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Serum Zinc, Copper, Magnesium & Phosphorus Level in Children with

Severe Acute Malnutrition (SAM)

*Chowdhury B', Hoque MA?, Hossain MA®, Chowdhury AM®, Islam MN?’, Khaleque ]1\2"“‘6’
Ali MA’, Khan MR®, Bhuiyan RK’, Hasan MM, Akhtaruzzaman M"', Akhter H

Malnutrition is widely prevalent among hospitalized children in most developing countries includin.g
Bangladesh. Though malnutrition accounts for the high rate of under 5 mortality sometimes it is
overlooked. Keeping in this in mind A comparative cross sectional study was done in Mymensingh
Medical College Hospital from 1* October 2009 to 31 May 2011. Children aged 1-5 years with presence
of one or more criteria WHM <70%, WHZ-score <-3SD, Bipedal edema & Mid upper arm circumference
<I10mm were taken as study group and children aged 1-5 years with normal growth allowable normal
range of variation is between 3™ and 97" centile curve or median (50" centile) +2SD of weight for age
growth chart (CDC growth chart, USA, 2000) were taken as reference group. Persistent diarrhea, Patients
taking medications containing zinc, copper, magnesium, phosphorus & calcium, PEM with shock were
excluded from study group. Nutritional assessment was done according to WHO criteria of SAM. Serum
Zinc, Copper Magnesium and Phosphorus level were determined by Atomic Absorption Spectrometry
using UNICAM - AA Spectrometer, model no. 969, Spain. Total 120 study populations were taken.
Ninety Out of 120 were taken as a study group (SAM) & 30 were reference group. In reference group
serum Zn, Cu, Mg, P value was 103.80+8.86pg/dl, 135.92+13.57pg/dl, 2.31+0.18mg/dl, 3.96+0.22mg/dl
respectively. In study group serum Zn, Cu, Mg, P value was 60.33+11.08pg/dl, 80.60+15.46pg/dl,
1.47+0.22mg/dl, 2.00+0.52mg/dl respectively. All these results show that there is significant difference
between study group & reference group. Considering the decreased level of these parameters, close

biochemical monitoring and follow up should be emphasized for the children with SAM.
[Mymensingh Med J 2016 Oct; 25 (4): 635-640]
Key words: Serum zinc, Copper, Magnesium, Phosphorus, Severe acute malnutrition (SAM)

Introduction

rotein-energy malnutrition is a syndrome

resulting from interaction between poor diets

and diseases, leading to anthropometric
deficits and generally with deficits in
micronutrients’. Nutritional deprivation is a serious
international problem that can lead to long term
deficits in growth, immune function, cognitive and
motor development, behavior and academic
performance®. Globally, nutritional status is
considered the best indicator of the well-being of
young children and a parameter for monitoring
progress towards the Millennium Development
Goals (MDGs), especially MDGI1. According to
the state of the World’s Children (SOWC) Report
2008, issued by the UN Children's Fund
(UNICEF), eight million or 48% of all children
under-five are underweight’ and 13% of under 5
suffering from severe under nutrition®. Child
malnutrition is prevailed in Bangladesh, with
nearly one-half of all children below the age of five
years being either underweight or stunted”.
Trace element deficiencies are common in children
with protein energy malnutrition and as a result
they may suffer from various nutrient specific
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deficiency disorders. In Malnourished children all
the  micronutrients specially  zine,  copper,
magnesium & phosphorus are decreased. They
cause  specific  deficiency syndromes  in
malnourished children which ultimately increased
the morbidity & mortality of under five children in
our country. Serum studies on the role of
nngmnutrients in severe acute malnutrition are
bgmg done in the different developing countries.
Z\pc and copper are essential nutrients for human
beings as they are required for the functional
gctivily of several enzyme systems®. It is important
for the structure and function of membranes, the
metabolism of essential fatty acids and immune
competence’. Copper deficiency in infants fed
exclusively on milk clinically manifest with
§naemia. neutropenia, variable skeletal changes
inclusive of osteoporosis, enlargement of the
costochondral cartilage, cupping and flaring of
long bones, metaphyses, spontaneous rib fractures
and scurvy like bone changes®. Magnesium is the
second most common intracellular cation in the
body and plays an essential role in numerous
cellular reactions. Its depletion in malnourished
children may remain asymptomatic or may produce
symptoms such as tremors, athetoid movements,
seizures and psychomotor changes’. Phosphorus is
an important component of body tissue and is

necessary for normal functioning of blood cells,
muscle and nerves'®.

So the current study was done to estimate the level
of serum Zn, Copper, Mg & phosphorus in children
of severe acute malnutrition in a tertiary level
hospital & as to compare their level in
malnourished children that of healthy children.

Methods
Total 150 children of one to five years of age were
included in this study. Subjects were divided into
Reference group (n=60) children with normal
growth, weight for age between 3™ and 97" centile
curve or median (50" centile) +2SD of CDC
. growth chart'' and Children having PEM (n =120)
with MUAC <110mm or weight for height median
<70% or weight for height Z score <-3SD & or
bipedal edema'’. Group II was subdivided into
three groups according to Wellcome classification
of PEM and clinical features: Group IIA:
Marasmus (n=30), Group IIB: Kwashiorkor (n=30)

[Mymensingh Med J 2016 Oct; 25 (4)
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and Group IIC: Marasmic kwashiorkor (n = 30).
Sixty (60) well nourished apparently healthy
children were included in the reference group and
ninety (90) children with severe acute malnutrition
(based on clinical findings & anthropometric
parameters) admitted in the Pediatrics wards of
Mymensingh Medical College Hospital were
included in the study group. Blood samples were
collected in the morning from admitted and
outdoor subjects with all aseptic precautions. By
taking all aseptic precautions from each subject 5
ml of blood was collected from median ante-cubital
vein by disposable syringe. Serum Zinc, Copper
Magnesium and Phosphorus were the determined
by Atomic Absorption Spectrometry using
UNICAM - AA Spectrometer, model no. 969,
Spain in Professor Mohammad Hossain central
laboratory Bangladesh Agricultural University.
Informed consent of the parents was taken.

Results

Total 120 subjects were included in the present
study. Subjects were classified into two different
groups. Group I was comprised of 30 children as
reference group (healthy children without PEM
with normal growth). Group II included 90
children with severe acute malnutrition (SAM).

Group II was subdivided into three groups-IIA:
Marasmus (n=30), IIB: Kwashiorkor (n=30) and
IIC: Marasmic kwashiorkor (n=30) (Wellcome
classification). Finally 120 samples of blood (90
from study group and 30 from reference group)
were subjected to biochemical analysis. Serum
magnesium and phosphorus were expressed in
mg/dl and serum zinc and copper were expressed

in pg/dl.

Mean+SD of serum zinc, Cu, Mg & phosphorus of
Group I were found 103.79+8.86 pug/dl,
135.92+13.57 pg/dl, 231:0.18 mgdl and
3.96+0.22 mg/dl respectively and comparing to the
result of Group II mean+SD serum Zn -
60.33+11.08pg/dl, Cu - 80.60+15.46pg/dl, Mg
1.4720.22 mg/dl, Phosphorus - 2.00+0.52 mg/dl
shown in Table I. Difference between this two
groups were found statistically significant (Level
of significance p<0.05).
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Table I Comp
(n=120)

arison of mean+SD serum zinc, copper, magnesium and Phosphorus in Group I and Group 11

Biochemical variables

Group I (n=30)

Group IT (n=90) P value
i e L A Mean+SD Mean+SD
Zine (pg/dl) 103.80+08.86 60.33+11.08 <0.001
Copper (ug/dr) 135.92+13.57 80.60+15.46 <0.001
Magnesium (mg/d1y 02.31+00.18 01.47+00.22 <0.001
Phosphorus (mgy/dt 03.96+00.22 02.0000.52 <0.001
Unpaired “t” test was done between Group 1 and Group II.

Table 1I: Com

i) parison of Mean serum zinc, copper, magnesium and Phosphorus in Group I and Group I1A
n=

Biochemical variables

Group I (n=30) Group IIA (n=30)

P value
Mean+SD Mean+SD
Zinc (pg/dl) 103.79+08.86 62.70+08.90 <0.001
Copper (pg/dl) 135.92+13.57 84.77+08.27 <0.001
Magnesium (mg/dI) 02.31+00.18 01.34+00.21 <0.001
Phosphorus (mg/d1) 03.96+00.22 01.62+00.48 <0.001
Unpaired

t” test was done between group I and group I1A

Mean+SD of serum zin¢c, Cu, M

g & phosphorus of Group I were found 103.79+8.86, 135.92+13.57,
2.31+0.18mg/dl and 3.96+0.22mg/dl respectively and comparing to the result of Group ITA mean+SD
serum Zn - 62.70+8.90pg/dl, Cu - 84.77x8.27ng/dl, Mg - 1.3420.21mg/dl, Phosphorus - 1.62+0.48mg/dl
shown in Table II. Differences between these two groups were found statistically significant (Level of
significance p <0.001).

Table III: Comparison of Mean serum zinc, copper, magnesium and Phosphorus in Group I and Group IIB
(n=30)

Biochemical variables

Group I (n=30) Group IIB (n=30)

P value

Mean+SD Mean+SD
Zinc (pg/dl) 103.79+08.86 51.26+09.83 <0.001
Copper (pg/dl) 135.92+13.57 65.01+12.65 <0.001
Magnesium (mg/dl) 02.31+00.18 01.51+00.16 <0.001
Phosphorus (mg/dl) 03.96+00.22 02.30+00.34 <0.001

Unpaired “t” test was done between Group I and Group IIB.

MeantSD of serum zinc, Cu, Mg & phosphorus of Group I were found 103.79+
135.92+13.57pg/dl, 2.30+0.18mg/dl and 3.96:+0.22mg/dl respectively and comparing to the result of Group
IIB mean+SD serum Zn - 51.26+9.83pg/dl, Cu - 65.01+12.65ug/dl, Mg

- 1.51+0.16mg/dl, Phosphorus -
2.30+0.34mg/d] shown in Table III. Difference between these two groups was found statistically significant
(Level of significance p <0.001).

8.86pg/dl,

[Mymensingh Med J 2016 Oct; 25 (4) 637



Table IV: Comparison of Mean serum zinc, copper, m
(n=30)

WW

agnesium and Phosphorus in Group [ and Group 11¢:

' (n=30
Biochemical variables Group | (n:;)30) Gro;irczlig (Sl;) ) P value
Mean+S -
Zinc (pg/dl) 103.80+08.86 67.03_4:07.:))7 <0.00]
Copper (pg/dl) 135.92+13.57 92.02+10. (3> <0.001
Magnesium (mg/dl) 02.31+00.18 01 -55100-‘218 <0.001]
Phosphorus (mg/dl) 03.96+00.22 02.09+00. <0.00]

Unpaired “t” test was done between group I and group HHC

Mean+SD of serum zinc, Cu, Mg & phosphorus of Group . o i 103'7918‘86%/(1 :
135.92+13.57ug/dl, 2.3020.18mg/dl and 3.9620.22mg/d respectively and comparing to the result of gy,
IIC mean=SD serum Zn - 67.03+7.97ug/dl, Cu - 92.02+10.06pg/dl, Mg - 1.55+0.23mg/dI, Phosphor -
2.09+0.48mg/dl shown in Table VI. Difference between this two groups were found statistically signific,,

(Level of significance p <0.001).

Discussion

This study was designed as comparative cross
sectional one for better comparison of different
biochemical alterations. The reference group
(Group I) was comprised of healthy children
without SAM with normal growth. Allowable
normal range of variation in observation was
between 3™ and 97" centile curves or median (50"
centile) +2SD of weight for age growth chart''.

In this study, we estimated serum zinc level in
different groups of children. Corresponding
. mean+SD of Group I, Group IIA, Group IIB, Group
IIC and Group II were 103.79+8.86pg/dl,
62.70+8.90pg/dl, 51.26+9.83pg/dl, 67.03+7.97pg/dl
and 60.33+11.08pg/dl respectively. The values in all
of PEM groups were significantly lowered when
compared with reference group. This present finding
is supported by different studies®*'*!*. But in
another study in Tanzania, found no significant
difference in serum zinc levels between the control
and the children with PEM® which is not consistent
with our study. There is a possibility of taking any
traditional food rich in zinc by the mothers of the
children with PEM or the children themselves, and
the children may therefore be provided with
sufficient zinc. This may be the cause of normal
serum zinc level in the children with PEM in this
study.

In this study, we estimated serum copper level in
different groups. Corresponding mean+SD of Group

[Mymensingh Med J 2016 Oct; 25 (4)

I, Group IIA, Group IIB, Group IIC and Group It
were 135.92+13.57pg/dl, 84.77i8.27pg/dl‘
65.01+12.65pg/dl, 92.02+10.06pg/d i
80.60+15.46pg/dl respectively. All the valyes of

PEM groups were significantly lower whep
compared with the co(&?:‘gll‘;. leur finding is supported

by the several studies
In this study, we estimated serum magnesium Jeve|

in different groups. Corresponding mean+SD of

Group I, Group IIA, Group IIB, Group IIC ang

Group II were 2.31+0.18mg/dl, 1.34:0.21mg/d|,

1.51+0.16mg/dl, 1.55+0.23mg/dI and

1.47£0.22mg/dl respectively. The values of serum

magnesium in all PEM groups were significantly

lowered when compared with the control. Qur

finding is in agreement with the results of Linder et

al.;7 Caddel et al.'®, Praharaj et al."” and Singla et

al.”.

In the present study, we also estimated the serum
phosphorus level in different groups of children.
Corresponding mean+SD of Group I, Group IIA,
Group IIB, Group IIC and Group II were
3.96x0.22mg/dl, 1.62+0.48mg/dl, 2.30+0.34mg/dl,
2.09+0.48mg/dl and 2.00+0.52mg/dl respectively.
All the values of PEM groups were significantly
lowered when compared with control. Our finding
is in agreement with the studies of Kalra et al.”

Freiman et al.*' and Waterlow et al.>>.

After comparing zinc level in kwashiorkor is
lowest & significantly lower in kwashiorkor than
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Table I: Comparison of mean+SD

(n=120)

Onéginal (ontribution

serum zinc, copper, magnesium and Phosphorus in Group I and Group II

Biochemical variables

Group I (n=30) Group II (n=90) P value
Mean+SD Mean+SD
Zine (ng/di) 103.80+08.86 60.33£11.08 <0001
Copper (ng/di) 135.92413.57 80.6015.46 <0.001
Magnesium (mg/di) 02.31+00.18 01.47400.22 <0.001
M“S (mg/dl) 03.96+00.22 02.00+00.52 <0.001
Unpaired *

Table II: Com

(n=30)

" test was done between Group I and Group II.

parison of Mean serum zinc, copper, magnesium and Phosphorus in Group I and Group IIA

Biochemical variables

Group I (n=30) Group IIA (n=30) P value
Mean+SD Mean+SD
Zinc (ug/dl) 103.79+08.86 62.70+08.90 <0.001
Copper (ng/dl) 135.92+13.57 84.77+08.27 <0.001
Magnesium (mg/dl) 02.31+00.18 01.34+00.21 <0.001
Phosphorus (mg/dI) 03.96+00.22 01.62+00.48 <0.001
Unpaired

t” test was done between group I and group ITA

Mean+SD of serum zinc, Cu, Mg & phosphorus of Group I were found 103.79+8.86, 135.92+13.57.
2.31+0.18mg/dl and 3.96+0.22mg/dl res

serum Zn - 62.70+8.90pg/dl, Cu - 84.7

pectively and comparing to the result of Group ITA mean+SD

T+8.27ug/dl, Mg - 1.34+0.21mg/dl, Phosphorus - 1.62+0.48mg/dI
shown in Table I1. Differences betwee

significance p <0.001).

Table III: Comparison of Mean serum zinc, co

(n=30)

n these two groups were found statistically significant (Level of

pper, magnesium and Phosphorus in Group I and Group IIB

Biochemical variables

Group I (n=30) Group IIB (n=30) P value
Mean+SD Mean+SD
Zinc (pg/dl) 103.79+08.86 51.26+09.83 <0.001
Copper (pg/dl) 135.92+13.57 65.01+12.65 <0.001
Magnesium (mg/dl) 02.31+00.18 01.51+00.16 <0.001
Phosphorus (mg/dl) 03.96+00.22 02.30+00.34 <0.001
Unpaired “t” test was done between Group I and Group IIB.
MeantSD of serum zinc, Cu, Mg & phosphorus of Group I were found 103.79+8.86pug/dl,
135.92+13.57pg/dl, 2.30£0.18mg/dl and 3.96+0.22mg/dl res

pectively and comparing to the result of Group
IIB mean£SD serum Zn - 51.26+9.83pg/dl, Cu - 65.01+12.65ug/dl, Mg

2.30£0.34mg/dl shown in Table III. Difference between these two groups
(Level of significance p <0.001).

- 1.5120.16mg/dl, Phosphorus -
was found statistically significant

[Mymensingh Med J 2016 Oct; 25 (4)
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