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SUMMARY Zinc absorption was measured in 37 children with malnutrition using the oral zinc
tolerance test (22-5 mg elementary zinc) and the results compared with those of a group of
healthy control subjects. The increase in plasma zinc was significantly lower in patients with
marasmic kwashiorkor than in the control group. The zinc tolerance test was, however, normal in
marasmic patients.
We conclude that zinc deficiency occurs in some types of protein energy malnutrition, and that

malabsorption may aggravate zinc deficiency. It is reasonable to give higher doses of zinc than are
usually recommended during oral zinc supplementation in patients with protein energy
malnutrition.

Protein energy malnutrition is still an important
problem in many parts of the world. Certain clinical
features are common to patients with protein energy
malnutrition and those with zinc deficiency, includ-
ing diarrhoea, anorexia, growth retardation, muscu-
lar atrophy, and a tendency to infections. This
similarity has led many workers to study zinc
absorption in patients with protein calorie malnutri-
tion. Some found that plasma zinc concentrations
were low,' and others found decreased serum zinc
concentrations in malnutrition, together with skin
lesions.2 3

Protein energy malnutrition is associated with
various degrees of intestinal changes, which include
gastrointestinal mucosal atrophy and structural
alterations in the jejunal villi.48 Apart from inade-
quate dietary intake, digestive and absorptive defects
may be important in the aetiology of protein energy
malnutrition. It is, however, difficult to say whether
these defects are causes or effects of the malnutrition.
The aim of this study was to determine whether

there is a decrease in intestinal absorption of zinc in
protein energy malnutrition in addition to pre-
existing zinc deficiency and malabsorption.

Subjects and methods

Thirty seven children (19 boys and 18 girls) aged
between 5 months and 5 years with protein energy
malnutrition were compared with 10 healthy chil-

dren (eight boys and two girls) aged between 6
months and 5 years. The patients were classified
according to the McLaren system.9

Routine laboratory tests were performed using
standard methods. Serum alkaline phosphatase acti-
vities were measured (Sigma Diagnostics), and
plasma and erythrocyte zinc concentrations were
assessed by an atomic absorption spectrophotometer
(Perkin Elmer Model 403)."P Blood samples (4.5 ml)
were collected using zinc free materials and anti-
coagulated with zinc free oxalate solution. Plasma
was separated by centrifugation and the plasma zinc
concentration determined using 3:1 dilution of
plasma. Erythrocyte zinc concentrations were deter-
mined by the method of Rosney and Gorfren.11
For the oral plasma zinc tolerance test blood

was taken from subjects to determine fasting plasma
zinc after an eight hour overnight fast. A dose of
100 mg hydrated zinc sulphate (22.5 mg elementary
zinc) was then given. The subjects were allowed
only water during the test. After the oral test dose
of zinc, blood was drawn at one, two and four hours
for measurement of plasma zinc concentrations.
Using the data obtained, the increases in plasma
zinc concentrations above fasting values were
plotted.'3 The control group was tested in the same
way.
Mean (SD) values were calculated for all

measurements. Student's t test was used to assess
the significance of differences between the groups.
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Results

Thirty seven malnourished children aged 5 months
to 5 years and 10 healthy control subjects aged 6
months to 5 years were studied. Thirteen children
had marasmus, 18 marasmic kwashiorkor, and six
kwashiorkor.

Diarrhoea was present in 22 (60%), oedema in

Table 1 Clinical and laboratory findings in 37 patients
with protein energy malnutrition and 10 control subjects.
Values are expressed as mean (SD)

Patients Control p
subjects Value

Height (cm) 68-8 (13-4) 78-0 (9.9) 0-001
Weight (kg) 6-7 (3-2) 10-0 (3-2) 0-01
Mid arm circumference (cm) 10-4 (2-2) 15-4 (1-2) 0.05
Haemoglobin concentration (g/l) 97 (20) 117 (10) 0-01
Alkaline phosphatase activity

(IUll) 607 (38-8) 101-7 (39-0) 0-01
Total protein concentration (gIl) 55 (10) 69 (5) NS
Albumin concentration (g/l) 35 (9) 43 (5) 0-01
Globulin concentration (g/l) 20 (4) 25 (7) 0-01

five (14%), anal, gluteal, and oral dermatitis in 19
(52%), and hair loss in 26 (70%).
Height (p<005), weight (p<0-01), mid arm

circumference (p<0-001), haemoglobin concentra-
tion (p<0-01), total protein and albumin (p<0-01),
and globulin (p<005) concentrations, and alkaline
phosphatase activity (p<001) were signficantly
decreased in the malnourished group compared with
the control group (tables 1 and 2). The decreases in
serum albumin concentrations were especially
prominent in the patients with marasmic kwashiorkor
and kwashiorkor (p<005 and p<001, respectively).
Plasma zinc and erythrocyte zinc concentrations

and the results of the oral plasma zinc tolerance tests
are shown in table 3. Plasma zinc and erythrocyte
zinc concentrations were significantly lower in every
subgroup compared with the control group (p<0-01).
When patients with marasmic kwashiorkor and

kwashiorkor were examined together after the zinc
test dose had been given, the increase in plasma zinc
was significantly less in the second hour compared
with the control group (p<0-05). On the other hand,
the increase in plasma zinc was normal in the
subgroup of marasmic patients (figure).

Table 2 Protein concentrations (gll) in 37 patients with protein energy malnutrition. Values are expressed as mean (SD)

Marasmus Marasmic p* Kwashiorkor p*
(n=13) kwashiorkor Value (n=6) Value

(n=18)

Total protein 61 (9) 54 (8) 0-01 43 (10) 0-001
Albumin 39 (8) 35 (8) 0-05 26 (8) 0-001
Globulin 22 (4) 20 (4) 0-001 17 (4) 0-05

*Compared with normal subjects.

Table 3 Zinc concentrations in 37 patients with protein energy malnutrition and 10 control subjects

Patients Control
subjects

Marasmus Marasmic Kwashiorkor Total (n=JO)
(n=13) kwashiorkor (n=6) (n=37)

(n= 18)

Mean (SD) fasting plasma zinc (prmolI1) 13-9 (4-6)* 15-6 (3-7) 13-0 (2-9)* 14-6 (3-8)** 18-4 (3-9)
Median (range) 13-8 (6.9-19-9) 15-1 (6-9-22-2) 12-3 (10.2-16-7) 14-4 (6-9-22-2) 19-9 (12-1-24-5)

Mean (SD) erythrocyte zinc (mg/l) 11-9 (4-3)* 8-0 (2-7)*** 8-8 (0-8)** 9-6 (3-7)*** 17-1 (6-0)
Median (range) 11-4 (5-4-18-9) 8-2 (4-1-12-9) 9-4 (8-2-18-1) 9-1 (4-1-21-7) 18-5 (104-23-9)

Mean (SD) increase in plasma zinc (RmolVI):
At one hour 11-4 (5-8) 4-8 (4-6)** 5-8 (5-3) 7-7 (5-7)* 12-1 (7-6)
At two hours 18-2 (11-0) 10-4 (6-8)* 8-0 (7-6)* 12-1 (9-2) 17-5 (6-5)
At four hours 6-3 (5-6) 3-4 (4-2) 2-5 (3-6) 4-3 (5-6) 2-2 (4-5)

*p<O0-S; **p<0.01, and ***p<0-001 compared with control subjects.
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Figure Mean (SD) plasma zinc concentrations after oral
plasma zinc tolerance test in patients with protein energy
malnutrition.

Discussion

In this study alkaline phosphatase activity and
plasma and erythrocyte zinc concentrations in
patients with protein energy malnutrition were
significantly lower than those of the control group.

There are several reports concerning zinc absorp-
tion in malnutrition. In some, zinc concentrations in
plasma or serum were decreased' 13 while in others
they were reported to be normal.2 4 Plasma zinc
concentrations are not, however, good indicators of
zinc state in man, because not only is plasma zinc
turnover rapid, but many factors influence it.'4 In
order to study zinc state, therefore, we had to
determine plasma zinc and erythrocyte zinc con-
centrations as well as alkaline phosphatase (an
important zinc metalloenzyme) activity in our
subjects. 1517

Zinc is required for normal growth and develop-
ment, and deficiency can result from inadequate
dietary intake, impaired absorption, excessive ex-
cretion, or inherited defects in zinc metabolsim.
Requirements depend on the weight, age, and
growth rate of children, and the bioavailability of
zinc from different sources. Indeed, nutritional
insufficiency was one of the main reasons for zinc
deficiency in our group of patients.

The mitosis rate in the cells of the gastrointestinal,
immune and haematopoietic systems is high. The
effects of zinc deficiency as a result of the important
action of zinc on protein synthesis, therefore, are
observed mostly in these systems, so it is reasonable
to claim that the chronic zinc deficiency in protein
energy malnutrition might lead to pathological
changes in the intestinal mucosa.
Many alterations in the gastrointestinal tracts of

malnourished children have been reported.68 A
genetic zinc deficiency disease, acrodermatitis en-
teropathica, causes severe intestinal mucosal atro-
phy, and zinc supplementation is effective in return-
ing the mucosal to normal.
To measure intestinal zinc absorption the oral

plasma zinc tolerance test was conducted in patient
and control groups. The oral plasma zinc tolerance
test, which measures the increase in plasma zinc
concentrations, has been widely used as an assess-
ment of intestinal zinc absorption.19 20
Under standard conditions the test gives valuable

information about the absorption of zinc by the
small intestine. Valberg et al compared radioactive
zinc absorption with the oral plasma zinc tolerance
test and found that the tests gave comparable
results.21 In both our subgroups of patients
(marasmic kwashiorkor and kwashiorkor) the
plasma zinc curve (figure) was significantly depressed
*compared with that of the control group.

In patients with marasmus, the plasma zinc
tolerance test was normal, confirming the results of
Brunser et al, who studied jejunal biopsy specimens
of patients with marasmus and found normal
mucosa.7
We conclude that zinc deficiency in patients with

protein energy malnutrition can induce intestinal
mucosal changes that may aggravate the zinc de-
ficiency, thus creating a vicious circle. It is therefore
reasonable to give higher doses of zinc than are
usually recommended when giving oral zinc supple-
mentation to patients with protein energy malnutri-
tion.
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