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Abstract
Background: The devastating effects of protein energy malnutrition (PEM) among children below age 5-years have been linked with increased free radical toxicity. 
The ability of antioxidant enzymes to scavenge these free radicals depends on some trace mineral elements. 

Method: This study therefore investigated the relationship between some trace elements and endogenous antioxidant enzymes in 98 under-five children with protein-
energy malnutrition (PEM) and 98 age- and sex-matched apparently healthy children (control). Venous blood (2ml) was collected from all subjects for biochemical 
analysis using standard methods. 

Results: Results obtained show that mean serum total protein (55.76 ± 3.95) and albumin (26.43 ± 2.78) levels and superoxide dismutase (SOD) (1.87 ± 0.32) 
and glutathione peroxidase (GPx) (42.38 ± 5.03) activities in malnourished children were significantly lower (p<0.05) than in the control. Mean serum zinc (Zn) 
concentrations (8.37 ± 4.25) in malnourished children were significantly higher (p<0.05) than in the control (5.14 ± 2.39), but mean serum copper (Cu) concentrations 
in malnourished (2.40 ± 1.12) children were lower than in the control (2.82 ± 1.18). There were correlations between these serum levels of trace elements (Zn and 
Cu) and antioxidant enzymes (SOD and GPx) in children with PEM and control. Marasmus (SOD-Zn: 0.03, SOD-Cu: 0.16, GPx-Zn: -0.14, GPx-Cu: 0.05), 
kwashiorkor (SOD-Zn: -0.39, SOD-Cu: -0.39, GPx-Zn: -0.54, GPx-Cu: -0.31), marasmic-kwashiorkor (SOD-Zn: -0.31, SOD-Cu: -0.51, GPx-Zn: -0.41, GPx-
Cu: -0.48) and control (SOD-Zn: 0.12, SOD-Cu: 0.07, GPx-Zn: -0.07, GPx-Cu: -0.08). 

Conclusion: This study reveals that children with PEM are predisposed to high oxidative stress due to increase in free radical production and decrease in antioxidant 
defense system. Therefore, routine laboratory investigation of antioxidants should be conducted for effective management of PEM.
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Introduction
Severe malnutrition is one of the most important underlying causes 

of nearly half of all deaths in children under 5 years of life [1]. The major 
causes for this are poverty, world conflicts, lack of education, natural 
disasters and poor access to health care resources [2-4]. It is responsible 
for at least half of the 7.6 million deaths among children each year 
in developing countries [5]. Protein-energy malnutrition (PEM) is 
one of the most prevalent and devastating forms of malnutrition in 
developing world [6,7]. It is defined as the cellular imbalance between 
the supply of nutrients and energy and the body’s demand for them to 
ensure growth, maintenance, and specific functions [8,9]. PEM results 
from inadequate intake and absorption which may be due to diseases, 
insufficient household food security, inadequate maternal and child 
care, poor sanitation and ignorance [10,11]. 

Marasmus, kwashiorkor and marasmic-kwashiorkor are clinical 
forms of severe PEM [2,12,13]. Marasmus is characterized by muscle 
wasting, anaemia, severe weight loss, growth impairment as well 
as dry and thin hair [14]. Kwashiorkor is characterized by apathy, 
increased susceptibility to infection, hypoalbuminemia, oedema, 
weight loss, growth impairment as well as dry and brittle hair and skin 

lesions [14]. The clinical onset of kwashiorkor usually takes place 
in a shorter period of time as compared to marasmus. Marasmic-
kwashiorkor occurs when there are symptoms of both marasmus 
and kwashiorkor [2,15].

It has been reported previously that, of all children under the age 
of five who suffer from PEM in developing countries, about 38% are 
stunted (low height-for-age), 31% are underweight (low weight-for-
age) and 9% are wasted (low weight-for-height) [16,17]. In Nigeria, 
about 52.6% of under-five children are stunted, 35.1% are underweight 
and 19.9% are wasted [18]. In Kaduna state, 6.8% prevalence of PEM 
was reported in Zaria [19]. Malnutrition leads to depletion of hepatic 
antioxidant stores and enhances hepatic release of free radicals [20]. 
The harmful effects of these free radicals have been documented in 
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children with PEM which is responsible for cell damage leading to 
oedema, fatty liver and skin lesions [21]. 

As described in detail previously [22,23], a state of equilibrium 
occurs between production of free radicals and antioxidant defense 
system in every organism under standard physiological conditions, 
which enable them to neutralize and guard against free radical toxicity. 
The concentrations of free radicals are kept at non-detrimental levels by 
the existence of antioxidant defense system in the cells. Nevertheless, 
the rate of damage caused by free radicals toxicity increases in PEM, 
which results in decreased efficiency of antioxidative and its repair 
mechanisms [24]. Excessive production of free radical arising from 
imbalance in the oxidant/antioxidant equilibrium creates a condition 
known as oxidative stress [23]. The detrimental consequence of 
these free radicals can be prevented by antioxidants. However, the 
efficacy of antioxidant enzymes in scavenging free radicals depends 
on their antioxidant cofactors [25]. These cofactors are trace mineral 
elements such as Zinc, Copper, Molybdenum and Selenium, which 
form the structural bases for the efficacy of the antioxidant enzyme 
defense system [25]. Antioxidant enzymes like superoxide dismutase 
(SOD) and glutathione peroxidase (GPx) are directly involved in the 
detoxification of free radicals through catalytic action [26]. These 
antioxidant enzymes are synthesized by the body but the trace elements 
(Selenium, Zinc and Copper) needed as cofactors must be supplied by 
the diet. Reduced levels of these antioxidant enzymes (SOD and GPx) 
and their cofactors have been found in children with severe PEM which 
results in build-up of free radicals [27,28].

Protein-energy malnutrition (PEM) has a great adverse effect 
on health resulting in poor growth, impaired immunologic factors, 
irritability, apathy and delayed cognitive development [29]. Oedema, 
skin lesion, fatty liver found in severe protein-energy malnourished 
children has been reported to be as a result of the harmful effects of free 
radicals [21] and reduced level of antioxidant defense system. Therefore, 
there is need to carry out a comprehensive study that will provide 
information for the better management of malnourished children. 
Although evidence on the relationship between trace elements and PEM 
is known [29], there is no sufficient evidence or data on the relationship 
between trace elements and antioxidant enzymes among under-five 
children with PEM in Nigeria. Therefore, the results of this study could 
broaden the understanding of the relationship between trace elements 
and antioxidant enzymes in protein-energy malnourished children in 
Nigeria with a view to formulating nutrition intervention programmes 
and policies targeted at reducing the prevalence of this disease and its 
detrimental effect among under-five children.

Subjects and methods
Subjects

The study was conducted in the Out-Patient Clinics of the 
Department of Paediatrics, Ahmadu Bello University Teaching Hospital 
(ABUTH), Shika-Zaria, during the period of May 2013 to May 2014. A 
total of 98 under-five children with PEM were recruited for this study 
and they were age- and sex- matched with 98 apparently healthy well-
nourished under-five children as controls based on clinical findings 
and anthropometric parameters. The patients were divided into five 
different socio-economic classes as described by Olusanya, et al [30]. 
Arrangements were made with the clinicians whereby children who 
satisfied the study inclusion criteria were selected. Informed consent 
for inclusion into this study was sought from the parents/guardians of 
the selected children using standard protocol. Relevant information 
such as the demographic and socio-economic characteristics was 

obtained from the parents/guardians of the selected child through 
oral interview. Ethical approval (protocol number: ABUTH/HREC/
C32/2012) was obtained from the Ethical Committee of ABUTH, 
Shika-Zaria, in accordance with Helsinki declaration.

Blood sample collection
Two milliliters of blood sample were collected from peripheral 

vein by venipuncture using a sterilized syringe from each subject. This 
procedure was carried out by the paediatricians. This was performed 
using a syringe and needle after sterilizing the site with methylated 
spirit. The antecubital fossa was cleaned with methylated spirit and 
allowed to dry. A tourniquet was applied a few centimeters above the 
antecubital fossa to distend the veins, after which blood sample was 
collected using a sterilized 5 ml syringe and 23 G needle. The blood was 
placed in sample bottles and allowed to stand between 30-60 minutes for 
spontaneous blood clotting. The serum was separated from the blood 
cells by centrifugation at 4000 rpm for 5 minutes at room temperature 
and decanted using a Pasteur pipette and used for the assays.

Biochemical analysis
Serum total protein levels were determined using Biuret method as 

described by Reinhold [31]. Serum albumin levels were determined by 
the bromocresol green (BCG) method as described by Hill [32]. Serum 
zinc and copper levels were determined using atomic absorption 
spectrophotometer (Model No. AA240FS), Varian, Sweden. Serum 
superoxide dismutase (SOD) was determined using colorimetric 
method as described by Martin, et al. [33]. Serum glutathione 
peroxidase (GPx) was determined using colorimeteric method as 
described by Paglia and Valentine [34].

Statistical analysis
The results obtained from the questionnaire were subjected to 

descriptive statistics. Statistical analysis was performed using computer 
software programme statistical package for social sciences (SPSS) (version 
20.0 SPSS Incorporation, Chicago, IL, USA). The data obtained from 
protein-energy malnourished children and controls were compared 
using student’s t-test. The results obtained from different classes of 
protein-energy malnourished children and controls were compared 
using one way analysis of variance (ANOVA). The differences between 
the various means were compared using Duncan Multiple Range Test. 
Pearson correlation was used to study the relationship between the 
trace elements and antioxidant enzymes in both malnourished patients 
and controls. All results obtained were expressed as mean ± standard 
deviation. Values of p < 0.05 were considered significant.

Results
Demographic and socio-economic characteristics of study 
groups

The number of patients in each class of PEM group is presented in 
Figure 1. It was observed that 64.29% out of the 98 patients investigated 
in the present study, were marasmus. Exactly 26.53% had kwashiorkor, 
whereas 9.18% had both conditions (marasmic-kwashiokor).

Table 1 shows the demographic and socio-economic characteristics 
of the study groups. The patients and controls subjects had mean age 
(months) of 18.54 ± 7.10 and 18.41 ± 9.93 respectively. Majority of 
the children were in the age group 12-23 months. Most of the PEM 
patients and controls were Hausas (89.71%) and (70.41%) respectively. 
The highest proportions of the PEM patients were from parents with 
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lower economic and educational status (72.45%), while the controls 
were from parents with higher economic and educational status 
(67.26%). 

Feeding characteristics of PEM patients

Table 2 shows the results of feeding characteristics among PEM 
patients. The results showed that majority of the patients with PEM 
and controls were not exclusively breast-fed, (76.53%) and (63.27%) 
respectively. Although, the practice of exclusive breast-feeding was 
lower in the PEM patients than in the controls. However, less than half 

of the PEM patients and control subjects were still breast- fed, (38.78%) 
and (44.81%) respectively.

Serum biochemical parameters of PEM patients

Table 3, shows the serum biochemical parameters in PEM patients 
and control subjects. The obtained data indicates that the total protein, 
albumin, SOD and GPX were significantly lower (p<0.05) in PEM 
patients than in the control subjects, while serum zinc concentrations 
in PEM patients were significantly higher (p<0.05) than in the control 
subjects.

Serum total protein and albumin levels in different classes of 
PEM patients

Table 4 presents the levels of serum total protein and albumin in 
different classes of PEM patients. The results show that the serum total 
protein and albumin levels in marasmus, kwashiorkor and marasmic-
kwashiorkor were significantly lower (p<0.05) than in controls. 
However, there was no significant difference (p>0.05) in serum total 
protein and albumin levels between kwashiorkor and marasmic-
kwashiorkor, but there was a significant difference (p<0.05) in serum 
total protein and albumin levels between marasmus with kwashiorkor 
and marasmic-kwashiorkor.

Serum zinc and copper concentration in different classes of 
PEM patients

Table 5 shows the serum zinc and copper concentrations in 
different classes of PEM patients and control subjects. The serum 
zinc concentrations in patients with marasmus, kwashiorkor and 
marasmic-kwashiorkor were significantly higher (p<0.05) than in 
control subjects. However, there was no significant difference (p>0.05) 
in serum copper concentration in marasmus, kwashiorkor and 
marasmic-kwashiorkor compared with that of the control subjects, 
but serum copper concentration was significantly higher (p<0.05) in 
kwashiorkor compared with that of the marasmic-kwashiorkor.

Serum superoxide dismutase and glutathione peroxidase 
levels in different classes of PEM patients and control subjects 

Serum levels of superoxide dismutase and glutathione peroxidase 
in different classes PEM patients and control subjects are presented 
in Table 6. The results show that, superoxide dismutase (SOD) and 
glutathione peroxidase (GPx) levels were significantly lower (p<0.05) 
in marasmus, kwashiorkor and marasmic-kwashiorkor compared 
with that of the control subjects. However, there was no significant 

Figure 1. Distribution of Each Class of Protein-Energy Malnutrition among the Study 
Group.

Characteristics Number of 
PEM Patients Percentage (%)

Number 
of Control 
Subjects

Percentage (%)

Age group 
(months)

1-11 14 14.29 30 30.61
12-23 59 60.20 35 35.71
24-35 22 22.45 26 26.53
36-47 2 2.04 5 5.10
48-59 1 1.02 2 2.04
Sex

Males 57 58.16 57 58.16
Female 41 41.84 41 41.84

Ethnicity 
Hausa 88 89.71 69 70.41
Yoruba 0 0.00 5 5.10
Others 10 10.20 24 24.49

Social class 
I 1 1.02 27 27.55
II 8 8.16 39 39.71
III 18 18.37 16 16.33
IV 34 34.69 8 8.16
V 37 37.76 8 8.16

Social class: refers to group of people within a society who possesses the same economic 
and social position based on education, income and occupation. Social classes I and II 
are people from higher socio-economic status, III and IV are people from lower socio-
economic status. Social class V are people from the least socio-economic status.

Table 1.  Demographic and socio-economic characteristics of study groups.

Characteristics Number of 
PEM Patients Percentage (%)

Number 
of Control 
Subjects

Percentage (%)

Exclusively 
breastfed 
children

Yes 23 23.47 36 36.73
No 75 76.53 62 63.27

Weaning period 
≤ 5months 5 5.10 1 1.02

6-11 9 9.18 2 2.04
12-17 20 20.41 24 24.49
≥ 18 24 24.49 27 27.55

Still breast fed 38 38.78 44 44.81
Not breast fed 2 2.04 0 0.00

PEM = Protein-Energy Malnutrition.

Table 2. Feeding characteristics of children with PEM and control subjects.
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difference (p>0.05) in the levels of these enzymes in children with 
kwashiorkor and those with marasmic-kwashiorkor.

Pearson correlation between serum concentrations of zinc 
and copper with serum levels of SOD and GPX in different 
classes of PEM patients and control subjects

Pearson’s correlation between serum concentrations of zinc and 
copper with serum levels of SOD and GPx in different classes of PEM 
patients and control subjects are presented in Table 7. There were 
positive correlations between serum zinc and copper with SOD in 
both marasmus and controls but not in kwashiorkor and marasmic-
kwashiorkor. However, GPx activities were negatively correlated 

with both zinc and copper in almost all the groups except copper in 
marasmus.

Discussion
In this study, the status of both antioxidant enzyme activities 

together with some relevant trace elements and their possible 
relationship among under-five children having marasmus, kwashiorkor 
and marasmic-kwashiorkor as well as apparently healthy children were 
examined. Majority of the subjects in the present investigation were 
Hausas. Their lower socioeconomic status as observed, contributed 
to the inadequate nutritional intake as a result of poverty. Decreased 
activities of both SOD and GPx in protein-energy malnourished 
children with marasmus, kwashiorkor and marasmic-kwashiorkor 
may be due to deficiency of certain trace elements which forms the 
integral part of these enzymes [35]. Serum Cu and Zn are integral 
parts of Cu-Zn SOD containing enzyme [25,36] and Se which is an 
integral part of Se-GPX containing enzyme [25,37]. It may also be due 
to harmful levels of free radicals found in children with protein-energy 
malnutrition (PEM) [21,38]. However, reduction of SOD and GPx 
activities in kwashiorkor and marasmic-kwashiorkor compared with 
marasmus, may be related to the severity of the disease. These results 
are in agreement with the report of El-Hassan, et al. [35] and Golden 
and Ramadath [38]. 

Biochemical evidence of serum zinc and copper deficiencies has 
been reported in children with PEM [27]. Such evidence has also 
been provided by the present study, with reference to copper but not 
zinc. Increase in serum zinc levels in children with PEM may be due 
to environmental zinc contamination, or it could be possible that 
some of the PEM children were already receiving zinc supplement 
since PEM is associated with diarrhoea and zinc supplementation has 
been found to reduce the duration and severity of diarrhoea [39]. In 
addition, oedema fluid has been found to contain substantial amount 
of zinc which is protein bound [40]. Although, there was no significant 
difference in serum zinc levels between marasmus, kwashiorkor and 
marasmic-kwashiorkor, but there was significant difference between 
children with PEM and control subjects. Zinc deficiency in apparently 
healthy children (controls) may be due to, dietary deficiency such as 
abnormally low zinc content in human milk or the low availability of 
zinc in cow’s milk which is even lower than human milk [40]. Another 
contributing factor could be low content of zinc in the soil or phytate 
which is present in most foods of plant origin like whole grain cereals, 
which constitute the most important sources of nutrients for children 
in our environment [41] and may also inhibit zinc absorption [42]. 
These results are in agreement with that of Ashour, et al. [43], who 
reported elevated zinc levels in children with PEM compared with their 
control subjects, and also in agreement with Hegazi, [44] who reported 
low serum zinc level in apparently healthy children in developing 
countries compared with the children of developed countries. The 
present work reveals a positive correlation between serum levels of zinc 
and copper with SOD activity in children with marasmus and control 
subjects, but shows a negative correlation between serum levels of 
zinc and copper with SOD activity in children with kwashiorkor and 

Group Total Protein (gm/dl) Albumin (gm/dl) Zinc 
(mg/l) Copper (mg/l)   SOD 

  (U/l)
GPX 
(U/l)

PEM Patients 55.76 ± 3.95a 26.43 ± 2.78a 8.37 ± 4.25b 2.40 ± 1.12a 1.87 ± 0.32a 42.38 ± 5.03a

Control Subjects 64.72 ± 2.87b 37.46 ± 3.36b 5.14 ± 2.39a 2.82 ± 1.18a 2.41 ± 0.22b 58.78 ± 3.98b

Values are Mean ± SD. Values with different superscripts down the column are significantly different (p<0.05), Sample size = 98 per group, SOD = Superoxide dismutase, GPx = 
Glutathione peroxidase, PEM = Protein-Energy Malnutrition.

Table 3. Serum biochemical parameters of PEM patients.

Groups Total Protein (gm/dl) Albumin (gm/dl)
Marasmus 56.57 ± 3.54b 26.92 ± 2.62b

Kwashiorkor 51.20 ± 2.95a 23.00 ± 2.55a

Marasmic-kwashiorkor 51.30 ± 3.30a 24.10 ± 1.73a

Control Subjects 64.72 ± 2.87c 37.46 ± 3.36c

Values are means ± SD. Values with different superscripts are significantly different 
(p<0.05) down the column.

Table 4. Serum total protein and albumin levels in different classes of PEM patients and 
control subjects.

Groups Zinc (mg/l) Copper (mg/l)
Marasmus 8.32 ± 4.32b 2.73 ± 0.94ab

Kwashiorkor 9.36 ± 1.76b 3.76 ± 2.49b

Marasmic-kwashiorkor 8.30 ± 4.77b 1.96 ± 1.04a

Control Subjects 5.14 ± 2.39a 2.82 ± 1.18ab

Values are means ± SD. Values with different superscripts are significantly different 
(p<0.05) down the column.

Table 5. Serum zinc and copper concentration in different classes of PEM patients and 
control subjects.

Groups SOD (U/l) GPx (U/l)
Marasmus 1.92 ± 0.21b 43.28 ± 4.48b

Kwashiorkor 1.72 ± 0.13ab 35.40 ± 4.72a

Marasmic-kwashiorkor 1.54 ± 0.32a 38.40 ± 5.25a

Control Subjects 2.14 ± 0.22c 58.78 ± 3.98c

Values are means ± SD. Values with different superscripts are significantly different 
(p<0.05) down the column. SOD = Superoxide dismutase, GPx = Glutathione 
peroxidase.

Table 6. Serum superoxide dismutase and glutathione peroxidase levels in different classes 
of PEM patients and control subjects.

Groups SOD* GPx*

Marasmus
Zn 0.03 -0.14
Cu 0.16  0.05

Kwashiorkor
Zn -0.39 -0.54
Cu -0.39 -0.31

Marasmic-
kwashiorkor

Zn -0.31 -0.41
Cu -0.51 -0.48

Control Subjects
Zn  0.12 -0.07
Cu  0.07 -0.08

Table 7. Pearson correlation between serum concentrations of zinc and copper with serum 
levels of SOD and GPX in different classes of PEM patients and control subjects.
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marasmic-kwashiorkor. However, this study has not demonstrated any 
positive correlation between serum zinc levels and GPx activity in all 
the groups. 

With respect to serum copper, low level was observed in marasmic 
children. This may be due to reduction in albumin or ceruloplasmin 
(copper-carrying protein in the blood) which is attributed to its 
excessive loss, destruction or inability to be synthesized leading to 
lack of copper transport to the liver [45]. Another contributing factor 
that may lead to copper deficiency in marasmic cases is repeated bouts 
of acute and chronic diarrhoea, as well as malabsorption which are 
common with PEM children [46]. The results of the present study are 
in accordance with the reports of Ibrahim [47] and Ashour, et al. [43]. 
The present study also reveals a positive correlation between serum 
copper levels and GPx activity in children with marasmus, but shows a 
negative correlation between serum copper levels and GPx activity in 
kwashiorkor, marasmic-kwashiorkor and control groups.

The low serum total protein and albumin levels in children with PEM 
may reflect liver synthetic failure or diseases such as chronic hepatitis 
among the PEM children. However, decrease levels of total protein 
and albumin in children with kwashiorkor and marasmic-kwashiorkor 
compared with marasmus suggests an abnormally low protein in the 
blood (hypoproteinemia), due to severe limitation of protein intake in 
the diet. Decreased serum protein decreases the osmotic pressure of 
the blood, leading to loss of fluid from the intravascular compartment 
or the blood vessels to the interstitial tissues, resulting in oedema. The 
present observations in this study are in harmony with those of previous 
investigators with respect to malnutrition in children [29,43,48].

Conclusion
Antioxidants play a very important role in the body defense system 

against reactive oxygen species [25]. The results of this study reveal low 
levels of SOD and GPx activities in children with PEM which make them 
liable to certain oxidative effect of reactive oxygen species. The children 
with PEM are also characterized by low levels of serum copper, total 
protein and albumin, all pointing to the fact that children with PEM are 
predisposed to severe oxidative stress. In spite of improvement in food 
availability and poverty alleviation programmes, Nigeria still stands at 
a very vulnerable position with one of the highest prevalence of under-
nutrition in the world like India [49,50]. Hence, routine laboratory 
investigation of blood endogenous antioxidants should be conducted 
for effective management of PEM. All predisposed under-five children 
attending the Out-Patient Clinics should be thoroughly examined for 
signs of malnutrition especially in developing countries like Nigeria. 
Promotion of good hygienic practice, health education, immunization 
programmes and family planning, specifically in rural and sub-urban 
regions in Nigeria should be intensified. Exclusive breast feeding for 
six months, adequate complementary feeding from six months and 
food fortification should be encouraged among under-five children in 
Nigeria as measures against developing PEM.
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