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Abstract

Objective: Zinc plays a critical role in many body functions and its deficiency is associated with impaired
cognitive function, behavioral problems, memory impairment, growth retardation, increased incidence of
diarrhoea and recurrent infections. Although severe zinc deficiency is not common, mild to moderate
deficiency is quite common globally. It is estimated that some form of zinc deficiency affects about one
third of the world population, with estimates ranging from 4% to 73% across sub Saharan Africa. To
determine the prevalence of zinc deficiency among malnourished children at Usmanu Danfodiyo
University Teaching Hospital (UDUTH), Sokoto.

Methods: Study was descriptive cross-sectional, carried out at the Paediatric department of UDUTH,
Sokoto from April 2013 to June 2014. It was conducted among children aged between 6 and 60 months
who presented to the OPD and those that were admitted into paediatric wards of UDUTH with
malnutrition. Children with similar characteristics that were well nourished served as controls. Cohorts
were recruited consecutively until the required sample size was obtained. 5mls of venous blood was taken
for serum zinc analysis from each child.

Results: A total of 550 children were studied with 275 apiece for cohorts. The mean age of the
malnourished children was 26.2+14.6 months compared to 28.2+17.0 months recorded for the controls
(p=0.157).The mean serum zinc levels for the study subjects 13.5+3.3umol/L was significantly lower than
that of the controls (15.8+1.9umol/L) (t=9.42, df=548, p=0.0001).

Conclusion: The prevalence of zinc deficiency among both malnourished children and the controls was
0% using WHO reference value for children below the age of 5 years. Prophylactic doses of zinc should be
giveninall malnourish children in situation where mineral mix is not added to feed or f75 and 100 are not
available. There is need to adhere to and use recommended cut off values recommended by WHO for
defining zinc deficiency by researchers.
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Resume

Objectif: Le zinc joue un réle critique dans de nombreuses fonctions corporelles et sa carence est associée
aune déficience de la fonction cognitive, des problémes de comportement, des troubles de la mémoire, un
retard de croissance, une incidence accrue de diarrhée et des infections récurrentes. Bien que la carence en
zinc sévere n'est pas commune, une carence légere a modérée est assez commune dans le monde. On
estime qu'une certaine forme de carence en zinc affecte environ un tiers de la population mondiale, avec
des estimations allant de 4% a 73% dans I'Afrique subsaharienne. Déterminer la prévalence de la carence
en zinc chez les enfants souffrant de malnutrition & I'ndpital universitaire Umanu Danfodiyo (UDUTH), a
Sokoto.

Méthodes: L'étude a été descriptive transversale, réalisée au département pédiatrique de I'UDUTH, a
Sokoto d'avril 2013 a juin 2014. Elle a été menée chez des enfants &gés de 6 & 60 mois qui ont présenté a
I'OPD et ceux qui ont été admis dans les services de pédiatrie De UDUTH avec malnutrition. Les enfants
ayant des caractéristiques similaires qui ont été bien nourris contr6les servedas.Cohorts ont été recrutés
consécutivement jusqu'a ce que la taille de I'échantillon requis a été obtenue. 5 ml de sang veineux ont été
prélevés pour I'analyse du sérum zinc de chaque enfant.

Résultats: Un total de 550 enfants ont été étudiés avec 275 chacun pour les cohortes. L'age moyen des
enfants sous-alimentés était de 26.214,6 mois comparativement a 28.217.0 mois pour les témoins (p =
0.157). Les taux moyens de zinc sérique pour les sujets de I'étude 13.5 + 3.3umol / L etaient
significativement inferieurs a ceux des temoins (15,8 + 1,9 umol /L) (t=9,42, df =548, p=0,0001).

Conclusion: La prevalence de la carence en zinc chez les enfants malnutris et les temoins etait de 0% en
utilisant la valeur de reference de I'OMS pour les enfants de moins de 5 ans. Des doses prophylactiques de
zinc devraient etre administrees a tous les enfants malnutris, Les aliments pour animaux ou f75 et 100 ne
sont pas disponibles.Il faut respecter et utiliser les valeurs de coupure recommandees par I'OMS pour
definir lacarence en zinc par les chercheurs.

Mots cles: zinc, malnutrition, Sokoto
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INTRODUCTION

Protein energy malnutrition (PEM) is
highly prevalent in almost all developing
countries (1,2). Itis estimated to affect every third
child in the developing world.(3,4) About 1-7%
of under-five children suffer from the severe
forms of malnutrition like kwashiorkor and
marasmus (5,6). This small percentage of severe
forms identified is an indication that larger
number of mild and moderate malnutrition
occurred unrecognised. Globally, it is estimated
that there are nearly 20 million children who are
severely acutely malnourished; most of them live
in south Asia and in sub-Saharan Africa (7). In
Africa, the prevalence for the moderate forms of
PEM is5.4-44.9% and 1.7-9.8% for severe forms
(8,9). Although severe zinc (Zn) deficiency is not
common, mild to moderate deficiency is quite
common throughout the world (10). It is
estimated that some form of Zn deficiency affects
about one third of the world population, with
estimates ranging from 4% to 73% across sub
Saharan Africa (11).

Zinc has been known to be an essential
element since its discovery by Raulin in 1869
(12,13). It is a trace element that is essential for
normal growth and development of infants and
children, Zn is found in bones, teeth, hair, skin,
muscle and testis. Of the Zn in the blood, about
75-85% is in the erythrocytes almost wholly as
carbonic anhydrase for which it is a cofactor
(14,15). Plasma has about 12-22%, while white
cells has 3%. 98% of Znis intracellular (16).

Zinc deficiency in malnourished
children could be due to low dietary intake, poor
bioavailability, malabsorption, or increased
losses due to diarrhoea along with lack of or
inadequate breastfeeding (17). The nature and
type of foods used during weaning and the low
levels of zinc in breast milk may also contribute
to the low levels of zinc in malnourished children
(17). In children with severe PEM and those
growing rapidly, the serum zinc levels falls
drastically, unless zinc supplements are given
(18). Zinc deficiency in severe PEM can be
explained by gross hypo-albuminemia that
contributes to lower serum zinc levels (17).
Increased loss of zinc from the skin has also been
suggested and this further contributes to the
lowered levels of zinc in severe PEM (12).

Besides nutritional factors, many
diseases and medical treatments may produce
conditional Zn deficiency, including
tuberculosis, sickle cell disease, Wilson's disease,
diabetes mellitus and other severe chronic
infections (14). The deficiency is more common
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in regions with high consumption of rice and
unleavened bread as dietary fibre, this is because
phytate inhibit Zn absorption (14). The effects of
its deficiency are especially pronounced in
tissues and organs with rapid turnover such as the
immune system and during periods of rapid
growth (13). Zn deficiency has of late been
gaining more attention from researchers and
developmental organisations (10). This is
because Zn plays a critical role in many body
functions and its deficiency is associated with
impaired cognitive function, behavioural
problems, memory impairment, growth
retardation, increased incidence of diarrhoea and
recurrentinfections (19).

In Nigeria, Ugwuja et al (20) studied
serum Zn and copper levels among malnourished
pre- school age children in Jos, North central
Nigeria. The study showed significantly reduced
serum zinc levels among malnourished compared
to well-nourished children. Similarly, a study by
Okolo et al (17) at Jos University Teaching
Hospital showed low mean serum Zn levels
among the malnourished group of children
studied. The study demonstrated that the mean
serum Zn level was lowest in children with
kwashiorkor. Zn status in malnourished Nigerian
children has also been evaluated in several other
studies,(16-17,20) however, none was conducted
in the North-Western region of the country. The
study therefore was designed to determine the
prevalence of Zn deficiency among children with
malnutrition seen in UDUTH, Sokoto and
compare serum levels of Zn between
malnourished children and age matched well-
nourished children. We seek to provide local data
from the North-Western region on this subject
This will enable comparison with other studies
and will go along way in making policies towards
improving the quality of care for such children.

MATERIALSAND METHODS

This was a descriptive, cross-sectional
study carried out at the paediatric department of
the Usmanu Danfodiyo University Teaching
Hospital (UDUTH), a tertiary health facility
located in Sokoto, the Sokoto State capital,
North-western Nigeria. The hospital is a referral
centre for people from Sokoto, Zamfara, Niger,
Katsina and Kebbi States of Nigeria as well as
neighbouring Niger and Benin Republics.

Study Design:The study was conducted among
children aged between 6 and 60 months who
presented with malnutrition to the Paediatric
Units comprising [Emergency Paediatric Unit
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(EPU), Paediatric Outpatient Clinic (POPD) and
Paediatric Medical Ward (PMW)] of UDUTH,
Sokoto. Controls were well-nourished apparently
healthy children that attended POPD for follow
up after discharge from the hospital. Subjects and
controls were recruited consecutively between
April 2013 to June 2014 until the required sample
size was obtained.

Inclusion criteria:Inclusion criteria for recruited
study subjects were age range 6 to 60 months,
presence of malnutrition according to the WHO
classification of malnutrition:<-1 to <-3 Z scores
of WHO reference growth charts (21), obtained
written informed consent from parent or
caregiver. Greater than -1 Z score of the WHO
child growth standard reference values for
weight-for-length / height and length / height-for-
age (21) and similarly age range 6 to 60 months as
well as obtained informed written consent were
inclusion criteria for controls.

Children with all criteria (21) but
presented with acute diarrhoea, features of
respiratory tract infection, and sickle cell
anaemia, Ingestion of zinc supplements in the
preceding 3 months before the study and those
that were stunted were excluded from the study.

The minimum sample size was
determined using a standard formula (22).

N= fp_c;

d
Where
N= desired sample size needed for meaningful
statistical analysis
z =the standard normal deviate usually set at 1.96
which corresponds to 95% confidence interval.
p = the proportion in the target population
estimated to have a particular characteristics
q=1-p=1.0-0.078=0.922
d = degree of accuracy desired. This was taken as
5% or0.05

For this study, taking the prevalence of
zinc deficiency in under five Nigerian children as
20% (23) (p value =0.2), the calculated minimum
sample size was 246,10% attrition was 25, 246
+25 =271 approximated to 275. 275 subjects each
were selected for the study and control groups
with a total of 550 participants for the study. All
consecutive admissions into the EPU, PMW and
children that attended POPD of UDUTH, Sokoto
during the study period with diagnosis of
malnutrition based on the WHO classification of
malnutrition that fulfilled the inclusion criteria
were enrolled into the study.

Questionnaire: A structured pretested
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guestionnaire using interview method was used
to obtain information from recruited subjects and
controls on socio-demographic characteristics,
and socio-economic class (SEC) of both parents
using Oyedeji's classification (24). Other
information included dietary history, preceding
illnesses like measles and diarrhoeal disease.
SEC Il and | are the upper class, SEC Il is the
middle class, while SEC IV and V form the lower
class (24).

All the children recruited for the study had
detailed clinical examination to check presence
or absence of oedema of the feet, dehydration,
pyrexia, skin and hair changes. Relevant
information was recorded using the study
proforma. Anthropometric indices such as the
weight and length were measured using standard
procedure for all recruited children. Nutritional
status of the recruited children was assessed using
the WHO classification of malnutrition (21).

The subjects were classified as mild
wasting (weight-for- height ratio between <-1 to
>-2SD), moderate wasting (weight-for height-
ratio between <-2 to >-3 SD) and severe wasting
(weight-for- height ratio <-3 SD) (25) children
that presented with bilateral oedema of the feet
were categorised as oedematous malnutrition
(25). Controls were well nourished children
whose weight-for-height ratio were > -1SD (21)
and whose height-for-age ratio were +2SD to >-
1SD of the WHO child growth standards
reference values (21). Standard deviation of
weight- for- length/height for each recruited child
was obtained by plotting the measured weight on
WHO growth chart against the length/height and
gender. Reference values were taken from the
WHO child growth standards (21). Height for age
Z score for each recruited child was obtained by
plotting the measured length/ height against age
on the WHO growth chart for gender.(21)

Laboratory methods: Five millilitres of blood
was collected from each child by venopuncture
after taking aseptic measures and immediately
placed into a well-labelled specimen bottle
without anticoagulant. The blood samples were
immediately centrifuge at2000revolutions per
minute for 5 minutes. Serum was relabelled and
then frozen at -20°C until time for the analysis.
Serum Zn was determined by Atomic Absorption
Spectrophotometry (AAS) using Buck Model
205 Atomic Absorption Spectrophotometer
(Buck Norwalk, CL) by direct method as
described by Kaneko et al (26).

For this study, serum zinc level of

Res. J. of Health Sci. Vol 4(4), October/December 2016 275



Estimation of zinc levels among children with malnutrition

<9.9umo/L was taken as cut off value for zinc
deficiency, which is the WHO cut off value for
zinc deficiency in children less than five years of
age (27).

Data analysis was done using the
Statistical Package for Social Sciences (SPSS)
version 20.0 software. The results were
illustrated using frequency tables and figures.
Comparison of mean values of subjects and
controls was done using Student's t test, while
comparison of proportions was done using Chi-
square test. A p-value of 0.05 or less was regarded
as statistically significant.

RESULTS
Demographic characteristics of the subjects
and controls

The mean age of the children with
malnutrition was 26.2+14.6 months compared to
28.2+£17.0 months in the controls.
(p=0.157).Table | shows the age distribution of
the subjects and controls. Two hundred and
twenty five (81.8%) of the children with
malnutrition were between the ages of 6 and
36months.Out of the 275 children with
malnutrition, 137(49.8%) were males and
138(50.2%) were females (ratio 1:1), when
compared to the control group with 152(55.3%)
males and 123(44.7%) females (ratio
1:1.2),(p=0.0001).

Mean weight for age of the subjects
compared with controls.

The mean weight for age was
significantly lower in the study subjects
compared to that of the controls. Figure 1 shows
the mean weight for age centile curves for the
subjects and controls compared with the median
values of WHO weight for age growth chart. The
centile curve for the subjects falls significantly
below the median values of WHO weight for age
growth chart whereas, that of the controls was
comparabletoit.

Distribution of clinical types of malnutrition
according toage groups.

93(33.8%) of the children with
malnutrition had oedematous malnutrition,
82(29.8%) had severe wasting, while 30(10.9%)
and 70(25.4%) of the children had mild and
moderate wasting respectively.

Oedematous malnutrition and severe
wasting were more common among children
aged 12 to 24 months, except for mild wasting
which predominates at 48.1 — 60.0 months age
group, asshown on Table I1.
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Mean serum zinc levels of the subjects and
controls

The mean serum Zn levels for the
subjects were significantly lower
(13.5£3.3umol/L) than that of the controls
(15.8+1.9umol/L) (t=9.42, df=548, p=0.0001),
but none was below the Zn deficiency state.

Comparison of mean serum zinc levels
between children with malnutrition and
controls according to age.

The mean serum Zn levels of
malnourished children were significantly lower
(13.5+3.3pumol/L) than that of the control group
(15.8+1.9umol/L). The difference was
significant (p=0.0001). The levels were also
observed to be significantly low (p=<0.05) across
all age categories of malnourished children
compared with age-matched controls as shown
on tablelll.1t is not suprising that malnourished
children in the age group 24.1-36.0 months had
the lowest serum Zn levels (12.8+2.5umol/L),
when compared with controls of the same age
group (15.3t£2.4umol/L), the difference was
significant (p=0.0001). Interestingly though,
those within the age range48.1-60.0 months have
the highest value of serum Zn (14.4+4.0umol/L)
(Table I11).

Mean serum zinc levels of children with
malnutrition and controls according to age
and gender.

The mean serum Zn level of control
males (16.1+2.4umol/L) was higher when
compared to that of male subjects
(13.7£3.8umol/L), the difference was significant
(p= 0.0001). Likewise, significant gender
difference was observed in the mean serum Zn
levels of the control females (15.3+1.5umol/L)
and malnourished females (13.5+2.8 pmol/L)
(p= 0.0001). No significant gender differences
were observed in the mean serum Zn levels across
all age groups between malnourished males and
control males as well as in malnourished females
and controls females except for age group 12.1-
24.0 among the males (p<0.05)(Table V).

Mean serum zinc levels of children with
malnutrition according to age and gender

The mean serum Zn levels of males
subjects (13.7+£3.8umol/L) was similar to that of
malnourished females (13.5+2.8umol/L), the
difference was however not significant (p=0.21).
There was also no significant gender difference in
the mean serum Zn level across age groups
(p>0.05) (Table V).
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Relationship between serum zinc levels with
types of malnutrition.

The mean serum Zn levels was
significantly low among all the clinical types of
malnutrition (p=0.0001), with the lowest levels
observed among children with Oedematous
malnutrition (12.8+3.0umol/L), when compared
to that of the controls (15.8+1.9umol/L) the
difference was significant (p=0.0001). Children
with mild wasting had the highest mean serum Zn
levels (14.2+£3.3umol//L) (Table V1).

Socio-economic class of the parents of the
subjects and the controls

233(85.0%) of the children with
malnutrition were from lower-socio-economic
class (SEC), 34(12.0%) in the middle SEC, and
only 8(3.0%) were from upper SEC, while for the
controls 53(19.0%) of the children were from the
lower SEC, 151(55.0%) from the middle SEC,
and 71(26.0%) were from the upper SEC. The
subject's parents were of a lower-socio-economic
class compared to the controls
(x*=815.6,df=6,p=0.0001).

DISCUSSION

This study’s finding is in consonance
with previous studies (28,29) that there is no
gender difference in the prevalence of
malnutrition, but itis in contrast to the findings of
Olwedo et al (30) in Uganda and Emina et al (31)
in republic of Congo which suggested that
malnutrition is more prevalent among boys than
girls.

The predisposition of male children to
malnutrition may be due to the fact that female
children receive more attention from the parents
(32). Boys are rare at home; they tend to be active,
running around the neighborhood compared to
female children who eat whatever small feeds
their mother give them since they are always with
them at home (32). There are inconsistent
findings in relation to the prevalence of
malnutrition in relation to gender, some studies
showed that female children are more at risk of
malnutrition than male children (33). Inequality
between girls and boys can take many different
forms, one of which could be neglect of health,
nutrition and other needs of girls that influence
survival of the girl child (33). Oedematous
malnutrition was encountered in 33.8% of the
recruited subjects, which was the most prevalent
form of malnutrition found in this study, a finding
in keeping with that of Madondo et al (34). In
South Africa, severe wasting was observed in
29.8 % of the subjects in this study, which was
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more than mild, and moderate wasting
respectively. Similar findings were reported by
other researcher (34). Severe wasting is
indicative of acute malnutrition, which may
result from a number of factors in the studied
population such as reduced food intake and
availability, as well as illnesses (34). Reduced
anti-oxidants status in malnourished children
such as Zn has also been reported to be from
oxidative stress as a result of increased
generation of reactive oxygen species. As anti-
oxidants are involved in fighting against
oxidative stress some amount might be exhausted
(35,36).

The low mean serum Zn levels among
children with malnutrition has been attributed by
some workers to low dietary intake, poor
bioavailability, mal-absorption and increased
losses due to diarrhoea along with lack of
breastfeeding (12,13,17) as found in this study
which showed only 5.0% of the children with
malnutrition were exclusively breastfed.

The mean serum Zn level
(13.5+3.3umol/L) of malnourished children
observed in this study was similar
t013.2+1.7umol/L reported among pre-school
Indonesian children, (37) but higher than
7.8x0.17umol/L, 9.0pumol/L and
9.9+£0.96umol/L reported respectively among
malnourished preschool and school age children
in Faisalabad in Pakistan, (38) stunted
Cambodian infants and toddlers, (39) and among
malnourished children in Ankara, Turkey (40).

The zero prevalence of Zn deficiency
recorded in this study was not in consonance with
previous studies (39,40,41) though data on
prevalence of Zn deficiency among Nigerian
children with malnutrition is lacking to the best of
investigator's knowledge, most of the Nigerian
studies determine mean serum Zn levels not
prevalence of Zn deficiency among children with
malnutrition. Some studies reported prevalence
of 3.2% among chronically malnourished
Indonesian children, (37) while other studies
reported high prevalence of Zn deficiency,
prevalence of 28.0% for Zn deficiency was
reported among malnourished Indian children,
(42) Anderson et al reported prevalence of 73.2%
among stunted Cambodian children and infants
(39). Mushi et al reported a prevalence of 74.0%
following a study on 66 Tanzanian children
recovering from severe PEM (41). It followed
that Zn deficiency was not observed in this study
using WHO cut off value for zinc deficiency in
under five years of age (27) and despite the fact
that the gold standard method of Zn analysis
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(Atomic Absorption Spectrophotometric
method) was used for determining the serum Zn
status of the recruited children, which was also
the method used by the above mentioned studies.
Many studies have stressed that serum Zn level is
not a good indicator of overall Zn status as 98.0%
of body's zinc is intracellular (14). Serum Zn
levels can be found within normal limits even in
individuals with low body stores due to a strict
homeostatic control (43,44), however despite
these limitations, serum Zn level is still the most
widely used biomarker of Zn status since other
biomarkers also showed limitations in addition
to major difficulties in execution (45).

The prevalence and burden of Zn
deficiency is quite different all over the
world.(42) Reasons for variation in the
prevalence of Zn deficiency worldwide could be
due to diversity of nourishment sources, regional
variation and difference in ethnic diets.(46) The
reasons for the variation in the prevalence of Zn
deficiency may be due to differences in cut off
values for Zn deficiency used in many studies
ranged from 70-100pg/dl (10.71-15.3pumol/L) as
against 65ug/dl(9.9umol/L) used in this study
which is the WHO cut off value for Zn deficiency
inchildren less than 5 years of age.(27)

The present study demonstrated that
malnourished children aged 2 to 3 years had
lowest mean serum Zn levels. Similar finding
was also reported by earlier researcher in relation
to zinc (47). This is because this age coincides
with age of weaning and peak age of occurrence
of malnutrition (25). After weaning, children
derive nutrition from a monotonous habitual diet,
depending heavily on cereals with little nutritious
accompaniment (35,47).

This study like other previous studies
showed no significant relationship between
serum Zn levels and gender among children with
malnutrition (48-49) and in well-nourished
children.(50) The lowest serum Zn levels was
observed among children with oedematous
malnutrition a finding similar to previous studies
(13,17,51-53). Low serum Zn levels among
children with oedematous malnutrition could be
attributed to hypo-albuminemia, as albumin
provides majority of the binding sites for zinc in
plasma (17). Other reasons for the low serum Zn
levels in oedematous malnutrition are dilution by
the increased extracellular fluid which
contributes to lower plasma Zn levels (53)
coupled with intake of food low in Zn as well over
utilization during infection (43). The mean serum
zinc vary with severity of wasting, with the
lowest value among children with severe

wasting, a finding similar to that of Anurhadha et
al (16, 54). Katja et al (55) showed no
relationship between serum zinc levels and
wasting. Low serum zinc levels in children with
severe wasting may result from increased gastro-
intestinal losses, increased need for rapid growth
and high phytate in the diet.

It is concluded from our findings in this
study that prevalence of Zn deficiency may not be
a significant health problem in the study area. We
recommend that such study be carried out in other
regions of the country to affirm our findings.
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Table I: Age distribution of the subjects and controls.

Adamu et al.

Age group months

Subjects n(%)

Controls n(%)

6.0-12.0 57(20.7) 60(21.8)
12.1-24.0 100(36.3) 90(32.7)
24.1-36.0 68(24.7) 53(19.3)
36.1-48.0 19(7.0) 34(12.4)
48.1-60.0 31(11.3) 38(13.8)
Total 275(100.0) 275(100.0)
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Figure 1: Mean weight for age of the subjects compared with that of the controls and
the median values of WHO weight for age growth chart.
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Table II: Distribution of clinical types of malnutrition according to age groups.
Age group Mild wasting Moderate Severe wasting oedematous Total
(Months) n(%o) wasting n(%o) malnutrition n(%o)
n(%o) n(%o)
6.0-12.0 4(1.5) 10(3.6) 17(6.2) 26(9.5) 57(20.7)
12.1-24.0 5(1.8) 16(5.8) 36(13.1) 43(15.6) 100(36.3)
24.1-36.0 6(2.2) 28(10.2) 16(5.8) 18(6.5) 68(24.7)
36.1-48.0 2(0.7) 5(1.8) 7(2.5) 5(1.8) 19(6.8)
48.1-60.0 13(4.7) 11(4) 6(2.2) 1(0.4) 31(11.3)
Total 30(10.9) 70(25.4) 82(29.8) 93(33.8) 275(100)

Table I1l: Mean serum zinc levels of children with malnutrition and controls according to age.

Mean serum zinc levels (umol/L)

Age group Subjects Controls t p
(months) (n=275) (n=275)

6.1-12.0 13.2.£2.6 17.1£3.9 6.0 0.0001
n 57 60

12.1-24.0 13.1+3.0 15.7£1.7 3.0 0.0001
n 100 90

24.1-36.0 12.8+2.5 15.3+2.4 6.2 0.0001
n 68 53

36.1-48.0 13.8+3.6 16.1+0.7 3.8 0.0001
n 19 34

48.1-60.0 14.4+4.0 15.8+1.2 4.7 0.0001
n 31 38

Total 13.5+3.3 15.8+1.9 10.07 0.0001

Table IV: Mean serum zinc levels (umol/L) of children with malnutrition and controls according to
the age and gender

Males Females
Age Subjects Controls t P Subjects Controls t P
(months)
6.0-120 13.2+26 14.2#34 332 0.221 13.3+3.0 15.8+22 -0.42 0.31
12.1-24.0 15.0#49 1430 261 0.010 13.3+2.7 159+15 -0.71 0.318
24.1-36.0 125+2.2 13.1+26 0.65 0522 13.6+2.8 15.3+3.2 153 0.142
36.1-48.0 13.3+2.8 15.2#3.1 154 0.155 14.2+42 15.6+14. 151 0.163
48.1-60.0 13.8+#3.0 12.7+25 1.01 0413 12028 14.2+20 041 0.633
Total 13.7¢3.8 16.1+24 140 0.0001 13.5+2.8 15.3+15 13.7 0.0001
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Table V: Mean serum zinc levels (umol/L) among children with malnutrition according to age and
gender.

n=137 n=138

6.0-12.0 MeanzSD 13.2+2.6 13.3+3.0 0.14 0.89
n 34 23

12.1-24.0 MeanzSD 15.0+4.9 13.3+2.7 1.58 0.12
n 49 51

24.1-36.0 MeanzSD 12.5+2.2 13.6+2.8 -2.36 0.08
n 36 32

36.1-48.0 MeantSD 13.3+ 2.8 14.2+4.2 0.53 0.61
n 8 11

48.1-60.0 MeantSD 13.8+3.0 12.0+2.8 1.0 0.33
n 10 21

Total Mean+SD 13.7+3.8 13.5+2.8 2.9 0.21

Table VI: The mean serum zinc levels according to types of malnutrition.

Clinical types of Number of children  Mean serum zinc levels
Malnutrition n(%o) (umol/L)

Control 275.0(100.0) 15.8+1.9
tOedematous 93.0(33.8) 12.8+3.0

malnutrition

Mild wasting 30.0(10.9) 14.2+3.3

Moderate wasting 70.0(25.4) 13.7+ 3.7

1Severe wasting 82.0(29.8) 13.2+3.0

F=25.1,(p= 0.0001),t =t= 6.99, (p=0.0001), $=t=8.7, (p= 0.001),
F=one way analysis of variance(ANOVA)
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