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' Department of Human Nutrition, ? Department of Pediatrics,
The College of Medicine. University of Ibadan. Ibadan. Nigeria

Plasma zinc status of protein energy malnourished children
in Nigeria

T. ATiInMO!, A. JOHUNSON2, C. MBOFUNG!, G. TINDIMEBW A2

Summary

The plasma zinc status, albumin lebel and alkaline phosphatase activity of
44 protein energy malnourished Nigerian children were compared with those of
10 normal children. Results were classified according to the type and degree of
malnutrition. Plasma zinc levels were low in the malnourished groups and
tended to vary with the degree of malnutrition as indicated by the level of
growth retardation. Lebels in the ‘normal’ group of children suggest a possible
presence of marginal zinc nutrition among Nigerian children.

Key words: plasma zinc: protein energy malnutrition: growth retardation.

Introduction

The dietary essential nature of zinc for experimental as well as farm ani-
mals has been recognised (Underwood. 1971). Its importance as an essential
trace metal nutrient in man is being increasingly investigated and it is already
evident that zinc is important in human health (Sandstead et al., 1976). Reports
of several experiments carried out in animals or in humans show the impor-
tance of zinc as a component of several metalloenzymes and as an essential
nutrient for DNA and RNA synthesis and protein metabolism (Williams and
Chester. 1970 Terhune and Sandstead, 1972: Tao and Hurley, 1971).

Human zinc deficiency may result in growth retardation in infants and
young children (Sandstead et al.. 1967). Deficiency states in infants and chil-
dren may occur as a result of inadequate intake, impaired absorption. hyper-
excretion or the occurrence of diseases that affect the metabolism of the
nutrient.

(“Orrespnndcncc: Dr. Tola Atinmo. Department of Human Nutrition, College of Medicine.
University of Ibadan. Ibadan, Nigeria



Many infants and children, particularly in developing countries. suffer
from severe retardation of growth between the ages of six months and two
years. In general, growth retardation occurs among children of postweaning age
and this may be as a result of dietary deficiency of specific nutrients. Protein
energy malnutrition (PEM) is one of the most common health problems among
children of developing countries including Nigeria (Collie and Janez, 1968:
Morley. 1968 Gurney and Omololu, 1971; FSAN, 1976) and growth retarda-
tion is one of its main consequences. Zinc deficiency occurs in PEM and persists
eveh after clinical cure in some cases (Sandstead et al., 1965) and may contrib-
ute to the growth retardation of PEM.

This study was carried out to characterize possible zinc deficiency as it
occurs in Nigerian children with different forms of malnutrition.

Patients, Materials and Methods

Blood samples for the study were collected from children aged between six months and three
years presenting for the first time with various forms of protein energy malnutrition (PEM) in the
Children’s Out-patient Clinic of the University College Hospital, Ibadan. Such children were
examined for clinical signs of malnutrition, diagnosed and grouped as suffering from kwashiorkor,
marasmus, marasmic kwashiorkor and undernutrition using the Wellcome criteria for classification
(Classification of Infantile Malnutrition, 1970). Anthropometric measurements of mid-arm circum-
ference (MAC), weight, height, and tricep skindfold thickness (TSFT) were made according to
methods described in the literature (Gurney, 1969; Gurney etal., 1972). Children with an apparent-
ly normal and healthy physique and presenting with no clinical or anthropometric signs or symp-
toms suggestive of any form of malnutrition were used as the control group. A questionnaire
(responded to by the mothers of the children at the clinic) was used for each of the children to obtain
as much information as possible about their feeding habits. their qualititative food intake, and
about the educational and socio-economic background of the parents.

Venous blood drawn from the femoral vein using disposable zinc-free syringes and needles
was collected in zinc-free heparinised tubes and centrifuged at 3000 rpm for 20 min to ensure a good
separation of plasma from the blood cells. Plasma was carefully transferred into well cleaned
polythene vials and stored at —20° C until required for analysis.

Analysis of plasma for zinc concentrations was by atomic absorption spectrophotometer
(AAS). Frozen samples were allowed to thaw at room temperature and specific volumes of these
were diluted with glass distilled and deinonised water in the ratio of 1:3. The Perkin Elmer atomic
spectrophotometer model 403 was used in the reading of the zinc levels. Working zinc standards
solution obtained from BDH Chemicals Limited, Poole, England (Product No. 14150) were diluted
to specific concentration with 5% glycerol and used in standardising the instrument. All glasswares
and polyethylene containers used had been thoroughly cleaned by soaking them in acid overnight
and washed with detergent and rinsed in deionised water before leaving in EDTA for four hours
followed by further rinsing thrice with deionised water. Containers so treated were found to be free
of any detectable zinc contaminants. The Biuret method of estimating plasma proteins (Wolfson et
al.. 1948) as modified by ICNND (1963) was used for albumin determination. In the modified
technic, only 0.2 ml of plasma is used. STAT-Pack TM reagents (obtained from Calbiochem Co.. La
Jolla, California) consisting of P-nitrophenyl phosphate substrate and 2 amino-2 methyl-1-propa-
nol buffer were used for the assay. Substrate was reconstituted in distilled water to a concentration
of 8.3 x 10.3 moles/litre while the buffer was similarly diluted to a concentration of 0.75 moles/litre
and ph 10.3 x 100 gl of plasma was added to a cuvet containing 3.0 ml of substrate and buffer mixed
in the ratio of 1:2 and incubated for 30 min at a constant temperature of 30° C in a water bath. After
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an additional incubation period of 2 min the cuvet was transferred to a temperature controlled
spectrophotometer (PYE UNICAM SP 500) and the absorbance read at 420 mn. A second absor-
bance reading was taken after 3 min and the difference between the two absorbances was used for
calculating the activity of the enzyme. Muscle area (MA) and fat area (FA) estimations were derived
by calculations using anthropometric measurements of arm circumference and tricep skinfold
thickness according to the method of Gurney (1969) and Gurney et al. (1972). One way analysis of
variance as well as correlation analysis were carried out.

Results
Anthropometry

Results of anthropometric measurements are as shown in Table 1. Means
and standard deviation of weight, height, MAC and TSFT measurements and
calculated estimates of MA and FA of the children in each group are shown in
Table 1. Weight, MAC, TSFT, MA and FA were significantly different
(P <0.05) from those of the control group. A positive correlation was obtained
between weight and the MAC and between weight and the MA. When malnou-
rished children were regrouped according to the Gomez system of PEM classifi-
cation (Gomez et al., 1955), 75% of the children were found to be in the second
and third degree of malnutrition, i.e. with less than 75% weight for age.

Plasma zinc concentration

Results of plasma zinc concentrations, albumin levels. and plasma alkaline
phosophatase activity of the different groups studied are presented in Table 2.
Mean plasma zinc levels in the control group were 73.15 ug/dl. In kwashiorkor
and marasmic kwashiorkor, the levels were 41.61 pg/dl and 40.18 pg/dl respec-
tively, while those for marasmus and undernutrition were 46.7 ug/dl and
479 pug/dl respectively. These values indicate that the mean plasma zinc
concentrations were significantly lower in the malnourished groups than in the
controls (P <0.05). No significant differences existed between the zinc levels of
the various groups of malnourished children. Compared to the control group,
the difference in mean zinc level of some of the malnourished groups was as
high as 45%. Mean plasma zinc concentrations according to this grouping
(Table 3) were as follows: Ist degree malnutrition 53.08 wxg/dl, 2nd degree
malnutrition 48.36 ug/dl and 3rd degree 47.64 1g/dl. These values were signifi-
cantly different when compared with the values for the control group. However,
there was no significant difference between the three degrees of malnutriton.

Utilising Waterlow’s classification for linear growth retardation (Water-
low, 1976), the malnourished children were reclassified into four grades of
retardation. The mean plasma zinc concentrations were as shown in Table 3.
Malnourished children with no linear growth retardation had a mean zinc level
of56.27 ug/dl, children with mild moderate and severe retardation had plasma
zinc levels of 45.10 pg/dl. 43.27 ug/dl and 41.95 pg/dl respectively. Plasma zinc
levels for moderate and severe forms of retardation were significantly different
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Table 3. Mean plasma zinc levels according to degree of malnutrition®, linear retardation®

Plasma zinc level F P value
(ug/dly mean +S.D.

a) Degree of malnutrition:

IStdepree [ oucnvrvunevumnnons nnnnssmmms: 53.08 +17.62 0.534 N.S.
ol degrea [Td) ..covasvonvesnnssnnsnnmmmmmm 48.36 + 16.89

Brd degree [1T) . cnvsesusnnsvnnnnnsnnmmoms s 47.64 +16.38

b) Degree of retardation:

normal (12)° (95% height forage) .......... .. 56.27 + 19.29¢f

mild (9) (95-90% height forage) ............. 4501 +16.31

moderate (10) (90-85% height forage) ...... .. 4327+ 15.71° 2.729 0.05
severe (13) (85% height forage) ....... ... ... 41.95+9.87¢

Degree of malnutrition classified according to Gomez et al. (1955) with Harvard Values as the
Standard

Linear growth retardation classification according to Waterlow (1976)

Numbers in parenthesis show number of subjects in each classified group

Values significantly different from each other (P <.02)

Values significantly different from each other (P <.05)

F = one-way analysis of variance

(s
€

(P <0.05) from those of the normal groups. Correlation between plasma zinc
and height was positive (r = 0.61).

Plasma albumin

Analysis of plasma for albumin levels gave results which correlated posi-
tively with zinc levels (Table 4). The correlation was significant (P <<0.05) for
kwashiorkor with an albumin level, of 2.29 g/dl. In marasmic kwashiorkor,
undernutrition, marasmus and the control groups, the levels were 2.50 g/dl.
2.66 g/dl,2.41 g/dl and 3.11 g/dl respectively (Table 2).

Alkaline phosphatase activity

The activity of this enzyme was also lower in the four groups of malnour-
ished children when compared with the control group (Table 2). The mean
activity in the control group was 145,141 U/1. Activity was more than 41% lower
in the kwashiorkor group, 40% in marasmic kwashiorkor, about 38% in maras-
mus and 28% in the under-nutrition group. There was a positive correlation
between the enzyme activities and the zinc concentrations in the plasma in each
of the groups (Table 4). The correlation was significant (r = 0.85. P <0.05) for
marasmic kwashiorkor.



Table 4. Correlation analysis between plasma zinc concentration and 1. albumin level®,
2. alkaline phosphatase activity®

Group Plasma zinc concentration vs.

l. albumin level 2. alkaline phosphatase activity

Kwashiorkor (13) ........... ... 0.43 0.27
Marasmic kwashiorkor (11) .. ... 0.61° 0.85%
Marasmus (10) .. ... ... 0.12 0.59
Undernutrition (10) . .. 0.66" 0.38
Control (10) . ... .. ... .. ... 0.734 0.53

Numbers in parenthesis show samples analysed.
P05

Discussion

The results of our study show that malnourished Nigerian children have a
markedly low plasma zinc status. These low levels are in agreement with those
of other studies carried out in Cairo (Sandstead et al., 1965), Cape Town
(Hansen and Lehman, 1969) and Hyderabad (Kumar and Rao, 1973). Several
factors might have contributed to these low levels. The incidence of measles and
diarrhoea was a common precipitating factor of malnutrition in most of these
children and it is likely that abnormal quantities of zinc might have been lost in
their stools thus leading to non-availability of dietary zinc to the tissues. The
feeding practices of the malnourished infants and children may also contribute
to the levels of zinc. Breastmilk is a good source of zinc for infants and young
children being breastfed, but usually PEM occurs when breastmilk is either
insufficient or no longer given to the baby. Previous observations in Nigeria
(Woodruft, 1951; UNICEF, 1963) showed that many pregnant women and
nursing mothers consume inadequate and poor quality food and reports of milk
yield showed that daily production is poor especially in the second year of
lactation. Eighty-eight percent of mothers of the PEM subjects studied normal-
ly wean their children by the 18th month. The low production of breastmilk at
this time coupled with the poor weaning fooods such as watery maize gruel
(Ogi), cassava flour (Amala). bread and some beans make zinc malnutrition
inevitable in these children. These foods as earlier reported by Mbofung and
Atinmo (1980) (Table 5) are poor sources of zinc.

A positive and significant correlation was obtained between plasma albu-
min and zinc levels in marasmic kwashiorkor, under-nutrition and in controls
(Table 3). Zinc in plasma is distributed between two major fractions — albumin
(60-70%) and zinc alpha macroglobulin (Parish and Vallee. 1970). Results of
albumin determination suggest a state of hypo-albuminaemia in all the mal-
nourished children. This has been shown to be the case in protein deficiency
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Table 5. Mean zinc content of some foods commonly eaten by infants and young children®

Food No analysis  Zinc mg/100 g dry
matter (mean +S.D.)

Ogi (maize gruel) .......... 10 2.06+.56
Beans . ... . ... ... . ... .. 10 2.97+.23
White bread ... .. ... ... . 5 0.78 + .23
Amala (cassava flour) .. ... .. 10 1.45+ .10

* obtained from Mbofung and Atinmo (1980)

states in adults as well as in children (Holmes et al., 1951; Patel et al.. 1957;
Whitehead et al., 1971). It is likely that the occurrence of hypo-albuminaemia
might have contributed to the low levels of plasma zinc.

A decrease in zinc status leads to a decrease in the activity of some zinc
dependent enzymes (Kirchgessner, 1976). Earlier studies by Roth and Kirch-
gessner (1974) had shown that alkaline phosphatase activity decreases by as
much as 48% in rats fed on a zinc deficient diet. In the present study we observed
a decrease in activity (47% compared to control) in plasma alkaline phosphatase
of all the groups. These low levels of activity are similar to those obtained by
other investigators in this part of the country (Edozien, 1961; Olanbiwonnu and
Johnson, 1976: Atunmo and Faoye, 1978) and in Ugandan children with kwa-
shiorkor (Reinhold and Kfoury, 1969). In Nigeria mean dietary zinc intake by
children has been reported to be low about (3.6 mg/day) (Mbofung and Atin-
mo, 1980). It s likely that this low intake of zinc coupled with the high incidence
of low protein intake are contributory factors for the reported low enzyme
activity.

According to Gomez et al. (1955) estimates of MA and FA in the upper
arm indicate the relative importance of total protein and calorie reserves in the
body. Assuming the control group as forming the pre-PEM nutritional status of
the malnourished children, it is evident from calculations that the calorie
reserves were most reduced in marasmus (54%) followed by marasmic kwa-
shiorkor (43%). kwashiorkor (40%) and undernutrition (29%) groups. Protein
reserves as estimated by MA were most affected in kwashiorkor. Muscle loss
ranged from 23% in marasmus to 47% in kwashiorkor. These relative losses in
muscle tissue must have been accompanied by large losses in body zinc content.
In terms of zinc requirements, such losses will require very high intakes of
dietary zinc for proper rehabilitation and restoration of the body zinc.

Our use of percentage height for age as an index of past nutritional status
as suggested by Waterlow (1976) showed that more than 75% of the malnour-
ished children were retarded in height and the mean plasma zinc levels of chil-
dren in the moderate and severe grades of growth retardation were significantly
lower (P <<0.05) than those of the control group. Meanwhile. plasma zinc levels

’77‘?



correlated positively (r =.61) with height for age and thus plasma zinc concen-
tration tended to decrease with increasing severity of retardation. Malnour-
ished children who had normal height for age were obviously acute cases of
malnutrition. Their mean zinc levels were higher (56.27 ug%) than those of the
retarded groups. Thus, the relative difference in zinc levels between this group
and the retarded groups tend to suggest a long existing zinc deficiency among
the latter group.

A good proportion of rehabilitated children and indeed thousands of
Nigerian children are known to be in sub-clinical level of protein energy malnu-
trition. The control group plasma level of 73.15 mg/dl is just slightly above the
reported lower range (65-70 mg/dl) of normal zinc concentration in plasma of
children (Committee on Nutrition, 1978). There is thus a probable widespread
incidence of marginal zinc nutrition. The exact extent of such a marginal state
of zinc nutrition and its likely response to dietary zinc supplementation is cur-
rently being investigated.

Atinmo T., Faoye S. O.: Serum alkaline phosphatase activity in protein energy malnourished
children in Nigeria. J. trop. Pediat. environ Child Hlth 24, 115-116 (1978).

Classification of Infantile Malnutrition (Editorial): Lancet /970/11, 302-303.

Collie W. R. D.. Kanez M., in: Malnutrition, learning and behaviours, ed. by N. S. Scrimshaw and J.
E. Gordon. MIT Press, Cambridge 1968.

Collies W. R. F., Dema D., Omololu A.: On the ecology of child nutrition in Nigerian villages. Trop.
geogr. Med. /4, 140-163 (1952).

Committee on Nutrition: Zinc. Pediatrics 62, 408 (1978).

Edozien J. C.: Enzymes in serum in kwashiorkor. Pediatrics 27, 325-333 (1961).

FSAN (Food Sci. and Applied Nutrition Unit): Report of nutrition studies of mid-western Nigeria,
152 p. Floowship Course in Food Science and Applied Nutrition, 1976, University of Ibadan.
Gomez F., Galvan R. R., Craviato J., Frenk S.: Malnutrition in infancy and childhood with special
reference to kwashiorkor. In: Levine S. (Ed.): Advances in Pediatrics, N.Y. Year Publishers Vol.

T.p. 131 (1955).

Gurney J. M.: XVI Rapid assessment in a refugee camp in Nigeria. J. trop. Pediat. /5, 225-228
(1969).

Gurney J. M., Jelliffee D. S., Neille J.: Anthropometry in differential diagnosis of protein calorie
malnutrition. J. trop. Pediat. environ. Child Hlth. /&, 1-2 (1972).

Gurney J. M., Omololu A.: A nutritional survey in South Western Nigeria — the anthropometric and
clinical findings. J. trop. Pediat. environ. Child Hlth. /7, 50-54 (1971).

Hansen J. D. L., Lehman B. H.: Serum zinc and copper concentration in children with protein
calorie malnutrition. S. Afr. med. J. 43, 1248 (1969).

Holmes E. G., Stanier M. W.. Semambo Y. B., Jones E. R.: Investigation of serum proteins of
Africans in Uganda. Trans. roy. Soc. trop. Med. Hyg. 45, 371-375 (1951).

I[CNND - Total serum protein, albumin and globulin by a modified Biuret technique. Manual for
nutrition surveys, ed. by Intern. Departemental Committee on Nutrition for National Defence.
p. 133-135. Bethesda, USA 1963.

Kumar S., Rao K. S. I.: Plasma and erythrocyte zinc levels in protein-calorie malnutrition. Nutr.
Metab. 75, 364-368 (1973).

Kirchgessner M., Roth H. P.. Weigand E.: Biochemical changes in zinc deficiency in trace elements
in human health and disease. Vol 1, ed. by A. S, Prasad and D. Oberleas, p. 198. Academic Press.
New York 1976,

[
|
(F8)

18 Acta Tropica



Mbofung C. M. F., Atinmo T.: Dietary zinc intake pattern of some Nigerian villagers. Niger. J. nutr.
Sci. 1, 14-19 (1980).

Morley D. C.: Heights and weights of West African village children from birth to the age of five. W.
Afr. med. J. 17, 8-16 (1968).

Olanbiwonnu O.. Johnson A.: Serum calcium, phosphate and alakaline phosphate in PEM. Niger.
J. Pediat. 3, 45-48 (1976).

Parish A. F., Vallee B. L.: Isolation of Zn-macrogloculin from human serum. Biochemistry 9, 2421
2426 (1970).

Patel B. D.. Gaitonde B. B.. Jadbane M. A.. Rao G. S.: Paper electrophoresis of serum proteins in
malnutrition. Ind. J. Child Hlth 6, 289-294 (1957).

Reinhold J. G., Kfoury G. A.: Zinc-dependent enzymes in zinc depleted rats: Intestinal alkaline
phosphatase. Amer. J. clin. Nutr. 22, 1250-1263 (1969).

Roth H. P., Kirchgessner M.: Aktivititsverinderungen verschiedener Dehydrogenasen und der
alkalischen Phosphatase im Serum bei Zn-Depletion und -Repletion. Z. Tierphysiol. Tierernihr.
Futtermittelk. 32, 289-296 (1974).

Sandstead H. H., Prasad A. S., Schubert A. R., Farid T., Miale A., Bassilly S.. Darby S. I.: Human
zinc-deficiency: endocrine manifestations and response to treatment. Amer. J. clin. Nutr. 20, 422
441 (1967).

Sandstead H. H.. Shukry A. S.. Prasad A. S., Gabr M. K., El-Hifney A.. Mokhtar N., Darby W. J.:
Kwashiorkor in Egypt. 1. Clinical and biochemical studies with special reference to plasma zinc
and serum lactic dehydrogenase. Amer. J. clin. Nutr. /7, 15-26 (1965).

Sandstead H. H., Vo-Khactu H. F., Solomons N.: In: Trace elements in human health and disease,
Vol. I. ed. by A. S. prasad and D. Oberleas. p. 33-34. Academic Press, New York 1976.

Tao S., Hurley L. S.: Changes in plasma proteins in zinc-deficient rats. Proc. Soc. exp. Biol. (N.Y.)
136, 165-167 (1971).

Terhune M. W.. Sandstead H. H.: Decreased RNA polymerase activity in mammalian zinc-defi-
ciency. Science 177, 68-69 (1972).

Underwood E. J.. in: Trace elements in human and animal nutrition, 3rd ed.. p. 208-209. Academic
Press, New York 1971. .

UNICEF Nutrition Fellows Report. Results of surveys carried out in Osegere, Oje and Moor
plantation. University of Ibadan, 1963.

Waterlow J. C.: Classification and definition of protein energy malnutrition — Annexe 5, p. 549. In:
Nutrition in preventive medicine. WHO. Geneva 1976.

Whitehead R. G.. Frood I. D. L., Poskitt E. M.: Value of serum albumin measurements in nutri-
tional survey: a re-appraisal. Lancet /971/11. 287-290.

Williams R. B.. Chester J. K.: The effects of early zinc deficiency on DNA and protein synthesis in
the rat. Brit. . Nutr. 24, 1053-1059 (1970).

Wolfson W. Q.. Cohn C., Calvary E., Ichiba F.: Studies in serum proteins. V. A rapid procedure for
the estimations of total protein, free albumin, total globulin, alpha globulin, beta globulin and
gamma globulin in 1.0 ml of serum. Amer. J. clin. Path. /8, 723-730 (1948).

Woodruff A, W.: Anaemia of pregnancy among Africans in Nigeria. Brit. med. J. 195//11, 1415
1423.



	Plasma zinc status of protein energy malnourished children in Nigeria

