermatitis
measured to gluten restriction refractory sprue herpetiformis and sprue

1 2 3 4 5 6

High oxalate diet containing gluten
Urine'

Oxalate 199, 166, 234 100, 97, 35, 71 70, 454, 157, 111 30, 95, 57,92 6, 8, 27, 9 61, 59, 15
(200) (159) (76) (0 60) (198) (1 57) (69) (0 55) (13) (0-10) (45) (0-36)

Calcium 20, 19, 18 27, 32, 8, 18 32, 14, 16, 28 18, 21, 19, 40 - 48, 122, 73
(19) (0 47) (21) (0 52) (23) (0 57) (25) (0-62) - (81) (2 02)

Phosphate 986, 955, 969 600, 779, 805, 545 923, 1140, 809, 1117 366, 435, 236, 248 - 671, 1052, 1004
(970) (10-21) (683) (7-19) (997) (10-50) (321) (3 38) - (909) (9-57)

Faecal fatt 46-8 16-7 37-6 16-3 5-8 9-2
(CA)$ (57 %/) (84 Y.) (62%) (79 /) (95%) (93%)

Gluten-free diet for 2-4 weeks
Urine*

Oxalate 178, 258, 219 86, 200, 162, 181 253, 255, 155, 258 174, 172, 83 5, 18, 6, 5 82, 50, 26
(218) (1*73) (157) (1-25) (230) (1-82) (143) (1-13) (9) (0 07) (53) (0 42)

Calcium 11, 8, 9 39, 12, 34, 18 17, 13, 9, 20 23, 45, 23 - 24, 71, 72
(9) (0 22) (26) (0-65) (15) (0 37) (30) (0 75) - (56) (1-40)

Phosphate 1034, 950, 1079 1037, 1357, 1376 932, 749, 656, 981 661, 259, 493 - 694, 816, 763
(1021) (10-75) (1257) (13.24) (830) (8 74) (471) (4 96) - (758) (7 98)

Faecal fatt 40-2 21-2 19 5 25 7 0 5 9.1
(CA): (65%) (86%) (81%) (72%) (99%) (91%)

Gluten-free diet for 14-16 weeks
Urine*

Oxalate 184,284,271,258 32, 45,60 177, 93, 86, 71 - - -
(249) (1-98) (46) (0 36) (107) (0 85) - - -

Calcium 9, 12, 17 55, 22, 88 22, 32, 26, 34 - - -

(13) (0-32) (55) (1-37) (29) (0 72) - - -
Phosphate 734, 1217, 1428 1007, 792 880, 814, 1063, 949 - - -

(1126) (11-86) (900) (9-48) (927) (9 76) - - -
Faecal fatt 27-6 4-7 58 - - -

(CA) (69%) (93%/) (92%.) - - -

'expessed as mg/24 h; consecutive values (mean value in mg/24h) (mean value in mmol/24h).
texpressed as g/24 h.
tcoefficient of absorption (%/O).
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Fig. 1 Comparison offaecal fat excretion with daily
urinary oxalate excretion in six patients with sprue.

Fig. 2 Comparison offaecalfat and urinary calcium
excretion in five patients with sprue.
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Fig. 3 Comparison of urinary oxalate excretion with
urinary calcium excretion in five patients with sprue.

patients was raised (29-4 ± 7-7 g per 24 hours)
during the first dietary period and remained ab-
normal (26-7 ± 4-7 g per 24 hours) after two to four
weeks on a gluten-free diet (Table). Fat malabsorp-
tion was markedly decreased (12-7 ± 7.5 g per 24
hours) in patients nos. 1, 2, and 3 after three months
on a gluten-free diet. In contrast, faecal fat excretion
was always within normal limits or only slightly
increased in the two patients with dermatitis
herpetiformis.

RELATIONSHIP BETWEEN FAECAL FAT AND

URINARY OXALATE AND CALCIUM EXCRETION

Regression analysis of faecal fat versus urinary
oxalate excretion for the 15 balance periods in the
six patients demonstrated a significant positive
linear relationship (r = 0-82; p < 0-01) (Fig. 1).
A significant negative linear relationship (r = - 0-63;
p < 0-05) was observed between the amount of fat
in the stool and the quantity of calcium excreted in
urine (Fig. 2). Mean urinary calcium excretion in the
four patients with sprue was low (0 50 ± 0 04 mmol
(20-0 ± 1 8 mg) per 24 hours) during periods when
fat malabsorption was most severe, but it increased
(1-32 ± 0-21 mmol (52.9 ± 8-5 mg) per 24 hours)
when fat absorption improved (P<0.01).
A significant negative linear relationship

(r = - 0-76; p < 0-01) was also present between the
amounts of calcium and oxalate excreted in urine
daily (Fig. 3). Thus, patients with hyperoxaluria had
the most severe fat malabsorption and lower urinary
calcium excretion.

Dietary oxalate is poorly absorbed from the normal
intestinal tract (Archer et al., 1957). Paradoxically,
resection of an extensive amount of distal ileum
results in increased oxalate absorption and hyper-
oxaluria (Chadwick et al., 1973; Stauffer et al.,
1973; Earnest et al., 1974). Hyperoxaluria has also
been described in other patients with a variety of
intestinal diseases, including small bowel bypass
(Dickstein and Frame, 1973; O'Leary et al., 1974;
Fikri and Casella, 1975), pancreatic insufficiency
(Stauffer et al., 1974), intestinal pseudo-obstruction
(Smith et al., 1972), Crohn's disease (Dowling et al.,
1971; Smith et al., 1972; Earnest et al., 1973), and
coeliac sprue (Smith et al., 1972; Stauffer etal., 1974).
In this diverse group of diseases, malabsorption of
fat appears to be the common denominator associ-
ated with excessive absorption of dietary oxalate.
Our study has specifically confirmed this relation-
ship in that, during a metabolic constant diet, hyper-
oxaluria developed in patients with coeliac sprue
only when severe steatorrhoea was present.

In our sprue patients, increased intestinal absorp-
tion and renal excretion of dietary oxalate did not
occur until fat excretion exceeded approximately 18
to 20 g daily. (Fig. 1) The two patients with derma-
titis herpetiformis had normal fat absorption and
urinary oxalate excretion despite histological ab-
normalities in their jejunum identical with that in the
sprue patients (Brow et al., 1971). Abnormal jejunal
mucosa does not lead to increased intestinal oxalate
absorption in itself. In the one patient (no. 4) with
refractory sprue, both jejunal and ileal mucosa
remained histologically abnormal despite a strict
gluten-free diet; nevertheless, the same reciprocal
relationship was present between faecal fat and
urinary oxalate.

It is paradoxical that increased absorption of
food oxalate occurs in a setting where other con-
stituents of the diet, especially fat, are severely
malabsorbed. This may relate to a change in oxalate
solubility (Binder, 1974; Earnest et al., 1975b). In
the normal situation, oxalate is released from food
during digestion and precipitates from solution as an
insoluble calcium salt. However, when there is
severe fat malabsorption, large amounts of fatty
acids remain in the intestinal lumen and precipitate
with ionised calcium to form calcium soaps of the
fatty acids. This decreases intraluminal calcium
ion activity and, secondarily, decreases formation of
insoluble calcium oxalate. The net result is formation
of more soluble oxalate salts which remain in solu-
tion available for absorption. Recent studies (Binder
1974) have demonstrated that soluble oxalate salts
are absorbed across intestinal mucosa by a passive,
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energy-independent process. Therefore, severe fat
malabsorption could enhance oxalate absorption
simply by increasing the quantity of dietary oxalate
remaining in solution. By this same mechanism,
calcium absorption would also be impaired because
of precipitation of calcium from solution by the
malabsorbed fatty acids (Agnew and Holdsworth,
1971; Bliss et al., 1972). Indeed, urinary calcium
excretion, which roughly reflects intestinal calcium
absorption, was lowest in our patients when fat
malabsorption and urinary oxalate excretion was
most raised.
The colon has been suggested as the major site of

absorption of excess oxalate in other patients with
enteric hyperoxaluria (Chadwick et al., 1973; Earnest
et al., 1974). The strongest evidence for this is the
absence of hyperoxaluria in patients with ileostomy,
ileal resection, and fat malabsorption (Earnest et al.,
1974). Studies of regional differences in oxalate
absorption in rat intestine also support the concept
that increased oxalate absorption with fat malab-
sorption occurs primarily in the colon (Saunders
et al., 1975; Dobbins and Binder, 1976). In the rat
jejunum and ileum, oxalate absorption parallels
water absorption. In contrast, oxalate absorption in
the colon appears to be enhanced by fatty acids
despite depressed net water transport (Saunders
et al., 1975). A similar mechanism may operate in
the human colon.

In our patients, excessive jejunal absorption of
oxalate is unlikely for these reasons: (1) absorption
of soluble oxalate is directly related to water absorp-
tion (Binder, 1974; Saunders et al., 1975); (2) net
secretion of water and electrolytes has been demon-
strated in the jejunum of patients with coeliac
sprue (Fordtran et al., 1967; Kumar et al., 1974);
(3), large amounts of luminal fatty acid depress net
water transport in the human small bowel (Ammon
and Phillips, 1972; Ammon and Phillips, 1973).

It is possible that absorption of water and oxalate
is enhanced in the ileum of sprue patients because
intestinal perfusion studies have shown increased
ileal water and electrolyte absorption in sprue
(Silk et al., 1975). But whether this occurs after a
meal is unclear, as malabsorbed fatty acids depress
ileal as well as jejunal water transport (Ammon and
Phillips, 1974). Enhanced ileal water absorption is an
unlikely explanation for the hyperoxaluria of our
patient no. 4, with flat ileal mucosa.

In summary, the effect of steatorrhoea on oxalate
absorption may be two-fold: (1) excessive intra-
luminal fatty acid may lead to formation of increased
quantities of soluble oxalate salts; (2) malabsorbed
fatty acids may themselves enhance colonic absorp-
tion of soluble oxalate. It appears that the necessary
ingredients for development of enteric hyperoxaluria

are adequate dietary oxalate, an intact colon, and
excessive malabsorbed fatty acid.
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