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ABSTRACT 
 
Aims: To assess the serum albumin and selected antioxidant status in 51 children with protein 
energy malnutrition (PEM) in Sokoto, Nigeria. 
Study Design:  A cross-sectional study was performed comparing two groups of children, one with 
confirmed case of PEM and the other apparently healthy children; both groups were gender, age 
and socioeconomically matched. 
Place and Duration of Study: Departments of Paediatrics, Usmanu Danfodiyo University Teaching 
Hospital, Sokoto and Chemical Pathology, Faculty of Medical Laboratory Sciences, Usmanu 
Danfodiyo University, Sokoto, between April, 2014 and September, 2015.   
Methodology: We included fifty (51) children (of both sexes, aged range 6-60 months) with 

Original Research Article  



 
 
 
 

Mainasara et al.; BJMMR, 15(2): 1-7, 2016; Article no.BJMMR.25130 
 
 

 
2 
 

confirmed cases of protein energy malnutrition were included in this study. The modified Wellcome 
classification was used to classify the protein energy malnourished children into underweight (14), 
marasmus (17), kwashiorkor (10) and marasmic-kwashiorkor (10). Fifty (50) gender- age-and 
socioeconomically-matched apparently healthy children were used as controls. The subject 
selection, anthropometric parameters and clinical examinations were performed by the consultant 
paediatricians in the clinic. Standard procedures were used for the analyses of biochemical 
parameters. 
Results: Our results showed that, mean mid-upper arm circumference (MUAC), weight, body mass 
index (BMI), were significantly (P<0.001) lower in the malnourished group compared with the control 
group. With the exception of MUAC which decreased significantly (p<0.001) with increasing severity 
of malnutrition, the mean weight, and BMI were not significantly (p>0.05) different among the 
different classes of PEM. Serum Albumin, α-tocopherol, copper and zinc were significantly 
(P<0.001) lower in the malnourished group compared with the control group. Serum Albumin, α-
tocopherol, copper and zinc decreased significantly (P<0.001) with increasing severity of 
malnutrition. 
Conclusion: Our results showed that serum albumin, α-tocopherol, copper and zinc were 
significantly lower in the malnourished group than the control group (p<0.001). The decrease in the 
serum albumin, α-tocopherol, copper and zinc progressed with the increasing severity of 
malnutrition among the children. These findings suggest an altered protein and antioxidant status in 
protein energy malnutrition. In addition to providing proteins and calories, adequate 
supplementations of zinc, copper and α-tocopherol should be provided. These should be part of 
nutritional rehabilitation of malnourished children in order to achieve optimal results of management 
and avoid clinical complications associated with zinc, copper and vitamin E deficiencies. 
 

 
Keywords: Protein energy malnutrition; tocopherol; copper; zinc Sokoto; Nigeria. 
 
1. INTRODUCTION 
 
Protein energy malnutrition (PEM) is a major 
public health problem associated with high 
morbidity and mortality [1]. It is widely distributed 
in the tropical and sub-tropical regions of the 
world and often arises during protein and/or 
energy deficit due to nutritional inadequacy, 
infections and poor socio-economic and 
environmental conditions [2]. Protein Energy 
Malnutrition (PEM) applies to a group of related 
disorders that include marasmus, kwashiorkor 
and intermediate states of marasmic-kwashiorkor 
[3]. 
 
Malnutrition may also be as a result of 
inadequate food intake secondary to food 
scarcity, ineffective or unplanned weaning 
secondary to ignorance, gastrointestinal 
infections resulting to diarrhoea and vomiting and 
in developed countries, decreased absorption or 
abnormal metabolism secondary to diseases 
such as cystic fibrosis, chronic renal failure, 
childhood malignancies and congenital heart 
failure [3]. 
 
Globally an estimated 925 million people were 
reported as undernourished in 2010, an increase 
of 80 million people since 1990, with most                           
of them living in developing countries [4]. In 

these countries, malnutrition usually makes                        
its greatest impact on pre-scholars (i.e. children 
under the age of five years) [5]. In Nigeria,                     
22% to 40% mortality among children below                    
the age of five has been attributed to PEM [6] 
and this was thought to be due to increased 
nutrient requirements associated with growth               
[5].  
 
Altered macronutrients and micronutrients levels 
were found in PEM [1]. Studies have shown that, 
protein energy malnourished children are 
oxidatively stressed resulting from the excessive 
production of free radicals. Studies have shown 
that, serum antioxidant vitamins A, C and E and 
minerals copper and zinc were significantly 
reduced in malnourished children and increased 
the severity of malnutrition [7,8].  
 
Vitamin E (tocopherol) is a powerful lipophilic 
antioxidant which protects unsaturated lipids 
against peroxidation and erythrocyte membrane 
from oxidant stress and is associated with                  
drug metabolism; haem biosynthesis and 
neuromuscular function [9] and it had also been 
reported to enhance immune responses and is 
effective against bacterial infections [10]. The 
concentration of vitamin E in the plasma depends 
on dietary intake and plasma lipid concentration 
[11].  
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Albumin binds various substances (such as 
hormones, iron, fatty acid and drugs) and 
transports them to the various sites in the body 
where they are needed. It is also responsible for 
most of the colloid osmotic pressure of the 
intravascular fluid, which maintains the 
appropriate fluid balance in the tissues [9].  
 
Micronutrients intake could play an important role 
in the management of children with PEM. In the 
present study, the changes in serum tocopherol, 
copper, zinc and albumin were assayed in PEM 
in order to define the status in protein energy 
malnourished children. The results may prove 
useful for the improvement of the management of 
affected children with malnutrition. 
 
2. MATERIALS AND METHODS  
 
2.1 Study Subjects and Study Site 
  
Fifty one (51) malnourished children as defined 
by Wellcome classification [12] are grouped into 
14 cases of underweight, 17 cases of marasmus, 
10 cases of kwashiorkor and 10 cases of 
marasmic- kwashiorkor children (age range 6-60 
months) were included in the study was 
conducted in the Departments of  Chemical 
Pathology and Paediatrics, Usmanu Danfodiyo 
University, Sokoto. Fifty (50) gender, age-and 
socioeconomically matched children attending 
the Paediatric Outpatient Clinic, of the Usmanu 
Danfodiyo University, Sokoto, for routine 
checkup served as controls. The inclusion criteria 
are those children with all the features 
suggestive of PEM such as oedema, hair and 
skin changes and subjects must be confirmed as 
having PEM. Controls are apparently healthy 
children attending the Paediatrics Outpatient 
Clinic.  
 
2.2 Study Design  
 
“Data were obtained by administering                            
a structured interviewer-administered 
questionnaire and samples for biochemical 
analysis were obtained by experienced Physician 
(phlebotomist).”  
 
2.3 Ethical Approval 
 
The study was approved by the Ethics and 
Research Committee of Usmanu Danfodiyo 
University Teaching Hospital (UDUTH) Sokoto 
and written informed consent obtained from the 
mothers or surrogates of all the children before 
commencement of the study.  

2.4 Blood Samples Collection and 
Processing 

 
About five millilitres (5) of blood samples were 
collected by venepuncture into plain vacutainer 
blood specimen bottles from children with 
prominent veins and from femoral tap in children 
whose veins are tiny. The sera were separated 
into clean serum bottles (Eppendorf) after 
centrifuging at 3000 rpm for 5 minutes. The sera 
were rapidly frozen at -20°C and stored until 
assayed in batches.   
 
2.5 Measurement of Anthropometric 

Parameters 
 
Anthropometric parameters were measured 
according to the method described by Abdoul 
Razak [13]. The children were weighed with 
minimum clothing to the nearest 0.1 kg with a 
spring scale; mothers were weighed with a 
weighing balance with minimum clothing; the 
supine lengths of children were measured to the 
nearest 0.1 cm against a flat horizontal surface 
using a standard length board; mothers heights 
were measured using a stadiometer to the 
nearest 0.1 cm; mid-upper arm circumference 
(MUAC) was measured to the nearest 0.1 cm 
with an inelastic tape. Body mass index (BMI) 
was calculated using the equation:  weight in kg 
divided by the square of the height in meters 
[weight (kg)/height (m2)].    
 
2.6 Measurement of Biochemical 

Parameters 
 
Serum albumin was estimated using colorimetric 
technique described by Doumas [14]. Serum α-
tocopherol (vitamin E) was estimated by the 
method of Hashim and Schuttringer [15], while 
serum copper and zinc were estimated by atomic 
absorption spectrophotometric method (AAS) as 
described by Kaneto [16], using atomic 
absorption spectrophotometer, Buck model 205 
manufactured by Buck Scientific Inc. 58 Fort 
Point St. East Norwalk, CL 06855. 
 
2.7 Statistical Analysis  
 
The data obtained were analysed using Microsoft 
Office Excel 2007 and Graphpad InStat® 
statistical soft ware Version 3.10, 32 Bit for 
windows (2009). The results were expressed as 
mean ± SEM. Group comparisons were made 
using one-way analysis of variance (ANOVA), 
paired comparisons were carried out using the 
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Student’s t-test, p≤0.05 was considered as 
significant.   
 
3. RESULTS AND DISCUSSION  
 
3.1 Results 
 
A total of one hundred and one (101) children,                    
of both sexes, aged 6-60 months were                
recruited for this study. They consisted of fifty 
(50) controls and fifty-one (51) malnourished 
children (Table 1). The mean ± SEM of 
anthropometric parameters of PEM patients                   
and controls is shown in Table 2. The mean 
MUAC, weight and BMI, in the malnourished 
group children were significantly (P<0.001)         
lower than the corresponding values in              
controls. 
 
According to the modified Wellcome 
classification, subjects were divided into four 
groups as shown in Table 3. As indicated in the 
Table, MUAC decreased significantly (p<0.001) 

with increasing severity of malnutrition, but the 
mean weight, and BMI were not significantly 
(p>0.05) different among the different classes of 
PEM. 
 
Table 4 showed the mean serum albumin and 
selected antioxidants in PEM patients and 
controls. Here, the mean serum albumin, copper, 
zinc and α-tocopherol were significantly 
(P<0.001) lower in the protein energy 
malnourished groups compared with the control 
group. The mean serum levels of albumin, 
copper, zinc and α-tocopherol also decrease 
significantly (p<0.001) with increasing severity of 
malnutrition (Table 4). 
 
The serum albumin and selected antioxidants in 
PEM patients according to the modified 
Wellcome classification is presented in Table 5. 
As indicated in the Table, the serum albumin, 
zinc, copper and α-tocopherol decreased 
significantly (p<0.001) with increasing severity of 
malnutrition. 

 
Table 1. Gender distribution of PEM patients and co ntrols 

 
Parameter PEM patients Controls 

Male  Female  Total Male  Female Total 
Frequency  35 16 51 30 20 50 
Percentage (%)  65.6 31.4 100 60 40 100 

 
Table 2. Anthropometric parameters among PEM patien ts and controls 

 
Parameter PEM patients  

(n=51) 
Controls 
 (n=50) 

P-value 

Weight (Kg) 6.1±0.18 10.5±0.27 P<0.001 
Length/Height (cm) 74±1.09 79±1.15 P<0.05 
MUAC (cm) 11±0.30 17±0.28 P<0.001 
BMI Kg/m2 10±0.21 15.8±0.17 P<0.001 
Values are mean ±SEM, n= number of subjects, MUAC= mid upper arm circumference, BMI= body mass index, 

Kg= kilogram, cm= centimeter, Kg/m2= kilogram per meter square 
 

Table 3. Anthropometric parameters (Mean ± SEM) of PEM patients according to classes of 
malnutrition  

 
Parameter  Classes of malnutrition  P-value  

Underweight  
(n=14) 

Marasmus  
(n=17) 

Kwashiorkor  
 (n=10) 

Marasmic -
Kwashiorkor  
(n=10) 

Weight (Kg) 6.5±0.39 5.9±0.28 6.5±0.40 5.7±0.39 P>0 .05 
Length/Height(cm) 74±3.38 74±1.12 76±1.5 71±1.73 P>0 .05 
MUAC (cm) 12.0±0.34 9.4±0.22 9.9±0.30 9.9±0.40 P<0.0 01 
BMI Kg/m2 12.1±0.77 10.8±0.43 11.2±0.45 11.3±0.45 P>0.05 
Values are mean ±SEM, n= number of subjects, MUAC= mid upper arm circumference, BMI= body mass index, 

Kg= kilogram, cm= centimeter, Kg/m2= kilogram per meter square 
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Table 4. Serum albumin and selected antioxidants in  PEM patients and controls 
 
Parameter  PEM patients  

(n=51) 
Controls  
(n=50) 

P-value  

Albumin (g/dl)  2.9±0.95 3.7±0.11 P<0.001 
Zinc (µg/dl) 67±2.30 83±2.43 P<0.001 
Copper (µg/dl) 63±2.25 81±2.94 P<0.001 
α-Tocopherol (µg/dl) 0.4±0.32  0.6±0.26 P<0.001 
Values are mean ±SEM, n= number of subjects, all the parameters in the patients differ significantly (p<0.001) 

compared with controls 
 

Table 5. Serum albumin and selected antioxidants am ong PEM patients according to classes 
of malnutrition 

 
Parameter  Classes of malnutrition  P-value  

Underweight  
(n=14) 

Marasmus  
(n=17) 

Kwashiorkor  
 (n=10) 

Marasmic -
Kwashiorkor  
(n=10) 

Albumin (g/dl) 3.6±0.16 2.8±0.11 2.7±0.12 2.5±0.18 P<0.001 
Copper (µg/dl) 84±2.04 56±2.13 55±3.14 52±3.09 P<0.001 
Zinc (µg/dl) 89±1.91 62±2.03 57±3.35 56±3.4 P<0.001  
α-Tocopherol (µg/dl) 0.7±0.49 0.4±0.04 0.4±0.07 0.4±0.06 P<0.001 
Values are mean ± SEM, n= number of subjects, all the parameters in the patients differ significantly (p<0.001) 

with the severity of malnutrition 
 
3.2 Discussion  
 
Our observed mean weight, length/height, MUAC 
and BMI in PEM patients were significantly lower 
compared to controls. This is consistent with the 
report of Alatrouni [17] who indicated the mean 
weight of the malnourished children was 
significantly lower than in controls. Our report 
also corroborated with the previous researchers 
[18,19], who reported significant decreases in 
weight and length/height compared to controls. 
Our finding of a significantly decreased MUAC is 
in agreement with Alatrouni [17], who attributed 
this to muscle atrophy which is found in all types 
of PEM. Bhatia et al. [20] also reported that the 
decrease in MUAC may be due to loss of 
subcutaneous fat which is observed in marasmus 
and marasmic-kwashiorkor. The mean MUAC 
was significantly (p<0.001) lower in the 
malnourished children and the differences were 
more marked with the increasing severity of 
malnutrition, though the mean weight, and BMI 
were similar among the different classes of PEM.  
 
Deficiency of macro- and micro-nutrients is 
associated with malnutrition with stress factors 
associated with malnutrition resulting in the 
production of reactive oxygen species and 
subsequent reduction in plasma antioxidants in 
children with protein energy malnutrition [7]. The 
result of low antioxidant status in these children 
has been confirmed in the present study. 

Decrease serum albumin that occurred with 
increasing severity of malnutrition was in 
agreement with the report of Adegbusi et al. [21] 
and Rahman et al. [22] who independently 
reported mean serum albumin levels that were 
significantly lower in malnourished children as 
compared to controls (p<0.05). The alterations in 
serum α - tocopherol levels in PEM could be 
explained on the basis of decreased protein 
intake and reduced biosynthesis [17].  
 

The mean serum zinc, copper and α- tocopherol 
were significantly decreased in the malnourished 
children compared to the corresponding control 
values. Both copper and zinc are important 
components of superoxide dismutase, an 
antioxidant enzyme that catalyses the univalent 
reduction and oxidation of superoxide anion (O2

.-) 
to hydrogen peroxide (H202) and molecular 
oxygen [23]. Alpha (α) - tocopherol is a major 
lipid soluble antioxidant present in all cell 
membranes where it protects membranes 
against lipid peroxidation [24]. The deficiency of 
these trace elements and α- tocopherol, which 
scavenge free radicals, leads to the 
accumulation of excess free radicals and 
subsequently leading to oxidative tissue damage. 
 

Decreased serum copper in malnourished 
children may be attributable to poor dietary 
intake, increased losses from gastrointestinal 
tract, and low caeruloplasmin levels [25]. 
Mechanism by which lower serum levels of 
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copper and zinc occurred concurrently is not 
known, since the two elements exhibit 
antagonistic relationships [26].  
 
In the present study, the mean serum zinc and 
copper decreased significantly with increasing 
severity of malnutrition. Highest serum zinc 
values were observed in underweight patients 
and the least value in kwashiorkor patients. This 
is consistent with earlier findings indicating that 
antioxidant minerals copper and zinc decreased 
significantly in malnourished children [25-27].  
Mean serum albumin and α-tocopherol levels 
also decrease significantly in the different 
classes of PEM patients. Our findings are 
consistent with the report of Abrol et al. [11], who 
reported gradual decrease in serum levels of α-
tocopherol with the severity of malnutrition. This 
could be attributed to the disturbed low density 
lipoprotein (LDL) metabolism since α-tocopherol 
is known to be delivered to cells via the high 
affinity receptors for LDL. It is possible that the 
low levels of circulating antioxidants such as 
zinc, copper and α-tocopherol is due to either 
increased utilization of the antioxidant 
micronutrients or decreased synthesis of such 
antioxidants in protein malnourished children [7]. 
 

4. CONCLUSION 
 
Our results showed that serum albumin, α-
tocopherol, copper and zinc were significantly 
lower in the malnourished group than the control 
group. The observed decrease in the serum 
albumin, α-tocopherol, copper and zinc 
progressed with the increasing severity of 
malnutrition among the children. These findings 
suggest an altered protein and antioxidant status 
in protein energy malnutrition. In addition to 
providing proteins and calories, adequate 
supplementations of zinc, copper and α-
tocopherol should be provided. These should be 
part of nutritional rehabilitation of malnourished 
children in order to achieve optimal results of 
management and avoid clinical complications 
associated with zinc, copper and α-tocopherol 
deficiencies. 
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