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Abstract
The dual sugar test of intestinal perme-
ability is a reliable non-invasive way of
assessing the response of the small intesti-
nal mucosa to nutritional rehabilitation.
Aim—To compare a local mix of maize-
soya-egg to the standard milk diet in the
treatment of kwashiorkor.
Design—The diets were alternated three
monthly in the sequence milk-maize-
milk. There were a total of 533 kwash-
iorkor admissions of at least five days
during the study who received either milk
or maize. Intestinal permeability was
assessed at weekly intervals by the
lactulose-rhamnose test in 100 kwash-
iorkor cases, including 55 on milk and 45
on the maize diet.
Results—Permeability ratios (95% confi-
dence interval) on the milk diet improved
by a mean of 6.4 (1.7 to 11.1) compared
with −6.8 (−16.8 to 5.0) in themaize group.
The improved permeability on milk oc-
curred despite more diarrhoea, which
constituted 34.8% of hospital days (29.8 to
39.8) compared with 24.3% (17.8 to 30.8) in
the maize group. Case fatality rates for all
533 kwashiorkor admissions were 13.6% v
20.9%, respectively, giving a relative risk
of death in the maize group of 1.54 (1.04 to
2.28). The maize group also had more
clinical sepsis (60% v 31%) and less weight
gain (2.9 v 4.4 g/kg/day) than the milk
group.
Implications—Milk is superior to a local
maize based diet in the treatment of
kwashiorkor in terms of mortality, weight
gain, clinical sepsis, and improvement in
intestinal permeability.
(Arch Dis Child 1997;76:242–248)
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Childhood malnutrition is a major health
problem in Malawi. In a study of children aged
24–59 months, 69.3% of poor urban children
and 83.2% of low income rural children were
stunted (height for age <2 z scores).1 A review
of hospital admissions over 12 months in Blan-
tyre in 1992–3 revealed that severe malnutri-
tion was the principal diagnosis in 11% of all
paediatric admissions, and had a 36.4% case
fatality rate (378/1039).2 Although this indi-
cates a severe spectrum of disease, it also
suggests a need for improved case manage-
ment.

This study focuses on the diet in nutritional
rehabilitation of kwashiorkor. Milk has been
accepted as appropriate treatment of kwash-
iorkor at least since a 1956 South African study
showed improvement on skim milk without
supplemental vitamins, and a milk based
diet is still the recommended treatment.3 4

Nevertheless, there are many reports of satis-
factory results with the use of local cereal mixes
in the treatment of persistent diarrhoea and/or
malnutrition.5–7 Moreover, donor agencies at a
country level question the appropriateness of
milk in nutritional rehabilitation due to prob-
lems of lactose intolerance, cows’ milk allergy,
and the higher cost than local staple foods. The
supply of milk powder to Malawi has been cut
back by the World Food Program, so it was
important for us to study an alternative diet
based on maize, which is the staple diet in
Malawi.
The aim of this study was to evaluate the

recovery of intestinal function as measured by
the lactulose-rhamnose (L-R) test in children
with kwashiorkor on two diVerent diets of
similar energy and protein content (table 1).
One diet was the standard milk based diet; the
other a cereal-based diet of maize soya blend
(likuni phala) to which egg was added to
increase protein content and quality. These
diets were chosen as feasible alternatives in this
setting, as low lactose formulas and commer-
cial weaning foods are too expensive. A further
aim was to evaluate the importance of cows’
milk allergy with the use of milk to treat
kwashiorkor. Cows’ milk allergy is associated
with increased intestinal permeability.8

Postenteritis cows’ milk allergy is a common
feature of chronic diarrhoea leading to a biopsy
in the UK, and may contribute to persistent
diarrhoea with malnutrition in African
children.9 10

Patients and methods
Out of 149 children with kwashiorkor in whom
permeability testing was done, 76 were treated
with a milk based diet, 64 with an exclusively
maize based (milk free) diet, and nine with
both diets over a changeover period. Repeat
testing was not done in 21 children in the milk
group and 19 in the maize group due to early
death or being taken from hospital before
discharge, leaving 100 subjects for comparison.
The method of evaluating intestinal permeabil-
ity by the L-R test has been described in the
previous article, involving overnight testing for
a mean of 7.6 hours. L-R ratios were done at
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weekly intervals in hospital, with a total of 144
tests in the milk group and 117 in the maize
group.
The milk and maize diets were similar in

energy and protein densities, and were formu-
lated into two separate phases of treatment;
phase 1 for initiation of cure and phase 2 for
rapid growth, which was generally started dur-
ing the second week with clinical improvement
(table 1). The energy dense maize porridge was
thinned with germinated millet flour after
cooking to improve palatability and intake.
Lactose intolerance was not measured directly
in the study, as our initial phase 1 milk diet
contained only 14.5 g/l of lactose. However,
lactose was also measured in urine during test-
ing, and was separated from lactulose on thin
layer chromatography. After standard treat-
ment, all children received co-trimoxazole,
albendazole, and supplements of potassium,
magnesium, zinc, and other micronutrients.
Due to constraints of nursing care and logis-

tics in this setting, we could neither randomise
patients into milk and maize diets, nor blind
health workers about the diets. Consequently,
the two diets were given alternately, using only
one at a time. The timing of the maize based
diet was determined by the shortage of milk
supply. As skim milk powder from the World
Food Program was unavailable in April, we
gave the maize based diet from April to June,

which just overlapped the main seasonal
change in malnutrition prevalence (fig 1). The
milk diet, as the standard treatment, was given
January to March and July to September. The
level of nursing care was not improved for the
study, so mothers continued to feed and care
for their children in the usual manner for this
nutrition centre. Nasogastric tube feeding was
not used due to systematic refusal by mothers
at this nutrition centre. Clinical sepsis was
defined as fever, respiratory distress, a change
in mental status, shock, or any abrupt deterio-
ration in condition, but was not confirmed due
to the limited microbiology resources in this
setting. Data analysis was as described in the
preceding article.
The study was approved by the Health

Sciences Research Committee of Malawi.
Informed verbal consent was obtained in the
local language from a parent or guardian before
permeability testing, and it was made clear that
non-participation would not aVect the child’s
treatment. The maize diet in this study was
imposed by a lack of supply of dried skim milk.
It was important for us to evaluate the use of a
maize based diet in kwashiorkor as milk supply
to Nutrition Rehabilitation Centres in Malawi
was being cut back by theWorld Food Program
and periods of non-supply were increasingly
common. Thus, this study was done to see
whether a local cereal based diet was as good as
milk in the management kwashiorkor, so as to
give guidance to the Health Department and
donor agencies about food supplies to Nutri-
tion Rehabilitation Centres for the treatment of
kwashiorkor.

Results
Table 2 compares the two dietary groups on
admission, showing that the parents of the
maize group were better educated and of
higher socioeconomic status than the milk
group. There were no other significant baseline
diVerences detected between the groups.
It was evident clinically during the study that

the maize based diet was not as successful
treatment for kwashiorkor as milk. For all 533
kwashiorkor admissions of at least five days
during the study, the milk group had a lower
mortality, less sepsis, and better weight gain
than the maize group. Thus, the maize group
had a 58.1% prevalence (100/172) of clinical
sepsis compared with 45.7% (165/361) for
milk, giving a relative risk of sepsis for maize of
1.30 (95% confidence interval (CI) 1.06 to
1.58). The mean weight gain in z scores after
resolution of oedema for the milk group was
0.40 (CI 0.34 to 0.46) compared with 0.25 (CI
0.15 to 0.35) for maize (p=0.00008). The case
fatality rate was 20.9% (36/172) for maize and
13.6% (49/361) for milk, for a relative risk of
death for the maize diet of 1.54 (CI 1.04 to
2.27).
For the 100 kwashiorkor cases with repeat

permeability tests, there was also a higher
mortality rate in the maize than the milk group
(10/45 v 2/55), for a relative risk of death for
maize of 6.3 (1.4 to 25.0). This increased risk
of late death on a maize diet remained

Table 1 The energy and protein content of milk and maize based diets

Milk preparations

Ingredients (g) Energy (kJ) Protein (g)

Milk Maize Milk Maize Milk Maize

Premix (per 100 g) — — 2108 1646 18.0 11.4
Skim milk 50 — 163 — 3.96 —
Sugar 23 19 79 79 — —
Oil 27 4 223 37 — —
Maize mix* — 77 — 312 — 2.96

Phase 1 (per l) — — 2780 3049 10.2 14.2
Premix† 56.5 71.5 1193 1176 10.2 8.2
Sugar 101 101 1588 1588 — —
Egg — 50 — 286 — 6

Phase 2 (per l) — — 4763 5279 40.7 44.6
Premix† 226 286 4763 4708 40.7 32.6
Egg — 100 — 571 — 12

* Maize 80%, soya 20% as likuni phala.
† Measured by volume as 100 ml (phase 1) or 400 ml (phase 2).

Figure 1 Monthly variations in admissions and deaths for 533 kwashiorkor admissions of
more than five days’ duration from January to December 1995.
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significant on logistic regression when control-
led for diarrhoea and intestinal permeability
(see table 2 of companion paper11).
Overall on permeability testing, there was a

significant (p=0.001) mean improvement in
L-R ratios in the milk group compared with the
maize group (table 3, fig 2). After one week of
nutritional rehabilitation, the geometric mean
(95% CI) L-R ratio (×100) improved in the
milk group from 15.6 (12.4 to 19.6) to 10.2
(7.8 to 13.3), whereas it worsened in the maize

group from 17.8 (14.6 to 21.7) to 19.2 (14.8 to
25.0). The improvement in permeability in the
milk group occurred despite a significantly
(p=0.01) higher mean percentage of hospital
days with diarrhoea (34.8%, CI 29.8 to 39.8)
compared with the maize group (24.3%, CI
17.8 to 30.8). Yet for the milk group as a whole,
diarrhoea was still associated with a higher
mean L-R ratio (18.9, CI 15.3 to 23.5) than for
those without diarrhoea (9.9, CI 8.1 to11.9,
p=0.00007). During the initial low density
phase 1 diet, the diarrhoea prevalence was 60%
on the milk diet compared with 27% for maize,
whereas for both high energy phase 2 diets
(milk and maize) it was only 24–25% (odds
ratio 0.40,CI 0.23–0.65). Amilk diet remained
a significant contributor to diarrhoea on logis-
tic regression when controlled for intestinal
permeability (table 2 of companion paper11).
The mean diVerence in L-R ratio between

dietary groups was mainly accounted for by
lactulose recovery, which was 0.15% (0.12 to
0.18) for milk v 0.21% (0.17 to 0.26) for
maize. On the other hand, the improvement in
L-R ratios during nutritional rehabilitation
with milk was due to improved rhamnose
absorption (improved absorptive surface area).
Diarrhoea impaired barrier function in the
milk group as reflected by higher mean
lactulose recovery (0.19% v 0.12%, p=0.01)
whereas diarrhoea made less diVerence to lac-
tulose recovery (0.23% v 0.19%, p=0.61) in
the maize group.

Discussion
DIETARY TREATMENT

In this study, we compared a cows’ milk diet to
a 4:1 maize-soya blend with egg at a nutrition
rehabilitation centre, focusing on clinical im-
provement. Maize, the Malawian staple, has a
moderately low protein content with relative
deficiency of lysine and tryptophan. We
improved the protein quality of the maize diet
in this study by adding soya and egg. Another
approach is to use hybrid maize with the
opaque-2 gene which has higher lysine and
tryptophan content. The new quality protein
maizes cause greater nitrogen retention, less
faecal energy loss, and improved weight gain in
the treatment of malnutrition compared with
common maize.12 But enthusiasm for this
approach waned because the new maize was
not always culturally acceptable, poor subsist-
ence farmers could not aVord to grow it, and
the ‘protein fiasco’ debate played down the
importance of protein.13

Plant based diets are a cheaper source of
protein than milk, so have been used to treat
severe malnutrition. A study at a metabolic unit
in Jamaica compared cows’ milk with a soya
formula (Sobee) in terms of resolution of
wasting.14 Despite little diVerence in energy
intake, weight gain was much greater in the
cows’ milk group, which was attributed to zinc
deficiency limiting lean tissue synthesis on the
soya formula. A further study compared high
energy milk to the complex carbohydrate
pectin in an attempt to boost metabolic activity
of the colonic microflora, increase nitrogen sal-
vage, and enhance lean tissue deposition.15 But

Table 2 Baseline comparison of malnutrition cases: milk v maize based diets

Feature Milk diet (n=55) Maize diet (n=45) p Value†

Age (months)* 29.8 (25.1 to 34.6) 27.0 (19.5 to 30.8) 0.78
Travel time (min) to hospital* 59.2 (39.7 to 78.7) 65.8 (49.9 to 81.7) 0.80
Socioeconomic status score 13.6 (12.4 to 14.8) 15.4 (14.1 to 16.7) 0.04
Family size (members) 4.6 (4.2 to 5.1) 4.5 (3.8 to 5.1) 0.98
Still breast fed (%) 1 (1.8) 5 (11.1) 0.09
Previous malnutrition admission (%) 10 (18.2) 9 (20.0) 0.98
Previous child deaths (%) 25 (45.5) 14 (31.1) 0.18
Days of diarrhoea before admission 12.0 (8.2 to 15.7) 12.1 (7.5 to 16.7) 0.96
Days oedema before admission 14.2 (11.7 to 16.8) 15.0 (10.6 to 19.4) 0.75
No kwashiorkor rash (%) 24 (43.6) 22 (48.9) 0.75
AIDS (%) 11 (20.0) 11 (24.4) 0.77
Mother’s schooling (mean years) 3.1 (2.2 to 3.9) 5.3 (4.3 to 6.3) 0.001
Father has skilled job (%) 20 (37.0) 25 (55.6) 0.10
Wasting (WHZ) mean z score −1.9 (−2.2 to −1.6) −2.1 (−2.4 to −1.8) 0.36
No wasted (< −2 SD) (%) 27 (49.1) 23 (51.1) 0.91

Stunting (HAZ) mean z score −3.6 (−4.0 to −3.2) −3.4 (−3.8 to −3.1) 0.53
No stunted (< −2 SD) (%) 48 (87.3) 41 (91.1) 0.75

* Geometric mean (95% confidence interval).
† p Values are ÷2 for frequency counts and t tests for measurements (Yates’s correction).
HAZ = height for age z score; SD = standard deviation (z score);WHZ = weight for height z score.

Table 3 Results of kwashiorkor cases: milk v maize diet

Outcomes Milk diet (n=55) Maize diet (n=45) p Value

Clinical
Mortality (%) 2 (3.6) 10 (22.2) 0.01
Clinical sepsis (%) 17 (30.9) 27 (60.0) 0.01
Diarrhoea during initial week (%) 35 (63.6) 14 (31.1) 0.002
% Days with diarrhoea in hospital 34.8 (29.8 to 39.8) 24.3 (17.8 to 30.8) 0.01
Weight gain:
Mean No of days 5.3 (3.9 to 6.7) 2.7 (1.7 to 3.7) 0.01
In g/kg/day* 4.4 (3.4 to 5.5) 2.9 (2.1 to 3.7) 0.03

Days in hospital 15.5 (13.9 to 17.1) 15.8 (13.9 to 17.7) 0.81
Oedema resolved (days) 9.3 (7.7 to 10.9) 8.8 (6.6 to 11.0) 0.71

Permeability
Mean urine output (ml/kg/hour testing)* 1.29 (1.13 to 1.45) 1.21 (1.05 to 1.37) 0.51
Mean % lactulose recovery* 0.145 (0.12 to 0.17) 0.192 (0.16 to 0.23) 0.03
Mean % rhamnose recovery* 1.08 (0.90 to 1.29) 0.99 (0.83 to 1.19) 0.51
DiVerences in L-R permeability*†
Improved ratio (%) 44 (57.9) 25 (41.7) 0.09

Worsened ratio (%) 19 (25.0) 28 (46.7) 0.01
Mean diVerences in L-R ratio 6.4 (1.7 to 11.1) −6.8 (−16.8 to 5.0) 0.001

* Geometric mean (95% confidence interval), L-R ratios × 100.
† DiVerences between weekly tests 1-2 and 1-3.

Figure 2 Weekly L-R ratios fore the milk and maize based diets in 100 kwashiorkor cases.
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there was significantly less weight gain in the
pectin group, which cast doubt on the use of
locally available staples, which are rich in com-
plex carbohydrates, for promoting rapid
catch-up growth in malnourished children.
Indian and South African studies used plant
protein sources to rehabilitate malnourished
children in the 1960s, but found them less eY-
cient than milk protein in terms of oedema
resolution, rise in serum albumin, and weight
gain.16–18

Zinc deficiency is a particular concern for
cereal-legume diets due to the high phytate
content. Plant based diets are an important
source of phytic acid, a myoinositol hexaphos-
phate in fibre which is found in unrefined cere-
als (for example maize), seeds, nuts, legumes,
some fruits, and tubers. It complexes with
divalent cations, forming insoluble compounds
in the intestine which inhibit the absorption of
certain trace elements, particularly zinc. Di-
etary studies of Malawian children have docu-
mented the high phytate content of the maize
diet leading to zinc deficiency.19 Intestinal per-
meability is known to be increased with zinc
deficiency, mainly due to increased lactulose
permeation.20 In the present study, however,
zinc was unlikely to be limiting since our
subjects were supplemented with 40 mg/day
and the maize was germinated.
Germination of cereals has several advan-

tages. It acts by activating amylase and phytase
enzymes which break the starch down into
sugars and reduce the phytate content, leading
to a more liquid porridge of lower viscosity and
greater palatability. This resulted in 30–40%
increases in energy intake in studies from
Bangladesh,21 India,7 and Tanzania.22 Although
a Jamaican study did not find much increase in
mean energy intake on á-amylase ‘thinned’
maize porridge,23 it did halve mean feeding
times, which would have led to bigger diVer-
ences in intake in a setting where feeds are less
well supervised than in a research unit.
However, a definite disadvantage of cereal
based porridge compared with milk in kwash-
iorkor with severe anorexia is the diYculty with

tube feeding, as even thinned porridge is too
thick for usual nasogastric tubes.
The present study is further evidence against

a local staple diet, but in this study the focus
was on the treatment of kwashiorkor where the
main aim was clinical improvement (resolution
of oedema, infection, and anorexia) rather than
catch-up growth. Our median hospital stay for
kwashiorkor survivors was only 15 days, so
children were not kept in hospital until wasting
had resolved. Out of the 62% of children who
gained weight in hospital, the mean weight gain
after resolution of oedema was only 479 g
(414–556) and 29% of cases went home before
wasting had completely resolved. The length of
hospital treatment for severe malnutrition has
been addressed by two Caribbean studies with
conflicting results about the benefit of pro-
longed hospitalisation.24 25 In any case, pro-
longed hospital treatment until wasting has
completely resolved is not feasible in Malawi,
particularly in the AIDS era.

LACTOSE INTOLERANCE

The activity of brush border disaccharidases is
generally depressed in malnutrition, particu-
larly lactase levels in kwashiorkor.26 The sever-
ity of histological changes in the mucosa may
not correspond to lactase levels because they
may be only patchy in distribution or only
aVect microvillus surface area.27–29 On scanning
electron microscope, there may be an excess of
mucus covering the mucosal surface, loss of
glycocalyx, increased cell shedding, or adher-
ent micro-organisms on the mucosal surface.30

From a clinical perspective, disaccharidase
activity may not correlate with clinical intoler-
ance of milk, although low levels usually cause
increased stool weight. On the other hand, a
Zairean study of severe malnutrition impli-
cated dietary lactose and milk protein in aggra-
vating malabsorption, leading to dehydration,
hypokalaemia and acidosis.31 This picture of
lactose intolerance with biochemical distur-
bances from osmotic diarrhoea is also common
in rural Aboriginal Australian children with
malnutrition and breast feeding,32 but is
uncommon at nutrition rehabilitation centres
using standard dietary treatment in the devel-
oping world.Many studies have concluded that
milk was not contraindicated in severe malnu-
trition despite higher stool volumes, because it
did not hamper clinical recovery.33–35

In addition to assessment of permeability,
sugar probes can also be used to assess brush
border disaccharidases, such as by the lactose-
lactulose ratio. This ratio was not a reliable indi-
cator of lactase activity in this study because of
the diVering dietary lactose content of the diets.
Nevertheless, the excess diarrhoea in the milk
group is likely to be related to lactose intoler-
ance, since it was associated with lactosuria and
cannot be explained by seasonal factors (fig 3).
This was an unexpected finding as lactose intol-
erance did not seem to be a clinical problem
with the low lactose intake (1.7 g/kg/day) of a
phase 1 milk diet. Surprisingly, the change to
high energy milk with increase in lactose intake
to 8.7 g/kg/day was not associated with an
increase in diarrhoea, suggesting that lactase

Figure 3 Monthly variations in weight gain and diarrhoeal duration in hospital for
kwashiorkor admissions as in fig 1.
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activity improves quicker with nutritional reha-
bilitation than abnormal permeability. This is
consistent with the concept of a threshold for
lactose intolerance, which improves during the
initiation of cure.36 Although special low
lactose or elemental formulas are too expensive
for use in this setting, our results suggest that
recovery of gut integrity during the initial
treatment phase of kwashiorkor would benefit
from a lower lactose milk formula, such as
K-mix-II.37

COWS’ MILK PROTEIN ALLERGY

Allergy to cows’ milk has been another concern
about the use of milk in nutritional rehabilita-
tion of children with enteric infections. Some
children with postenteritis enteropathy in
developed countries, particularly from travel-
ler’s diarrhoea, have a superimposed cows’milk
sensitive enteropathy, related to a local gut or
even systemic immunodeficiency state.38 39 Al-
though the clinical importance of postinfec-
tious dietary protein intolerance has been
questioned,40 a London study reported that
cows’ milk sensitive enteropathy accounted for
68% (92/135) of mild-moderate enteropathy
cases with prolonged diarrhoea leading to a
biopsy.9

In the developing world, the syndrome of
persistent diarrhoea with malnutrition was
investigated in The Gambia,10 41 where the
morphological changes were consistent with a
cell mediated immune form of damage from
dietary, protozoal or bacterial antigens, which
suggested the possibility of cows’ milk protein
intolerance. Although cows’ milk allergy has
been documented in the developing world, the
circumstances have been atypical (for example
artificially fed urban infants of high or unspeci-
fied socioeconomic status).42 43

Permeability testing has been done in cows’
milk allergy with enteropathy, showing a
significant rise in ratios with milk challenge
compared to non-allergic children.8 44–46 The
clinical severity correlated directly with the
degree of abnormal permeability, which was
mainly due to increased lactulose permeation.
These findings lend plausibility to the sugges-
tion that persistent diarrhoea with malnutrition
in the African context may have an element of
postenteritis cows’ milk allergy, so we designed
the present study to examine this question.
Our results go against cows’ milk allergy

playing a significant part with the use of cows’
milk to treat kwashiorkor in this setting. The
milk group had improved permeability despite
a higher prevalence of diarrhoea than the non-
milk diet group. Although the excess diarrhoea
during the phase 1 milk diet might be
explained as milk allergy, it was too transient
for milk protein intolerance without milk with-
drawal. Moreover, kwashiorkor is a disease of
the weaning period, with a mean age of 28
months in this study, whereas cows’ milk
allergy tends to occur at a younger age. Of
course, it might also be argued that the maize
group had a food sensitive enteropathy from
soya or egg. This seems unlikely, however, as
the diarrhoea prevalence was low on that diet
and atopic manifestations are uncommon in

this setting of endemic malaria, high exposure
to bacterial infections and poor nutritional
status.47

We can only speculate about the reason for
increased intestinal permeability in kwash-
iorkor treated with a maize based diet.
Increased lactulose permeation was the main
contributor to the mean diVerence in L-R
ratios between milk and maize groups, so
rather than a poorly absorbed solute in maize
inhibiting rhamnose absorption, it suggests
that maize is associated with a defect of
mucosal barrier function. This is not likely to
be related to diVerences in micronutrient defi-
ciencies, diarrhoeal prevalence, or food allergy.
Although it is possible that some dietary com-
ponent in the maize based diet actually
damages the mucosa, it is more likely that there
are beneficial nutrients in milk which improve
the damaged mucosa, as has been found for
some luminal energy substrates of mucosal
metabolism.48 49 But if the higher rate of
diarrhoea in the milk group could be reduced,
such as by reducing the content of lactose in
phase 1 milk, then the improvement in perme-
ability of the milk group would be even greater.

METHODOLOGICAL ISSUES

This was not a randomised blinded trial, and
there were significant diVerences between the
milk and maize groups in oedema severity and
socioeconomic status variables, so the
possibility of bias needs to be considered.
Socioeconomic variables such as parental
schooling, rural residence, water supply, sanita-
tion, employment, and housing were analysed
as a socioeconomic score, which was based on
validated community data in this region. Both
this socioeconomic score and the level of
parental schooling had low correlation with
L-R permeability in this setting of uniformly
low socioeconomic status. Moreover, better
educated mothers of higher socioeconomic
status would, if anything, have biased results
towards improved outcomes in the maize
group.
Similarly, seasonal influences would have

adversely aVected the milk group more than
the maize group, as the former were predomi-
nantly tested (40/55) during the peak preva-
lence rainy season of January to April. Figures
1 and 3 display the monthly variations for all
kwashiorkor admissions of over five days’ dura-
tion over 12 months, showing the shorter dura-
tion of diarrhoea in hospital and lower weight
gain on the maize based diet. HIV infection is
another potential bias between groups, but the
prevalence of probable or proven AIDS was
similar in both treatment groups (table 3).
The mortality for all kwashiorkor admissions

during the study period was 30.3%, which
decreased to 16.1% for admissions of more
than five days. The mortality for all 149
children with permeability testing was 19.0%,
decreasing to 11.9% for those with repeat tests
a week apart. The selection criteria for perme-
ability testing attempted to exclude early
deaths so repeat testing could be done, as
explained in the previous article. However,
there was no systematic selection bias between
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groups tested, as selection followed a pre-
scribed protocol used by the same research
assistant, who was unaware of any dietary
hypothesis. The diVerences in mortality be-
tween dietary groups (milk v maize) were
13.6% (49/361) v 20.9% (36/172) for all
admissions of more than five days, 13.5% (10/
74) v 26.6% (17/64) for the permeability sub-
jects on one diet, and 3.6% (2/55) v 22.2%
(10/45) for those with repeat testing. The five
fewer deaths than expected in the repeat tested
milk group (7/55) is unexplained by seasonal,
early mortality, or selection biases. Although it
may be partly a function of small numbers of
patients, there may be an even greater benefit
of milk in this subgroup with repeat permeabil-
ity tests. However, the mortality trends clearly
indicate a late mortality benefit for the milk
group.
It is important to appreciate why this study

was not randomised and blinded. Although
methodologically desirable, this would have
required an enormous change in logistics and
in level of nursing care for the nutrition unit to
administer both phases of each diet at the same
time in a random manner. To have done this
would have changed the setting into one atypi-
cal of those in which kwashiorkor is actually
treated. Taste and appearance diVerences
between the diets made blinding impossible.
Our aim in doing the study was to carry it out
under the actual conditions at the nutrition
centre, rather than transforming it into a meta-
bolic research unit, which would have no exter-
nal validity for the conditions in poverty
stricken areas of Africa where kwashiorkor pre-
dominates and is treated. We carried out this
study as carefully as possible under diYcult
circumstances and after thorough examination
of the data, have found the results to be robust.
The permeability measurements were carried
out in a ‘gold standard’ laboratory in London.
We believe that this kind of operational
nutritional research can be carried out in
settings with high mortality and extremely lim-
ited resources, and encourage further similar
studies to determine optimal management of
childhood malnutrition in the developing
world.

Conclusions
The main finding of this study is that children
with kwashiorkor have improved intestinal per-
meability on a milk diet compared with a maize
based diet. This is true in spite of the milk diet
causing more diarrhoea, which is a risk factor
for abnormal permeability. The late and
presumably preventable deaths were also sig-
nificantly lower in the milk group, both in the
100 cases with repeat permeability testing and
also in the 533 kwashiorkor admissions of five
or more days on an exclusive milk or maize
diet. The poor results with the maize porridge
are in spite of germination of the cereal, zinc
supplementation, and the addition of soya and
egg to the diet. The cause of continuing
diarrhoea in kwashiorkor during the early
phase of treatment with a milk diet is more
likely to be from lactose intolerance than cows’
milk allergy. We conclude that milk is superior

to a local maize based diet of similar protein
and energy density in the treatment of
kwashiorkor. Our results warrant exerting
pressure on health departments and donor
agencies to continue to supply milk powder for
the treatment of kwashiorkor.

Key messages
x Children with kwashiorkor had a lower
mortality and better weight gain on the
standard milk diet compared with a
maize-soya-egg diet

x Diets were similar in protein and energy
densities, were supplemented with zinc,
and the maize was germinated to in-
crease palatability

x Intestinal permeability improved with
nutritional rehabilitation on the milk diet
but worsened on the maize diet

x The milk group experienced more initial
diarrhoea in hospital, which was due to
lactose intolerance rather than cows’
milk allergy

x We recommend a low lactose milk based
diet in the treatment of kwashiorkor,
rather than a local staple diet
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