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Energy content of stools in normal healthy controls
and patients with cystic fibrosis

J L Murphy, S A Wootton, S A Bond, A A Jackson

Abstract
Stool energy losses and the sources of energy
within the stool were determined in 20 healthy
controls and 20 patients with cystic fibrosis
while on their habitual pancreatic enzyme
replacement treatment. Stool energy losses
were equivalent to 3-5% of gross energy intake
in healthy children (range 1-3-5-8%). Despite
a comparable gross energy intake, stool
energy losses were three times greater in
patients with cystic fibrosis than controls
averaging 10-6% of gross energy intake (range
4-9-19-7%). Stool lipid could account for only
29% and 41% of the energy within the stool in
controls and patients with cystic fibrosis
respectively and was poorly related to stool
energy. Approximately 30% of the energy
within the stool could be attributable to colonic
bacteria in both the healthy children and
patients with cystic fibrosis. These results
suggest that stool energy losses in healthy
children are relatively modest but that even
when patients with cystic fibrosis are symp-
tomaticaily weli controlled on pancreatic
enzyme replacement, raised stool energy
losses may continue to contribute towards an
energy deficit sufficient to limit growth in
cystic fibrosis. As the energy content per
gram wet weight remains relatively constant
(8 kJ/g), stool energy losses may be estimated
from simple measurements ofstool wet weight.
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The amount of energy within the stool each day
in healthy adults is generally believed to be
equivalent to approximately 5% of the gross
energy intake.' As stool energy losses appear to
be relatively small and the collection and analy-
sis of faecal material is both time consuming and
unpleasant, the potential contribution that stool
energy losses may make in limiting the availabil-
ity of energy from the diet is often overlooked.
To our knowledge, there have been no studies
that have been specifically conducted to deter-
mine the magnitude of stool energy losses in
children aged between 5-16 years. Our under-
standing of both the magnitude and origins of
energy within the stool in normal healthy chil-
dren and diseased states in childhood is limited.
Further studies are required to determine
whether stool energy losses may limit the avail-
ability of energy from the diet and thereby
restrict growth.
One disease where the maldigestion and

malabsorption of lipid, protein, and carbo-
hydrate may limit the availability of energy
from the diet resulting in restricted growth is

cystic fibrosis.2 The standard approach to the
management of the gastrointestinal problems
associated with cystic fibrosis has been exo-
genous pancreatic enzyme replacement treat-
ment. In clinical practice, enzyme replacement
is primarily directed towards the symptomatic
correction of steatorrhoea, abdominal pain
relief, and the reduction in stool frequency and
stool mass passed each day. Of these, stea-
torrhoea would appear to be the most important
clinical consideration and has frequently been
used as an index of the extent of maldiges-
tion.3 4 Using this empirical approach it is
commonly assumed that when the gastrointes-
tinal symptoms and steatorrhoea are im-
proved, the amount of energy available from
the diet would be normal. However, the extent
to which stool energy losses are completely
normalised in patients with cystic fibrosis on
their habitual established enzyme replacement
has not been determined.

Therefore the aim of this study was to deter-
mine the amount of energy within the stools
each day in normal healthy children and in
patients with cystic fibrosis who believed them-
selves to be comparatively asymptomatic on
their habitual pancreatic enzyme replacement
treatment.

Patients and methods
Twenty normal healthy children aged 6-11
years (mean 9-4 years) from a local school parti-
cipated in the study. Twenty patients with
cystic fibrosis aged 5-25 years (mean II 4 years)
from a cystic fibrosis clinic in the Wessex region
were also studied on their normal established
pancreatic enzyme replacement therapy. Subject
details are shown in the table. The patients with
cystic fibrosis were taking between 11-43 (mean
22) capsules of pancreatin (Creon, Duphar:
8000 BP units lipase/capsule) each day and had
been taking the enzyme in the form of enteric
coated microspheres for at least one year before
the study. All of the patients self titrated their
enzyme dosage against gastrointestinal symp-
toms including abdominal pain, diarrhoea,
offensive bulky stools, and increased stool fre-
quency. No attempt was made to alter or inter-
vene with the management of the enzyme repla-
cement therapy. Informed consent was obtained
from all of the subjects and the study protocol
was approved by the ethical committee of
Southampton and South West Hampshire
Health Authority.
Weighed food intake was recorded for a

period of seven days in a standard manner as
described by Marr5 using digital electronic
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Details of the normal healthy controls and patients with cystic fibrosis including stool energy losses and gross energy intake

Subject Age Sex Weight Height Gross energy Stool energy Pancreatic
No (years) (kg) (cm) (kJlday) (kJlday) enzyme

replacement
treatment
(capsules
Iday)

Controls
1 6-4 F 25-4 124-7 8690 191 -
2 8-7 F 30 9 134-9 8808 363 -
3 9 9 M 303 144-2 7306 355 -
4 9 9 F 25 3 139-6 7412 160 -
5 8-1 F 25 5 129-5 8710 169 -
6 8-1 M 27-6 128-8 8951 186 -
7 11 0 F 35 0 138-9 8807 268 -
8 10-2 M 25 0 133-8 10621 412 -
9 11 1 F 36-4 142-0 9865 271 -
10 11 1 F 47-3 146-4 11191 647 -
11 7 5 M 25-4 135-7 9609 446 -
12 8-4 F 28-6 134-1 9152 123 -
13 9-7 M 33-5 136-4 10108 242 -
14 10-4 M 38-1 147-7 9179 525 -
15 7-6 M 25-8 131-5 7698 294 -
16 10-7 F 38-4 152-6 10438 506 -
17 10-3 M 35-1 148-8 10803 301 -

18 8-3 F 30 9 139-5 9051 288 -
19 11 0 M 35 4 138-7 10379 458 -
20 10-1 M 36-3 145-3 12492 530 -

Mean (SEM) 9-4 (0 3) 31-8 (1-3) 138-7 (1-6) 9464 (292) 337 (33)

Patients with cystic fibrosis
1 6-9 F 20-4 118-6 10580 2084 30
2 13-8 F 26-5 142-0 10752 1092 37
3 7*9 F 28-1 128-9 10831 1058 20
4 8-9 M 34-2 1318 9589 850 11
5 17-4 F 38-9 154-0 5904 716 23
6 10-2 F 21-8 133-0 5652 383 20
7 22-9 M 45-3 159-9 9853 1020 12
8 14-9 M 53-2 166-9 14755 1504 30
9 9 5 M 29-5 132-6 8558 1224 9
10 9 0 F 28-0 131-2 8371 1414 19
11 18-0 F 43-3 155.0 5771 963 15
12 5 3 M 20-0 112-8 5895 493 27
13 8-5 F 24-8 133-2 13954 944 14
14 5 5 M 17-5 108-5 6632 767 16
15 5-4 F 18-3 113-4 11689 575 43
16 5 8 F 18-0 109-1 7285 539 16
17 8-1 F 34-0 135-0 11389 1152 24
18 6-3 F 20-0 114-2 7763 1134 25
19 17-4 M 58-9 175-1 15907 898 15
20 25-7 F 44 0 165-3 17543 1014 23

Mean (SEM) 11-4 (1-4) 31-2 (2 8) 136-0 (4-6) 9934 (787) 991 (87) 22 (1 9)

Significance NS NS NS NS p<00001 -

NS, not significant.

scales (Hanson). The families of the subjects
were instructed in the use of the scales and the
recording of food intake before commencing the
study. They were closely monitored and given
support throughout the study period. After
completion of the record, the family was inter-
viewed to ensure that there were no omissions
or errors. The diaries were coded according to
the McCance and Widdowson food tables6 with
additional data from the supplements to the
food tables7 8 9and manufacturers' information.
The weighed food intake was analysed using
a computerised food composition database
(MicroDiet, University of Salford). Gross
energy intakes were estimated by multiplying
the intakes of lipid (39-3 kJ/g), protein (as
nitrogenx6 25; 23-6 kJ/g), carbohydrate (17-4
kJ/g) and dietary non-starch polysaccharide
(17-4 kJ/g) by their respective heats of combus-
tion values.'0

All stools were collected for the final three
days between carmine markers. The stools were
collected into polyethylene bags and immedi-
ately frozen. All the stool collections were com-
plete. All of the subjects were cooperative,
willing, and capable of following the details of
the procedure. At no time was difficulty

encountered nor any need found for modifica-
tion of the procedure to accommodate the sub-
jects. The pooled three day stools were weighed
and homogenised with distilled water. Aliquots
were then freeze dried overnight (Genevac) to a
constant weight.
The Gompertz and Sammons modification"

of the method of Van de Kamer et al"2 was
employed to measure the lipid content of the
wet stool. Total nitrogen analysis was per-
formed by an automated Kjeldahl technique
(Tecator) on a sample of the wet stool. The
energy content of the stool was measured by
ballistic bomb calorimetry'3 (Gallenkamp) on a
sample of freeze dried stool. The bacterial con-
tent ofthe dried stool was determined by repeated
fractional centrifugation using the method
developed by Stephen and Cumm ngs.14 A
freeze dried stool sample was resuspended in
formylsaline and 100/o sodium lauryl sulphate.
The amount of bacteria within the bacterial
fraction was confirmed by phase contrast
microscopy using a haemocytometer (Weber
Scientific International) to enable microscopic
counting. Of the four fractions obtained by this
method, over 990/o of the stool bacteria could be
recovered within the bacterial fraction.
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A portion of the dried bacterial mass from
each stool sample was pooled to provide a repre-
sentative sample of faecal bacteria for both the
healthy controls and patients with cystic fibro-
sis. The energy per gram of stool bacteria for
each of the pooled samples was determined by
bomb calorimetry in an attempt to estimate the
proportion of stool energy that may be attri-
buted to stool bacteria.

Values are presented as mean (SEM). Statisti-
cal comparisons between the patients with
cystic fibrosis and control subjects were per-
formed using the Student's t test and differences
between means were considered significant
where p<005. Associations between variables
were tested by the Pearson product moment
correlation coefficient (R).

Results
The gross energy intakes and stool energy losses
are shown in the table for both healthy controls
and patients with cystic fibrosis. There was no
significant difference in gross energy intakes for
both the healthy control subjects and the
patients with cystic fibrosis (9-46 (029) com-
pared with 9 93 (079) MJ/day; this was not sig-
nificant). In healthy control children stool
energy averaged 034 (0-03) MJ/day, 3-5% of
the gross energy intake (range 1-3-5-8%; fig 1).
In contrast, the stool energy losses were three
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Figure I Daily stool energy losses expressed as MJ/day and as a % ofthe gross energy intake
for each ofthe control subjects and cysticfibrosis patients. The bars represent the mean values.

times greater in patients with cystic fibrosis
than controls (099 (0109) MJ/day; p<00001),
10-6% of the gross energy intake (range 4-9-
19-7%; p<00001). In patients with cystic fibro-
sis, dry stool weight and wet stool weight were
approximately twice as great as the controls
(37 9 (3 6) compared with 16-8 (1-8) g;
p<0 0001 and 120-8 (9-8) compared with 69-3
(8-2) g; p<0 001).
The amount of lipid within the stool of heal-

thy control children averaged 2-2 (0 2) g/day,
2-9% of the lipid intake (range 1-3-4-4%; fig 2).
In patients with cystic fibrosis stool lipids were
four times greater than in the controls (9-9 (1-2)
g/day; p<0-0001), equivalent to 14-6% of the
lipids intake (range 2-8-37-90/o; p<0 0001).
Nitrogen in the stool of healthy control children
averaged 1P1 (0-1) g/day, 10-8% of nitrogen
intake (range 4-9-19-1%; fig 2). In patients with
cystic fibrosis stool nitrogen was twice as great
as the controls (2-5 (0-5) g/day; p<001),
equivalent to 22-5% of nitrogen intake (range
4-0-59 90%; p<0 01).
There were weak associations between stool

lipid and stool energy with only 26% and 19% of
the variance in stool energy attributable to dif-
ferences in stool lipid for both the control sub-
jects and patients with cystic fibrosis respec-
tively (R=0-51 and R=0-43; fig 3). Stool lipid
accounted for significantly more of the stool
energy in the patients with cystic fibrosis (41%)
than healthy controls (29%; p<0.05).
While stool lipid was a poor predictor of stool

energy, a closer association could be demons-
trated between stool energy and either the wet
weight or the dry weight of the stool in both the
control subjects (R=0-77, R=0-98 respectively;
fig 4 and 5) and patients with cystic fibrosis (R=
0-86, R=0-98 respectively). Approximately
59% and 74% of the variance in stool energy
could be attributed to differences in wet stool
weight in the control and cystic fibrosis patients
respectively. For both groups, 96% of the
variance in stool energy could be attributed to
differences in dry stool weight.
The regression lines describing the associa-

tion between the energy content and the dry
weight of stool were similar for the control sub-
jects and the patients with cystic fibrosis. For
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Figure 2 Daily stool lipid and nitrogen losses (glday) for each ofthe control subjects and
cysticfibrosis patients. The bars represent the mean values.
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Figure 4 Stool energy losses versus stool dry weightsfor the
control subjects and the cysticfibrosis patients.
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Figure S Stool energy losses versus stool wet weightsfor the
control subjects and the cysticfibrosis patients.

the control subjects the regression equation
describing the relationship between stool energy
and dry stool weight was: stool energy (kJ/
day)=35-5+(stool dry weight (g/day)x 18-0);
the standard error of the estimate (SEE) was
30-6. The regression equation for the patients
with cystic fibrosis was: stool energy (kJ/day)
=78-9+(stool dry weight (g/day)x24-0);
SEE=91-4. Attempts to determine whether the
two lines were similar or represented two inde-
pendent associations using methodology descri-
bed by Zerbe et al'5 showed that the two lines
were not statistically different. As it was not
possible to differentiate between the two lines, a

single expression to describe the association
between stool energy and stool dry weight for
both subject groups was determined; stool
energy (kJ/day)=-55-7+(stool dry weightx
26 1), SEE=96-0, R2=95-3%). Stool energy per
gram of dry weight of stool was significantly
greater in the patients with cystic fibrosis com-
pared with the control subjects (27'0 (07) kJ/g
compared with 20-4 (04) kJ/g; p<0 0001).
More obvious differences between controls

and cystic fibrosis patients were observed for
the association between the energy and the wet
weight of stool (controls: stool energy (kJ/

day)=123-0+(stool wet weight (g/day)x3-1),
SEE=95-3; patients with cystic fibrosis: stool
energy (kJ/day)=68-9+(stool wet weight (g/
day)x7-6), SEE=202-0). Stool energy per gram
of wet weight of stool was significandy greater
in the patients with cystic fibrosis compared
with control subjects (8-0 (0-4) kJ/g compared
with 5-5 (0 3) kJ/g; p<00001).

In healthy controls, stool bacterial mass aver-
aged (SEM) 4-3 (0-4) g/day and was equivalent
to 27% of the stool dry weight (range 17-42%).
In patients with cystic fibrosis, stool bacterial
mass was three times greater (13-4 (2-1 g/d;
p<0001) and was equivalent to 35% of stool
dry weight (range 19-61%, p<001). Determi-
nation of the energy content of the pooled stool
bacterial mass samples showed an energy con-
tent per gram of bacterial mass of 20-4 kJ/g and
23-8 kJ/g for the pooled sample from healthy
controls and patients with cystic fibrosis respec-
tively. Using these values, the energy content of
the bacteria in each of the subjects was esti-
mated. Despite the difference in the energy con-
tent of the stool between the controls subjects
and cystic fibrosis patients, a similar percentage
of the energy in the stool could be attributed to
the bacteria (27-0 (1-6)% and 30-8 (2 8)%; this
was not significant).

Discussion
The aim of the present study was to determine
the magnitude and origins of stool energy losses
in healthy children and in patients with cystic
fibrosis on their habitual pancreatic enzyme
replacement treatment. To our knowledge, this
represents the first description of stool energy
losses in these subject groups. In healthy chil-
dren even though the energy within the stool
may be relatively small, these modest losses of
energy may be important as imbalances in the
availability of energy from the diet may be suffi-
cient to limit growth. In diseased states such as
cystic fibrosis, where there is the maldigestion
and malabsorption of lipid, protein, and car-
bohydrate, stool energy losses may be substan-
tially increased. Thus if these losses in stool
energy are left uncorrected, it is even more
likely that growth may be restricted.
Three major components are believed to con-

tribute to the energy within the stool: maldi-
gested and malabsorbed dietary residue,
endogenous secretions and cellular debris (for
example, intestinal glycoproteins and muco-
polysaccharides), and the colonic bacterial
microflora.16 17 While the relative proportions
of each component may vary with dietary
intake, the extent of maldigestion and malab-
sorption and mucus production in the gut, the
relative contribution made by each of these
components to stool energy losses in health and
disease remains unclear. Similarly, the relative
proportions of energy within the stool derived
from lipid, protein, and carbohydrate have not
been previously described.
Much of our understanding of stool energy,

lipid, and protein losses of healthy children
aged 5-16 years is derived from studies in adult
subjects where stool energy was normally less
than 1-0 MJ/day and equivalent to 5% of gross
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energy intake.' In the present study, stool
energy losses in a group of normal healthy chil-
dren averaged 337 kJ/day or 3-5% of gross
energy intake. The amount of lipid and nitrogen
within the stool in normal adults has been pre-
viously reported to be less than 5 g/day and 2 g/
day respectively in normal adults.'8 In the pre-
sent study, stool lipid and nitrogen in this group
of normal healthy children were on average 2-2
g/day and I1 1 g/day respectively. These results
for stool lipid and nitrogen are comparable with
those reported in children by other workers.'9

In contrast to the results for the normal heal-
thy children, it would appear that in the group
of cystic fibrosis patients on pancreatic enzyme
replacement therapy who believed themselves
to be comparatively asymptomatic, stool energy
losses were substantially greater and were
equivalent to between 5-200/o of the gross
energy intake. This would suggest that raised
stool energy losses may continue to contribute
in part towards an energy deficit that may be
sufficient to limit growth or cause weight loss.
We have not attempted to measure the efficacy
of pancreatic enzyme replacement, although it
is clear that in some of the patients with cystic
fibrosis the replacement regimen may be
inappropriately regulated by self titration in the
absence of gastrointestinal symptoms. As the
heterogeneity of the physical abnormalities of
cystic fibrosis may be related to a specific gene
mutation, it has been suggested that the differ-
ences in resting energy expenditure in cystic fib-
rosis may be associated with a defective gene
product (A O'Rawe et al, personal communica-
tion). In the light of this observation, it is
interesting to speculate whether the genetic
nature of the disease may account for the
increased stool energy losses within the present
group of cystic fibrosis patients.

Although previous studies examining the effi-
cacy of enzyme replacement have noted that
stool lipid losses in patients with cystic fibrosis
were approximately 12-15 g/day3 4 with nitro-
gen losses of approximately 1-2 g/day when
using pancreatic enzyme replacement therapy,20
no information on stool energy losses is avail-
able. As the stool lipid and nitogren losses in
patients with cystic fibrosis in the present study
were comparable with these values from earlier
investigations, this would suggest that the pan-
creatic enzyme replacement therapy in the cys-
tic fibrosis patients in this study reduced stool
lipid and nitrogen to similar degrees. Despite
this reduction in stool lipid and nitrogen, from
the present study it appears that stool energy
could still be equivalent to up to 20% of the
gross energy intake in cystic fibrosis patients on
their habitual enzyme replacement treatment.

It is also apparent that stool energy losses can
not be simply related to lipid losses. While it is
commonly assumed that a reduction in stool
lipid losses would also represent a small amount
of energy lost within the stool, it appears that
cystic fibrosis patients with small lipid losses
within the stool may have high stool energy los-
ses. This would also imply that a reconsidera-
tion of the present approach to address the effi-
cacy of pancreatic enzyme replacement by the
measurement of steatorrhoea may be required.

We would suggest that the routine measure-
ment of stool energy may provide a more accu-
rate assessment of the extent to which pancrea-
tic enzyme replacement treatment normalises
stool energy loss in patients with cystic fibrosis.
However, the facilities required to measure
directly the stool energy are not generally avail-
able in clinical practice. As the regression line
expressing the association between the energy
present within the stool and the wet weight of
the stool passes close to the origin, the use of a
simple ratio based upon the slope of the line
would be justified. From the data available in
this study, it would appear that 8 kJ ofenergy is
present in each gram of wet stool. With this
information, an estimate of the extent of energy
losses in the stool may be derived by simply
determining the weight of stool passed each
day. In the present group of cystic fibrosis
patients, the 95% confidence intervals for the
error in predicting stool energy loss from the
wet weight of stool using a value of 8 kJ/g stool
wet weight ranged from -12 to 6% (mean
-3%). This method may provide a more reli-
able means of evaluating the extent of maldiges-
tion and malabsorption in patients with cystic
fibrosis than the measurement of stool lipid.
The apparent constancy of the energy per dry
weight of stool in both the control subjects and
the cystic fibrosis patients would imply that the
composition of stool must remain relatively
similar between individuals despite a wide range
in stool energy losses.

It is generally assumed that all of the energy
within the stool may be attributable to maldi-
gested and malabsorbed dietary residue in cystic
fibrosis. Stool energy losses could also be
derived from endogenous secretions and cellular
debris as well as the colonic bacterial micro-
flora. Although it has not been possible to
quantify directly mucus and epithelial cells los-
ses within the faeces, this component may form
a substantial part of stool energy losses in cystic
fibrosis where mucus production is raised. It is
comparatively simple to measure the amount of
bacteria within human faeces using a novel tech-
nique described by Stephen and Cummings.'4
In the present study this method has enabled
the measurement of the relative contribution
made by the bacteria to total energy lost within
the stool in both normal healthy children and
cystic fibrosis patients. To our knowledge there
have been no other studies which have demons-
trated the contribution made by the bacteria to
the total energy lost within the stool.

Stephen and Cummings have shown that the
bacterial microflora represented 55% of the total
dry weight of stool in healthy male adults. 4 In
the present study, approximately 27% and 34%
of the stool dry weight were attributable to the
bacterial microflora in both the normal healthy
children and patients with cystic fibrosis respec-
tively. It appears that the bacterial microflora
could account for approximately 30% of total
stool energy losses in both the cystic fibrosis
patients and normal healthy children. This
study represents the first description of the
proportion of energy within the stool which can
be attributed to the bacteria. It is clear that a
major component of the stool is not simply mal-
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digested and malabsorbed dietary residue but
that part of the energy within the stool may be
attributable to the bacterial microflora.

In conclusion, the present study has mea-
sured stool energy losses in a group of normal
healthy children and patients with cystic fibro-
sis. The raised stool energy losses in the patients
with cystic fibrosis with their habitual enzyme
replacement therapy may contribute towards an
energy deficit that may be sufficient to limit
growth. We have shown that stool energy may
be predicted from the wet or dry weight of
stool. Estimating the energy within the stool
each day from stool wet weight may provide a
simple way of evaluating the extent to which
maldigestion and malabsorption in patients with
cystic fibrosis may be improved by pancreatic
enzyme replacement therapy. It should not be
assumed that all of this stool energy in the con-
trol subjects and cystic fibrosis patients is
simply maldigested and malabsorbed dietary
residue. It appears that the bacterial microflora
may be a major component of the energy within
the stool in both healthy children and patients
with cystic fibrosis.
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Pylorus 6 balloonists 0
If balloon dilatation can be used so successfully in the heart and
blood vessels and, indeed, in almost any tubular structure, why
not in pyloric stenosis? Canadian workers recently tried it and
unfortunately scored six own goals.
A report from Halifax, Nova Scotia (Hayashi et al, Journal of

Pediatric Surgery 1990;25:1119-21) describes the use of a balloon
in six babies with hypertrophic pyloric stenosis. In order to check
on the safety of the procedure it was done with direct observation
of the pylorus at operation. After a right upper quadrant trans-
verse incision the balloon was passed through the mouth and its
position in the pylorus was checked by the surgeon before it was
inflated.
A perforation of the mucosa occurred in one baby and in the

others the split in the pyloric muscle was deemed inadequate. In
three there was no split, in two it was partial, and the only child
with a complete split was the one with the perforation.
Hard luck! It looks as if Ramstedt's operation will have to stay,

at least for the time being.
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