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Fat-reduced diet in the symptomatic treatment of
small bowel disease
Metabolic studies in patients with Crohns disease and in other
patients subjected to ileal resection
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From the Department of Clinical Nutrition and the Fourth Medical Clinic, Sahlgrenska Sjukhuset,
Goteborg, Sweden

SUMMARY Thirteen patients suffering from Crohn's disease or subjected to small bowel resection
were studied under metabolic ward conditions for an average of 32 days. Most of these patients had
chronic, severe diarrhoea and varying degrees of steatorrhoea. All were studied at two levels of fat
intake, 100 g and 40 g daily.

After the introduction of the low-fat diet, there was a marked reduction in the faecal excretion of
water and sodium in most patients and 10 of them passed solid faeces. Two other subjects improved
only after the addition of cholestyramine. In one patient with an ileostomy, no improvement
occurred. On the low-fat diet, there was a positive balance of nitrogen and potassium in many cases.
Faecal fat excretion decreased, but there was no change in the fractional absorption of fat.
The most gratifying improvement was seen in patients with a functioning gallbladder. Previous

resection of the colon seemed to limit the reduction of faecal water and sodium excretion which
followed the reduction in fat intake.
A fat-reduced diet is recommended in the symptomatic therapy of chronic diarrhoea in patients

suffering from diseases of the ileum.

Chronic diarrhoea, which often occurs in Crohn's
disease and after a small bowel resection, may present
a challenging therapeutic problem. In these condi-
tions, malabsorption of fat and concomitant
diarrhoea are often caused by an extensive reduction
in the small bowel absorptive surface. Severe
diarrhoea, with or without steatorrhoea, also
occurs after resection of the terminal ileum only
(Kalser, Roth, Tumen, and Johnson, 1960). Under
these conditions, diarrhoea is thought to be caused
by bile acid malabsorption and by a resulting
exposure of the colonic mucosa to these salts (Hof-
mann, 1967).
Under the above conditions, the use of a fat-

reduced diet has been recommended by several
previous authors (Haymond, 1935; Crohn, 1949;
Berman, Ulevitch, Haft, and Lemish, 1950) but
systematic studies have been few and the results
contradictory (Booth, MacIntyre, and Mollin, 1964;

Received for publication 18 February 1974.

Scheiner, Shils, and Vanamee, 1965; Bochenek,
Rodgers, and Balint, 1970; Dvorsky, 1970). Further-
more, as strict adherence to a fat-reduced diet has
often been regarded as difficult, this treatment has
not gained general acceptance.
Our previous favourable experience with a low-

fat diet in Crohn's disease and after ileal resection
(discussed by Andersson, 1973) encouraged us to
further studies on the effect of a reduction in the
dietary fat intake in patients with severe Crohn's
disease as well as in patients subjected to small
bowel resections necessitated by other disorders.
The purpose of this study is to report clinical data
and the results of metabolic studies in 13 patients
studied on a high-fat diet (100 g/day) as well as on
a low-fat diet (40 g/day).

Material

Eleven patients with Crohn's disease and two patients
previously subjected to ileal resections for other
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Patient Sex Age Diagnosis Duration Length of Small Anastomosis Gall- Nephro-
of Bowel Resection bladder lithia:si
Symptoms Disease'

Jejunum Ileum
(cm)

M 158 (a) M 61 Crohn's disease 36 35 Ileum-transverse colon - +
M 164 (b) F 27 Crohn's disease 18 S0 Ileum-caccum MX

M 170 (c) M 52 Trauma 6 135 Ileum-caecum +
M 179 (d) F 38 Crohn's disease 9 60 Ileum-transverse colon +
M 185 (e) M 25 Crohn's disease 10 160 35 Ileum-transverse colon
M 191 (f) M 33 Crohn's disease 7 140 Ileostomy +
M 195 (g) M 19 Crohn's disease 2 - None
M 198 (h) M 27 Crohn's disease 13 125 Ileum-transverse colon
M 203 (i) F 61 Crohn's disease 16 100 Ileum-transverse colon +
M 209 (j) F 33 Crohn's disease 18 125 Ileum-ascending colon +
M 210 (k) F 63 Ileus 13 55 Ileum-caecum - +
M 211 (1) F 24 Crohn's disease 2 - None (+)XX
M 216 (m) M 34 Crohn's disease 10 40 150 Ileum-transverse colon

Table I Summary of relevant clinical and laboratory data on the series ofpatients
_ = normal radiograph 2c = contaminated
+ = cholecystectomy
(+)x = gallbladder not opacified at oral cholecystography
(+)- = cholelithiasis in functioning gallbladder

reasons were admitted to our metabolic ward (table
I).

All patients with7Crohn's disease had ileal involve-
ment, and in nine of them an ileal resection had
been performed. The diagnosis of Crohn's disease
was made either on the basis of operation findings
in nine patients or it was highly probable as judged
by x-ray examinations in two. In patient M 170,
the ileum had been resected following damage to a
mesenteric blood vessel in a car accident. In patient
M 210, the distal ileum had been removed at an
operation for ileus caused by irradiative damage to
the gut. All patients had frequent diarrhoea except
M 209 who passed only one loose stool each morn.
ing.
The clinical data for the 13 patients are given in

table I. The number assigned to each patient is
identical to our metabolic ward registration number.
There were six women and seven men. The mean
age was 38 years. The mean duration of symptoms
in the group was 12 years. Signs of malnutrition
(reduced body weight, reduced serum albumin and/
or abnormal electrolytes) were common. In five
patients, cholecystectomy had been performed after
the start of the bowel disease. Another patient had
no opacification of the gallbladder as revealed at
cholecystography and one had a gallstone. Two had
had nephrolithiasis. Biopsies performed with a
peroral biopsy tube (Watson) at the duodenojejunal
junction showed normal bowel mucosa in all
patients. The trypsin activity in the duodenal juice
was normal in 11 patients studied. Most patients
showed a pathological Schilling test and/or d-
xylose absorption.

'n = normal 'only 5 g d-xylose orally

Medical Treatment

All medicaments were withdrawn in the study except
codeine forM 191 and M210. Intravenousmagnesium
therapy was given to M 158 because of hypomag-
nesaemia and to M 210 who also was given sodium
bicarbonate because of renal tubular acidosis.
Furthermore, some patients received vitamins and
iron. In two patients, M 164 and M 179, Cuemid
(cholestyramine) had to be introduced after four
periods on a fat-reduced diet. A dose of 4 g, two or
three times a day, was given.

Diets

On the basis of the results ofa pilot study (Andersson,
1973) we decided to study our patients at two fat
intake levels: 100 g and 40 g. In the present study, the
daily mean intake of energy and nutrients of the
patients at home was estimated from their dietary
histories (the intake of energy, protein, and fat is
given in table II). From these histories, individual
menus were worked out according to the patient's
taste and appetite. The same menu was used every
day for each fat level and was prepared according
to metabolic ward conditions (Isaksson, Sjdgren,
and Weimers, 1965). The menus were regarded to
be sufficient with respect to energy and nutrients for
a sedentary hospital life. The fat content of the diet
during the first two to four four-day periods was
fixed at 100 g a day, high-fat diet, later reduced to
40 g a day, fat-reduced diet. The fat-reduced diet
was given for 16 to 24 days. In patient M 203 only
a 12-day study was performed.
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Weighti Total Body Total Body B1, Urinary Alkaline Albumin Serum Mg Other Low
Length Potassium Water (I)' Absorption D-xylose Phosphatase (n > 3-8 (n > 1-4 Electrolytes
(kg/cm) (m-equiv)' (°' Excretion (n 6 8 IE), g/100 mt)a m-equivl)a

(n > 5 g/5 hr)

55/166 2560 40 0 n n 2-4 0.7 Ca 3.0
48/162 1650 23 1 n 9 3-8 1-3 K 31 Ca 4.5
65/172 3520 47 1 3-3 n n 1-2 K 38
49/169 2500 36 15 5S0 n n n Na 138 Ca45
61/177 3060 48 8 n n n n Na 136
58/170 3430 38 2 3-8 n n n Na 135
57/175 2990 48 10 n n 3-4 1-3 Na 138 Ca 4-4
76/179 3700 56 1 n 13 3.5 n Ca 4-1
52/167 2080 33 0 3-2 9 n 1-0
52/163 2110 28 2 3.4 n n n
31/162 1290 25 1 0.54 n 3-3 1-1 Na 139 Ca 4-5
56/160 C C 1 49 n 3-7 1-2 Na 137
651183 C C - 4.5 n n n Na138Ca4-5

Table I Summary of relevant clinical and laboratory data on the series ofpatients

The fat-reduced diet was composed by reducing
butter, margarine, and oil to a total of 10 to 15 g/day.
Fats with polyunsaturated fatty acids dominated.
Boiling and grilling were preferred and frying was
avoided. To compensate for the caloric loss caused
by the fat reduction, proteins and carbohydrates had
to be increased. Lean meat and fish were used in
high quantities. Ordinary milk was changed to skim
milk. Potatoes, rice, spaghetti, fruit, and vegetables
(when tolerated) were used in relatively large
quantities. Between meals, bread without butter,
but with lean meat, low-fat cheese, or marmalade
was served. When eggs were used in preparing food
the yolk was discarded.

After the study dietary prescriptions for 40-g fat
diets were worked out for each patient by a trained
dietitian. The mean polyunsaturated fat content of
these prescriptions turned out to be 3-6 g/day (range
1-3-5-2 g/day). The diets were adequate with regard
to their content of essential nutrients, ie, they

corresponded to the recommendations of the
Swedish expert group for the coordination of hos-
pital diets (Isaksson, 1973).

Methods

The balance studies were performed during four-day
periods according to Isaksson and Sjogren (1967),
using carmine red as markers of faeces. Faeces were
homogenized as described by Isaksson (1962). Food
mixtures identical to the patient's menus were
prepared for analysis and were then homogenized
(Isaksson, Sjogren, and Weimers, 1965). Repre-
sentative samples of homogenized food and faeces
were freeze dried before being analysed. For nitrogen
analysis, aliquots of freeze-dried food and faeces
were predigested with sulphuric acid and hydrogen
peroxide. A Technicon AutoAnalyzer with a Helix
digestor according to the method of Marten and
Cantanzaro (1966) was used to determine nitrogen.

Patient Kcal At Home Kcal High-fat Diet Kcal Fat-reduced Diet
Fat Protein'

Fat Protein Fat Protein' (g) (g)
(g) (g) (g) (g)

M 158 4750 225 180 2400 95 120 2700 40 ISS
M 164 3450 150 70 2000 100 70 1700 40 70
M 170 3800 175 120 2750 100 130 2850 40 160
M 179 3350 1SS 100 2100 100 70 2200 40 100
M 185 3100 ISS 105 2350 90 85 2150 40 95
M 191 4250 185 115 3050 105 110 3050 40 170
M 195 2800 90 100 2650 100 75 3150 40 145
M 198 3550 170 95 3250 100 145 2850 45 145
M 203 2600 120 80 2200 100 70 1700 40 75
M 209 2450 140 45 2100 95 75 2000 40 75
M 210 2500 170 55 1950 100 70 1800 40 80
M 211 2900 150 90 2250 100 90 2250 40 110
M 216 3260 145 145 3050 100 135 3050 40 150
Mean 3290 155 100 2450 100 95 2420 40 120

Table II Calculated dietary intake of energy, fat, andprotein in 13 patients with ileal disease
'In the nitrogen balance studies periodic analyses of the nitrogen content of the diets were performed and used in the calculations.
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The same digest was used to determine potassium
in the diet (Eppendorf flame photometer). Potassium
in faeces and sodium in the diet and faeces were
determined by flame photometry after extractionwith
0.75 N nitric acid. To determine calcium (Isaksson,
1968) and phosphorus (Fiske and SubbaRow, 1925)
the freeze-dried samples of diet and faeces were
dry-ashed at +500C and dissolved in 0.1 N HCI.
The fat content of the diet was calculated using food
composition tables (Abramson, 1971). The fat
content of the faeces was determined according to
the method of Kamer, Huinink, and Weyers, 1949.

Except in the first three patients (M 158, M 164,
and M 170) the total body potassium was deter-
mined in a whole body counter (Arvidsson, Skold-
born, and Isaksson, 1972). Determinations of total
exchangeable potassium in the first three patients
and of the total body water in all the patients were
performed by using an isotope dilution technique
(42 K and THO) as described by Isaksson (1967).

Results

The general condition improved considerably in
most patients on the fat-reduced diet. Two patients
(M 164 and M 179), however, also required the
addition of cholestyramine. Three patients gained
weight considerably (4 kg in one month). The mean
weight gain was 1-5 kg despite a caloric intake much
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lower than the patients had taken at home (table
II). The fat intake at home averaged 150 g, while
the protein intake was of the same amount as in the
study.

STEATORRHOEA, DAILY NUMBER OF BOWEL
MOVEMENTS, AND FAECAL EXCRETION OF
WATER
On a daily intake of 100 g fat (high-fat diet), the
mean daily fat excretion for the group was 23 g
(fig 1). Eight patients showed marked steatorrhoea
(15-55 g/day) but, in four subjects, the average fat
excretion was less than 12 g/day. Introduction of the
low-fat diet (reduced-fat diet) lowered the faecal
fat excretion to an average of 10 g/day. During the
last four-day period of the study the mean excre-
tion of fat decreased to 9.0 g/day, corresponding to
23% of the intake. On the fat-reduced diet, the fat
excretion was less than 12 g/day in 11 patients but
amounted to 32 g in M 210. In two subjects, M 164
and M 179, the fat output increased following the
administration of cholestyramine.
On the high-fat diet, all patients showed watery

diarrhoea and the number of daily stools varied
considerably (1 -2-9.5). There was often an immediate
decrease in the number of bowel evacuations after
the start of the fat-reduced diet, and all patients
except three passed formed faeces. Patients M 164
and M 179 passed solid faeces also when given
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Fig 1 Faecal fat excretion, incidence ofbowel evacuations, andfaecal water output on a diet of100 gfat (FH), 40 g
fat (FR), and 40 g fat with added cholestyramine (FR + C) in 13 patients with (-) or without (-- -) a functioning
gallbladder.
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Nitrogen in faeces Potassium infaeces Sodium in faeces

FH FR FR+C . FH FR FR.C FH FR FR.C

~4h
9 90 180 Fig 2 Faecal nitrogen and

., electrolytes on a diet of 100 g fat
8- 80 160 fo' (FH-), 40 g fat (FR), and 40 gfat

with added cholestyramine (FR + C)
in 13 patients with (-) or without

7 70 140 -- -) a functioning gallbladder.

6c fy 60e b- 120P

5ibe n 50- 100

4 -40 c 80 \
k 1

k h

13paietshwdol w al oe oeet

3A e 30M 9 g 60r

2 20n a 40tdf
k

1- 10- 20- h lk

cholestyramine. Patient M 191, who had been
subjected to colectomy, continued to have a watery
ileal effluent. On the fat-reduced diet, eight of the 200-
13 patients showed only two daily bowel movements
or less.

All patients except M 209 initially passed large
volumes of faeces (300-1700 ml/day). After the
introduction of the fat-reduced diet, there was a 150-
marked reduction in the faecal water excretion in
those patients who excreted more than 300 mI/day
water when taking the high-fat diet. In the colecto- cr/
mized patient M 191, however, the faecal water E
excretion did not change significantly. For the group i
as a whole, the average decrease in water excretion z 100
amounted to 29% (patient M 191 excluded). A X
comparison between the periods on the high-fat /
diet and the last four-day period on the fat-reduced
diet showed this figure to be 36%.

50- .
FAECAL NITROGEN AND ELECTROLYTES *
On the high-fat diet, the faecal excretion of nitrogen *
was high in all patients and varied between 2.7 and *
5.8 g/day (fig 2). In six subjects, the faecal nitrogen
excretion exceeded 25% of the intake. After the /
introduction of the fat-reduced diet, all patients still 500 1000 1500
showed an abnormally high nitrogen excretion of Faecal water1m/24h
2.1 to 7.0 g/day. As the protein content of the fat-
reduced diet was increased in most cases (table II), Fig 3 Relation between faecal electrolytes andfaecal
the fraction of ingested nitrogen excreted with the water on a diet of 100 g fat (dots) and 40 g fat (stars).
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faeces decreased and amounted to at least 20% of the
intake.
On the high-fat diet, the faecal excretion of

potassium was--also abnormally high in all cases
exceptM 209 and ranged from 24 to 60 m-equiv/day.
Although it decreased somewhat (mean: 10 m-equiv/
day) in all patients except two (M 164 and M 210),
the potassium excretion was still high in all subjects
on the fat-reduced diet.
The faecal sodium excretion was high in all

patients and varied between 9 and 161 m-equiv/day
(normal value 2-m-equiv/day). On the fat-reduced
diet, it decreased in all subjects except M 191 and
amounted to a mean of 11 % of the intake in the
other patients. There was a highly significant
correlation between the electrolyte content and the
water content of the faeces before as well as after
the introduction of the low-fat diet (fig 3).

NITROGEN AND POTASSIUM BALANCE
STUDIES
The nitroge balance was positive in all patients
during the whole study except in M 158 who was
in a slightly negative balance on the high-fat diet
(table III). The protein content of the fat-reduced
diet was higher in most cases (table II). After the
introduction of this diet, the nitrogen balance im-
proved in 11 of 13 subjects.
The total body potassium increased in 12 patients,

the increase being considered significant in five
subjects (M 158, M 170, M 185, M 195, and M 198).
A theoretical nitrogen balance can be calculated
on the assumption that the increase in the body
potassium was caused by an increase in the body
cell mass and that 1 g of nitrogen corresponds to
3 m-equiv of potassium. The difference between the
nitrogen balance actually measured and the theoreti-

Patients Diet Days Ncum (g) 4K.(m-equiv) Nacum(m-equiv) 4BW (kg)

M 158 HF 12 - 5 + 125 -1-1
FR 28 + 60 + 350 +14
S:a 40 + 55 + 480(40d) + 475 +0-3

M164 HF 8 + 20 + 55 -0.5
FR 16 + 50 + 145 -04
FR+C 4 - 5 - 60 -03
S:a 28 + 65 + 240 (21 d) + 140 -1*2

M170 HF 12 + 15 + 45 -05
FR 24 +125 + 735 +10
S:a 36 +140 + 460 (33 d) + 780 +0O5

M 179 HF 8 + 20 + 195 +05
FR 20 + 65 + 270 -0-9
FR+C 8 + 20 + 65 -0-5
S:a 36 +105 + 210 (34 d) + 530 -0-9

M 185 HF 12 + 75 + 300 +0-8
FR 16 +115 + 340 -0-4
S:a 28 +190 + 300(21 d) + 640 +0-4

M 191 HF 12 + 20 + 50 +0-8
FR 24 +175 +1310 +3-3
S:a 36 +195 + 90 (29 d) +1360 +4-1

M 195 HF 12 + 20 + 535 +1-1
FR 20 +125 + 730 +3-1
S:a 32 +145 + 380 (26 d) +1265 +4-2

M 198 HF 16 +180 + 560 +2.1
FR 16 +195 4 820 +2-3
S:a 32 +375 + 330 (31 d) +1380 +4.4

M 203 HF 8 + 20 + 115 -0-2
FR 12 + 20 + 165 -0-2
S:a 20 + 40 + 30 (13 d) + 280 -0-4

M 209 HF 12 + 20 + 170 -0-4
FR 20 + 50 + 580 +0-5
S:a 32 + 70 + 90 (32 d) + 750 +0-1

M 210 HF 8 + 20 + 460 +2-4
FR 24 + 45 + 825 +2-9
S:a 32 + 65 + 90 (28 d) +1285 +5.3

M 211 HF 12 + 35 + 160 +0-2
FR 20 + 80 + 480 +1-6
S:a 32 +115 Contaminated + 640 +1-8

DM 216 HF 12 + 35 + 335 -0-6
FR 16 +105 + 665 +2-2
S:a 28 +140 Contaminated +1000 +1-6

Table III Nitrogen and sodium cumulative balances (Ncum, Nacum), changes in total body potassium (zlKe), and
body weight (4BW) in 13 patients with ileal disease on a 100-g fat diet (HF), 40-g fat diet (FR) or a 40-g fat diet with
added cholestyramine (FR+C)
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cal nitrogen balance expresses dermal nitrogen losses
(Isaksson and Sjogren, 1967), intracellular deficits
of potassium, and/or an extracellular deficit of
protein.

SODIUM BALANCE
A surprisingly high sodium retention was found
in many patients (table III). These figures cannot
be explained by changes in the dermal loss. The high
sodium retention found in some patients does not
correspond to changes in extracellular water
expressed by body weight changes. However, in
eight patients with low Na/S (< 140 m-equiv/l) a mean
increase of 3 m-equiv/l occurred.

CALCIUM AND PHOSPHORUS BALANCE
The duration of the calcium and phosphorus balance
studies was found to be too short for evaluation
according to our criteria(Isakssonand Sjogren,1967).
The faecal calcium excretion in all patients was high
and approached the intake. Urinary calcium was
low in most patients, below 50 mg/day in seven
patients on the high-fat diet and in five on the fat-
reduced diet.

SIGNIFICANCE OF A FUNCTIONING
GALLBLADDER
The six patients with a functioning gallbladder (and
without gallstones) showed a better clinical im-
provement on the fat-reduced diet than those whc
were cholecystectomized and/or showing a non-
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Fig 4 Faecal water volumes on different dietary fat
intakes in relation to colon resections performed in
16 patients with ileal disease. The letters (see table I)
refer to patients in this study and the stars to patients
with Crohn's disease in a pilot study (Andersson, 1973).
Hatched columns, high-fat diet; black columns,
low-fat diet.

functioning gallbladder. The body weight increased
in the former patients by an average-of 2.7 kg
compared with 0-6 kg in the other patients. The
number of bowel evacuations, the amount of
faecal water (fig 1), and faecal sodium (fig 2) on
the fat-reduced diet were less in patients with a
functioning gallbladder than in patients without.
These differences were pronounced even if the
colectomized patient M 191 was excluded.

It should be noted that the two patients who
needed cholestyramine had a non-functoning gall-
bladder.

THE ROLE OF THE COLON AND THE
ILEOCAECAL SPHINCTER
On the high-fat diet, there was no correlation between
faecal water volumes and the length of the colon
resected (fig 4). The introduction of the fat-reduced
diet caused the most obvious decrease in the faecal
output of water in patients with an intact colon (and
remaining ileocaecal valve).

Discussion

The decrease in the daily number of stools which
occurred in most patients shortly after the intro-
duction of a low-fat diet was gratifying and often

A impressive. The passage of solid faeces in 12 of the
present 13 patients was indeed encouraging to these
subjects who had suffered from continuous diarrhoea
for many years.
As expected, the decrease in the faecal volume

corresponded to a decrease in the daily faecal
excretion of water and electrolytes. The correlation
between faecal water and the faecal excretion of
sodium and potassium shown in fig 3 has previously
been demonstrated in diarrhoea of a different
aetiology (Fordtran and Dietschy, 1966).
A normal colon has a great capacity to absorb

sodium and water (Levitan, Fordtran, Burrows, and
Ingelfinger, 1962). Strong evidence shows that the
bile salts play a role in the pathogenesis of diarrhoea
in diseases of the ileum. Malabsorption of these acids
in the distal part of the ileum permits the passage
of bile salts to the cdlon, where chenodeoxycolic acid
is probably the offending factor in the diarrhoea
(Mitchell and Eastwood, 1972; Mitchell, Findlay,
Prescott, Eastwood, and Horn, 1973). It is con-
ceivable, therefore, that the favourable effect of the
fat-reduced diet could-at least in part-be ex-
plained by a decreased exposure of the colonic
mucosa to bile acids. Thus, the secretion of bile
acids can be expected to decrease when the intake
of fat is reduced as shown in primates (Small,
Dowling, and Redinger, 1972). The finding that the
most significant clinical effect occurred in patients
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with a normal gallbladder function may also be
explained by the fact that a larger part of the bile
salt pool remains in the gallbladder when the
patient is on a fat-reduced diet.
Many of our patients had been subjected to large

bowel resections or suffered from extensive intestinal
changes, which were followed by marked steator-
rhoea. The decrease in steatorrhoea explains
why the decreased fat intake as faecal fat, expressed
as a fraction of the dietary fat, did not change. It is
not clear whether the disappearance of the diarrhoea
was caused by the low fat intake as such limiting the
amount of fatty acids in the colon, or whether it was
due to a decreased secretion of bile acids. Studies of
the bile acid metabolism in the present patients will
be reported elsewhere.
Cummings, James, and Wiggins (1973) have

claimed that the extent of the colonic resection is
correlated with faecal weight in patients subjected to
ileal resection. In the present patients, we were unable
to demonstrate such a relationship when the fat
intake was high. On the low-fat diet, however, the
data can be interpreted as showing a smaller effect
of the diet on the faecal volume in patients with the
most extensive resections of the colon (fig 4). Thus,
the absorptive capacity of the colon might be a
limiting factor in the reduction of the water and
electrolyte excretion on the low-fat diet.
Although the present patients were often under-

weight and showed other signs of malnutrition they
did not generally show an abnormality low cell mass
as estimated from the total body potassium (table I).
In fact, the average body potassium was not signifi-
cantly different from the normal values given by
Moore, Olesen, McMurrey, Parker, Ball, and
Boyden (1963) with respect to sex, age, and body
weight. All except one patient, however, went into a
positive nitrogen balance even on the high-fat diet
and experienced subjective improvement and some
decrease in the incidence of diarrhoea. It must be
emphasized that the amount of fat in the, high-fat
diet was considerably smaller than that spontan-
eously chosen by the patients. A few of the patients
also showed low plasma albumin levels and some of
them had clinically demonstrable oedema.

After the introduction of the fat-reduced diet, the
nitrogen balance became more positive in most
cases, and cannot be explained only by the concomi-
tant increase in the protein intake. This conclusion
is supported by the fact that some patients showed
a positive nitrogen balance on an unchanged protein
intake. In this connexion, it should also be noted that
probably most patients were at least periodically in
a negative caloric balance before the study. This was
evidenced by the fact that a weight gain was often
observed on a caloric intake much lower than that

taken at home. The weight increase was usually
moderate, but it should be noted that the patients
were not fed ad libitum but were under strict meta-
bolic ward conditions. The degree to which mal-
digestion and malabsorption of protein in the
gastrointestinal tract occurred in our patients is not
known. Whether a reduction in the fat intake can
improve the efficiency of protein absorption or,
perhaps, reduce the abnormal secretion of protein
into the intestinal lumen remains to be elucidated.
From a therapeutic point of view, it is important

to note that the condition of our patients improved
markedly on a daily intake of 40 g of fat. Our
experience from the follow up of the present patients
shows that such a diet is feasible, as it is palatable
and can be arranged to suit the individual patient's
need for calories and protein. Hofmann (1972)
recommended a drastic reduction in dietary fat to
less than 5% of total calories together with the oral
administration of medium-chain triglycerides as a
supplement. Several other authors have reported on
the successful use of medium-chain triglycerides in
small bowel disease including Crohn's disease
(Zurier, Campbell, Hashim, and Van Itallie, 1966;
Winawer, Broitman, Wolochow, Osborne, and
Zamcheck, 1966; Greenberger, Ruppert, and Tza-
gournis, 1967; French, 1968; Pinter, Hyman, and
Bolanos, 1969; Sickinger, 1969; Skala, Horikova,
Krondl, Vulterinova', and gfastna', 1969; Fiasse,
Kestens, de Raeymaeker, Huaux, and de Deux-
chaisnes, 1970; Hofmann and Poley, 1972).
Few systematic studies of the effect of a more

moderate restriction in the dietary fat have been
published. Booth et al (1964) found a marked
decrease in the number of bowel movements in four
patients with extensive small bowel disease. Our
experience shows that such a diet gives favourable
results and that the addition of medium-chain
triglycerides is not necessary.

This work was supported by the Swedish Medical
Research Council j(project no. 19X-570) and by
grants from the Medical Faculty of the University of
Goteborg.

Reference

Abramson, E. (1971). Kosttabell. Bonnier, Stockholm.
Andersson, H. (1973). Treatment of steatorrhea with fat-reduced diet

in small-bowel disease. Bibl. 'Nutr. et Dieta' (Basel), 19,
64-69.

Arvidsson, B., Skoldborn, H., and Isaksson, B. (1972). Clinical
application of a high sensitivity whole body counter. In
Proceedings of the Third International Conference on Medical
Physics Including Medical Engineering. Goteborg, Sweden.

Berman, L. G., Ulevitch, H., Haft, H. H., and Lemish, S. (1950).
Metabolic studies of an unusual case of survival following-
resection of all but eighteen inches of small intestine. Ann.
Surg., 132, 64-76.

Bochenek, W., Rodgers, J. B., Jr., and Balint, J. A. (1970). Effects of



Fat-reduced diet in the symptomatic treatment of small bowel disease 359

changes in dietary lipids on intestinal fluid loss in the short-
bowel syndrome. Ann. intern. Med., 72, 205-213.

Booth, C. C., Maclntyre, I., and Mollin, D. L. (1964). Nutritional
problems associated with extensive lesions of the distal small
intestine in man. Quart. J. Med., 33, 401-420.

Crohn, B. B. (1949). Regional Ileitis. Grune and Stratton. New York.
Cummings, J. H., James, W. P. T., and Wiggins, H. S. (1973). Role

of the colon in ileal-resection diarrhoea. Lancet, 1, 344-347.
Dvorsky, A. (1970). Studies on diet in patients after massive resection

ofthe small bowel on the basis offat balance study. In Nutrition:
Proceedings of the Eighth International Congress, Prague, 1969,
edited by J. Masek, K. Ofancovi, and D. P. Cuthbertson,
pp. 500-501. Excerpta Medica, Amsterdam.

Fiasse, R., Kestens, P.-J., de Raeymaeker, L., Huaux, J.-P., and de
Deuxchaisnes, C. N. (1970). Evolution d'un cas de r6section
6tendue du grele dans la maladie de Crohn. Traitment di6t6tique
et cons6quences sur le m6tabolisme phosphocalcique. Ann.
Chir., 24, 559-563.

Fiske, C. H., and SubbaRow, Y. (1925). The colorimetric determina-
tion of phosphorus. J. biol. Chem., 66, 375-400.

Fordtran, J. S., and Dietschy, J. M. (1966). Water and electrolyte
movement in the intestine. Gastroenterology, 50, 263-285.

French, A. B. (1968). Effects of graded increments of medium chain
triglycerides on nutrient balance in subjects with intestinal
resection. In Medium Chain Triglycerides, edited by J. R.
Senior, pp. 109-119. Philadelphia University of Pennsylvania
Press.

Greenberger, N. J., Ruppert, R. D., and Tzagournis, M. (1967). Use
of medium chain triglycerides in malabsorption. Ann. intern.
Med., 66, 727-734.

Haymond, H. E. (1935). Massive resection of the small intestine.
Surg. Gynec. Obstet., 61, 693-705.

Hofmann, A. F. (1967). The syndrome of ileal disease and the broken
enterohepatic circulation: Cholerheic enteropathy. Gastro-
enterology, 52, 752-757.

Hofmann, A. F. (1972). Bile acid malabsorption caused by ileal
resection. Arch. intern. Med., 130, 597-605.

Hofmann, A. F., and Poley, J. R. (1972). Roleofbileacidmalabsorption
in pathogenesis of diarrhea and steatorrhea in patients with
ileal resection. I. Response to cholestyramine or replacement
of dietary long chain triglyceride by medium chain triglyceride.
Gastroenterology, 62, 918-934.

Isaksson, B. (1962). Simple device for homogenizing and sampling of
feces in a closed system. Scand. J. clin. Lab. Invest., 14, 416-417.

Isaksson, B. (1967). The effect of a restricted water intake on the body
composition in young females on rations of moderate or high
nutritive value. Bibl 'Nutr. et Dieta' (Basel), 9, 183-199.

Isaksson, B. (1968). The flame-photometric determination of calcium
in serum, urine, faeces and food. J. med. Lab. Technol., 25,
119-124.

Isaksson, B. (1973). Clinical nutrition. Requirements of energy and
nutrients in diseases. Bibl. 'Nuttr. et Dieta' (Basel), 19, 1-10.

Isaksson, B., and Sjogren, B. (1967). A critical evaluation of the
mineral and nitrogen balances in man. Proc. nutr. Soc., 26,
106-116.

Isaksson, B., Sjdgren, B., and Weimers, G. (1965). On the concept
'Constant diet' in metabolic balance studies. Bibl. 'Nutr. et
Dieta' (Basel), 7, 175-185.

Kalser, M. H., Roth, J. L. A., Tumen, H., and Johnson, T. A. (1960).
Relation of small bowel resection to nutrition in man. Gastro-
enterology, 38, 605-615.

Kamer, J. H. Van de, Huinink, H. ten B., and Weyers, H. (1949).
Rapid method for the determination of fat in feces. J. biol.
Chem., 177, 347-355.

Levitan, R., Fordtran, J. S., Burrows, B. A., and Ingelfinger, F. J.
(1962). Water and salt absorption in the human colon. J. clin.
Invest., 41, 1754-1759.

Marten, J. F., and Catanzaro, G. (1966). Fundamental studies in
automatic nitrogen digestion. Analyst, 91, 42-47.

Mitchell, W. D., and Eastwood, M. A. (1972). Faecal bile acids and
neutral steroids in patients with ileal dysfunction. Scand. J.
Gastroent., 7, 29-32.

Mitchell, W. D., Findlay, J. M., Prescott, R. J., Eastwood, M. A.,
and Horn, D. B. (1973). Bile acids in the diarrhoea of ileal
resection. Gut, 14, 348-353.

Moore, F. D., Olesen, K. H., McMurrey, J. D., Parker, H. V., Ball,
M. R., and Boyden, C. M. (1963). The Body Cell Mass and
its Supporting Environment. Philadelphia, Saunders.

Pinter, K. G., Hyman, H., III, and 15olanos, 0. (1969). Fat and
nitrogen balance with medium chain triglycerides after massive
intestinal resection. Amer. J. clin. Nutr., 22, 14-20.

Scheiner, E., Shils, M. E., and Vanamee, P. (1965). Malabsorption
following massive intestinal resection. Amer. J. Clin. Nutr.,
17, 64-72.

Sickinger, K. (1969). Die Behandlung der chologenen Diarrhoe and
Steatorrhoe des enteralen Gallensaure verlustsyndroms mit
Cholestyramin und mittelkettigen Triglyceriden. Dtsch. med.
Wschr., 94, 1151-1157.

Skala, I., Hork6kovai, J., Krondl, A., Vulterinova, M., and §iastna,
R. (1969). Medium chain triglycerides (MCT) in the realimen-
tation of patients with malabsorption: Nitrogen balance,
composition of faeces and serum lipoid levels. Bibl. 'Nutr. et
Dieta' (Basel), 11, 161-172.

Small, D. M., Dowling, R. H., and Redinger, R. N. (1972). The
enterohepatic circulation of bile salts. Arch. intern. Med.,
130, 552-573.

Winawer, S. J., Broitman, S. A., Wolochow, D. A., Osborne, M. P.,
and Zamcheck, N. (1966). Successful management of massive
small-bowel resection based on assessment of absorption
defects and nutritional needs. New Engl. J. Med., 274, 72-78.

Zurier, R. B., Campbell, R. G., Hashim, S. A., and Van Itallie, T. B.
(1966). Use of medium chain triglyceride in management of
patients with massive resection of the small intestine. New
Engl. J. Med., 274, 490-493.


