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Abstract 



Protein energy malnutrition is the most widespread nutritional deficiency disorder of mankind and continues to be a major public health burden
particularly in developing countries. The aim of this case-control study was to determine the changes in the ascorbic acid levels among children with
PEM in Sokoto, North Western Nigeria. The study included a total of 90 children (47 subjects with Protein Energy Malnutrition and 43 apparently
healthy controls) aged 6 months-5 years, admitted to the Paediatric units of Usmanu Danfodiyo University Teaching Hospital and Specialist Hospital,
Sokoto. Ascorbic acid levels were assayed by a standard chemical method. Nutritional status was determined using the Welcome Trust Classification.
Data were analyzed using SPSS 22.0 statistical package. A p-value ≤ 0.05 was considered significant in all statistical comparisons. The mean value of
ascorbic acid was significantly lower among subjects (0.82±0.04mg/dl) compared to controls (1.06±0.02 mg/dl) (p=0.0001). Underweight subjects
had lower ascorbic acid levels when compared with other types of protein energy malnutrition (p=0.0001). Protein energy malnutrition was more
prevalent among children from low socioeconomic class whose mothers have no formal education. Marasmus was the most common type of protein
energy malnutrition. Finding from this study seems a justification to monitor the ascorbic acid levels in children with PEM and to possibly offer ascorbic
acid supplementation for those that are deficient. There is need for infant feeding practice to be strengthened by promoting exclusive breast feeding.
There is also the need for increased enrollment of women in schools, enlightenment on nutritional education and empowerment of women to improve
their socioeconomic status.
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Introduction



Nutrition may be defined as the sum of the process by which a
living organism receives nutrient materials from the environment
and uses them to promote its own vital activities [1]. Malnutrition
continues to be a major health burden in developing countries. It is
globally the most important risk factor for illness and accounts for
half of children death worldwide [2]. PEM is responsible, directly or
indirectly, for 54% of the 10.8 million deaths per year in children
under five years of age. It also contributes to every second death
associated with infectious diseases among childrens under five
years of age in developing countries [3]. It was estimated that
41% of the under five children are undernourished in Nigeria with
majority seen in the North Western part of the country [4].


The WHO defined malnutrition as the cellular imbalance
between the supply of nutrients and energy and the body's 
demand for them to ensure optimum growth maintenance and
specific function [5]. Malnutrition is one of the major public health
challenges in developing countries. Usually it is referred to as a
“silent emergency” as it has devastating effects on children, society
at large and the future of mankind. The net loss of body protein
particularly skeletal muscle protein is a major factor responsible
for Protein Energy Malnutrition [6,7]. Malnutrition is currently the
leading cause of global burden of disease [8] and has been identified
as the underlying factor in about 50% of deaths in children's under
5 years of age in developing countries [9]. The condition may result
from lack of food or from infections that cause loss of appetite
while increasing the body's nutrient requirements and losses. It
is estimated that in developing countries, more than one-quarter
of all children younger than 5 years of age are malnourished [10].
Malnutrition is commonly referred to as “the silent emergency and 
it is said to be an accomplice in at least half of the 10.9 million child
deaths each year in developing countries. Of all the various forms of
malnutrition, protein energy malnutrition (PEM) is considered the
most lethal and infants are its targeted victim [11].



Protein Energy Malnutrition (PEM) is defined as a spectrum of
diseases arising as a result of an absolute or relative deficiency of
calories and/or protein in the diet [12,13]. PEM previously referred
to as protein-calorie malnutrition (PCM) describes the severe
forms of malnutrition seen in childhood (kwashiorkor, marasmickwashiorkor,
marasmus and underweight) and the nutritionally
determined growth retardation that precedes these clinical
syndromes [14,15]. The two severe forms of PEM are kwashiorkor
and marasmus. Kwashiorkor is due to insufficiency of good quality
proteins to meet the demand of growth and tissue repairs, while
marasmus is due to chronic starvation and deficiency of total
calories, including proteins [16]. PEM is a major public health
problem particularly in developing countries of the world and
often arises during protein and/or energy deficit due to nutritional
inadequacy, infections, poor socio-economic and environmental
conditions [17-19].




UNICEF estimated in 2005 that malnutrition was associated
with approximately 50% of child deaths worldwide. It is associated
with 49% of the 10 million deaths occurring in children in the
developing world and 52% of all under five deaths in Nigeria
[20] with 24% and 16% of the total under-5 Nigerian population
estimated to have suffered from mild-moderate and severe
malnutrition respectively from 1973 to 1983.





In Nigeria, the prevalence of malnutrition among children under
5 years of age is significantly higher than in most other developing
countries [21]. Demographic Health Survey conducted in 1990 by
the Federal Office of Statistics [22] estimated the prevalence of
wasting at 9%, stunting at 43% and underweight at 36 % among
preschool children. The Nigerian demographic health survey
(NDHS) conducted in 2013 [23] shows that the nutritional situation
in the country was 18% wasting, 29% underweight, 4% overweight
and 37% stunting. Malnutrition has serious repercussions for
human development and National Productivity. It compromises
physical and mental development weakens immune response
and increased susceptibility to infection [24]. PEM is a complex
situation that has led to a variety of methods of classification. This
includes the WHO, Waterlow, Gomez, Welcome Trust/International
and Modified Welcome classification. This study was based on the
Welcome Trust Classification of PEM [25].





 Vitamin C serves as an antioxidant to protect intracellular and
extra cellular component from free radical damage. It mops up free
radicals and forms the less reactive ascorbyl radical. The ascorbyl
radical can then be either reduced to ascorbic acid or oxidised
to dehydroascorbic acid [26]. Free radicals are highly unstable
molecules that interact quickly and aggressively with the molecules
in the body causing damage. The rise in free radicals, associated
with antioxidant deficiency is said to result in tissue damage. The
pathogenesis of oedema and anaemia commonly found in children
with PEM has been suggested to be caused by an imbalance between 
the production of these toxic radical and their safe disposal [27]. 




Ascorbic acid or Ascorbate (Vitamin C) is water soluble
antioxidants. The human body cannot synthesize it and must
be obtained from the diet [28]. Vitamin C has various biological
functions involving collagen synthesis, immune function, folate
metabolism, iron metabolism, carnitine synthesis and catabolism
of cholesterol [29]. It is predominantly absorbed through the
distal portion of the small intestine and enters the blood stream.
The most widely known complication of vitamin C deficiency is
scurvy, a disease marked by an increased incidence of infections
and decreased immune response [30]. Vitamin C functions as an
antioxidant to protect intracellular and extra cellular component
from free radical damage [27], and appears to reduce oxidation
mediated damage to DNA in lymphocytes and may enhance
production of interleukin-1 and tumor necrosis factor-a. There is
paucity of data on the relationship between ascorbic acid and PEM
in Sokoto state has been reported among PEM. This aim of this
study was to investigate the prevalence of PEM among children in
Sokoto, Nigeria and to determine the relationship between PEM
and ascorbic acid among children attending Usmanu Danfodiyo
University Teaching Hospital (UDUTH) and Specialist Hospital,
Sokoto. Result from this study will provide valuable information
that will optimize the care offered to children with PEM in the area.
It may also justify the need to possibly supplement PEM children in
the area micronutrients and vitamins.



Materials and Methods



Study area


The study was conducted at the Paediatrics Department of
Usmanu Danfodiyo University Teaching Hospital (UDUTH) and
Specialist Hospital, Sokoto State, Nigeria. Both hospitals serve as a
referral center for both poor and rich people of Nigerian States of
Sokoto, Kebbi and Zamfara and the neighboring Niger and Benin
Republic, in the West African sub region (SSBD, 2007). The study
area is located in Sokoto State, which is in the extreme NorthWestern
part of Nigeria between longitude 05° 111 to 13° 031 Eastlatitudes 13° 001
to 13° 061 North. The State share borders with
the Republic of Niger to the North, Kebbi State to the West and
South East and Zamfara to the East. The State covers a land area of
about 32,000 square kilometers and with a population of 4.602298
million based on the United Nation Population Fund projection [31].
Sokoto is on a whole, a very hot area. However, maximum daytime
temperatures are most of the year generally under 40 °C (104 °F).
The warmest months are February to April. The raining season is
from June to October during which showers are a daily occurrence,
although rarely last long compared to that of the Wet tropical
regions. The indigenous inhabitants of the area are the Hausas
and Fulani. Other ethnic group resident in the State includes; Igbo,
Ebira, Yoruba, Igala as well as Buzus from the neighboring Niger
Republic. Farming and crop production are the major occupation
of the people living in the study area. The major crops grown in the
area includes millet, sorghum, ground nuts, cowpea and tobacco.
Livestock reared includes cattle, sheep, goat, donkey, camel, horses
and poultry [32].




Study population


The target population for the study included male and female
children aged between 6 months 5 years who were admitted to
the Paediatrics units of UDUTH and Specialist Hospital, Sokoto.
The subjects consisted of 47 children aged 6 months 5 years
with a diagnosis of PEM. The control participants consisted of
43 age-matched apparently healthy and well-nourished children
attending the immunization clinic prior to immunization. Signed
informed consent was obtained from parents and guardians who
demonstrated understanding of the study and were willing for their
children or ward to be enrolled in the study. 


Inclusion criteria



Inclusion criteria included; age (children that are aged 6
months to 5 years), children diagnosed with any form of PEM and
willingness of parents and guardians to offer a written informed
consent for their children or ward to participate in the study.


Exclusion criteria


Exclusion criteria included; age (children <6 months or > 5
years), children without PEM and children whose parents and
guardians refuse to offer a written informed consent for their
children or ward to participate in the study. 


Study design


The research was a case-control study involving children
with various forms of PEM who served as subjects. The control
participants consisted of age matched apparently healthy and
well-nourished children. Socio-demographic data were collected
using a structured interviewer administered questionnaire. Sociodemographic
data collected include: age, gender, socio-economic
class of the parent, income, educational status and occupation.
Quantitative data were obtained by estimating the ascorbic acid
(vitamin C) level among the subjects and control participants. 


Ethical consideration


Ethical approval for the study was sought and obtained from
the Research and Ethical Committee of UDUTH and State Specialist
Hospital, Sokoto and permission to carry out the study was given
from the respected head of unit. 


Informed written consent


Written informed consent for inclusion into the study was
obtained from the parents/guardians of the children.


Subject


The study involved children (6 months-5 years) with a
diagnosis of PEM based on the Welcome Trust Classification of PEM
at the Paediatrics units of UDUTH and Specialist Hospital, Sokoto.
The control sample was obtained from apparently healthy and
well-nourished children visiting the immunization clinic prior to
immunization.



Blood sample collection and processing


Two milliliters (2mls) of venous blood samples was collected
ascetically into plain sample bottle for vitamin C estimations. Serum
vitamin C (ascorbic acid) was assayed using chemical standard
method [33]. The principle of the test is based on the ability of
ascorbic acid to be oxidized by copper II ion to form dehydroascorbic
acid, which reacts with acidic 2, 4-dinitrophenylhydrazine to form
a red bis-hydrazone which is measured spectrophotometrically at
520nm.



Questionnaire


Questionnaire was used to collect bio data and related
information from the parents and guardians of the subjects and
control participants. A copy of it is attached in the appendix III.


Statistical Analysis


The data analysis was performed using statistical package of
social sciences (SPSS) version 22.0. Data was presented as mean
± standard error of mean (SEM) and percentage. Student t-test for
mean comparison between two groups was used. Test for association
(Chi-square, if appropriate) between categorical variables was
used. One-way analysis of variance (ANOVA) with Least Significant
Difference (LSD) was employed for mean comparison between the
types of PEM. Correlation between the pattern of full blood count
and biochemical parameters among children with PEM was done
using Pearson's linear correlation tool. A p-value of less than 0.05
(p≤0.05) was considered as statistically significant in all statistical
analysis.



Table 1: 
The socio-demographic characteristics of subjects and controls.
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Result




Subjects for this case-control study included 47 PEM subjects
recruited from the Paediatric units of UDUTH and Specialist
Hospitals. Forty-three apparently healthy children recruited from
the immunization clinics of the same hospitals were monitored as
controls. Table 1 shows the socio-demographic characteristics of
the PEM subjects and controls. A proportional comparison of mean
age, maternal education and parent socio-economic status showed
statistically significant difference (p<0.05), while the gender shows
no statistical difference (p>0.05). Table 2 revealed that the ascorbic
acid levels was significantly lower among PEM subjects as compared
to controls (p<0.05). Table 3 shows the pattern of ascorbic acid
levels based on the type of PEM. Ascorbic acid levels of underweight
subjects were significantly lower compared to other types of PEM.
There was no statistically significant difference in the pantothenic
acid levels for all the types of PEM, although kwashiorkor recorded
the lowest value (Table 1).





Table 2: 
 Mean Comparison of Ascobic Acid Levels among subjects
and controls.
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Data are presented as mean ± SEM for age and percentages for
others. Figures in brackets are percentages of total, t = t-test, x2 =
chi-square, (s) =statistically significant [Table 2].




Table 3: 
The pattern of ascorbic acid levels based on the type of
PEM.
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Data are presented as mean ± SEM. PEM= Protein energy
malnutrition, Vit C = vitamin C (Ascorbic acid), Vit B5 = vitamin
B5 (pantothenic acid), (s)=statistically significant [Table 3].






Data are presented as mean ± SEM. PEM= Protein energy
malnutrition, Vit C = vitamin C (Asorbic acid), Maras-kwash =
Marasmic-kwashiorkor, Nutr maras = Nutritional marasmus, Grp 
= Group, Grp l= kwashiorkor, Grp ll= marasmic-kwashiorkor, Grp
lll= nutritional marasmus, Grp lV= underweight, *=statistically
significant.




Discussion






Protein energy malnutrition (PEM) among preschool children
continues to be a major public health problem throughout the
developing world. Malnutrition increases one's susceptibility to
and severity of infections, and is the major component of illness and
death from diseases. The risk of death is directly correlated with
the degree of malnutrition [33]. The children with PEM included
in this study were aged 6 months- 5 years. This conforms with
previous reports [34-36] in sub Saharan Africa which indicated
that a significant number of under five deaths can be attributed to
malnutrition. This could be due to a number of factors including
low rate of exclusive breast feeding as well as poor weaning and
feeding practices [37].





In this study, a high male to female ratio was observed among
PEM subjects (1.2:1). This agrees with earlier reviews in Maputo
[38,39] but is at variance to the findings of Odebode and Odebode
[40] who reported a male to female ratio of 1:1.7 showing a higher
incidence of PEM in females compared to males. A high ratio of
PEM in male subjects observed in this study might be as a result of
higher protein requirement in males than in females, among other
unknown reasons.





In this study, maternal level of educational attainment had
a great significance (p<0.05) on the incidence of PEM subjects.
The incidence of PEM was higher among children whose mothers
had no formal education but only Arabic education. This finding
is consistent with previous reports [41,42] in Karachi, India and
Maiduguri Nigeria respectively. The level of education of a mother
can play an important role in the nutritional status of her children.
Better educated mothers are more informed about developmental
initiatives such as the childhood survival strategies after weaning.
The tendency for improper feeding practices and unhygienic
preparation of over-diluted formula or starch gruels as regards to
the feeding of the children would be very minimal. They are more
likely to offer their children good quality and affordable foods to
meeting the need of the growing children to meet their protein
and/or energy needs.





In this study, the socio-economic class of the parent had a great
significance on the nutritional status of the children (p<0.05). The
PEM subjects were more from the lower socio-economic class
(68.1 %) compared to controls. This observation is supported by
previous reports [35-38] that indicated that low socio-economic
status of parents is closely associated with the incidence of PEM.
The low socio-economic status of parent can result in late visit to
hospital for initial treatment of their wards due to their inability
to afford the high cost of health care services. Affordability of
balanced diet to their growing children can been compromised,
they may lack information on highly nutritious but affordable food
options in the local environment, live in poor sanitary malaria and
other disease prone environment, less likely to have access to clean
portable water and toilet facilities [39-41]. 





In this study, marasmus (44.7%) had higher prevalence followed
by marasmic-kwashiorkor (25.5%) among the PEM patients
admitted in both UDUTH and specialist hospital. This finding is in
agreement with previous reports [37,42,43] which indicated that
marasmus is a serious problem and is most common in developing
regions such as Africa, Latin America and South Asia, where poverty
along with inadequate food supplies and contaminated water are
prevalent and that marasmus is most frequently associated with
infections. Each year not less than one million Nigerian children die
before their fifth birthday. Malnutrition contributes to nearly half
of these deaths. In Nigeria, malnutrition remains a great challenge,
particularly for mothers and children. PEM is associated with 49%
of the 10 million deaths occurring in the developing world and 52%
of all under-five deaths in Nigeria [44], with 24% and 16% of the
total under-five. Nigerian population is estimated to have suffered
from mild-moderate and severe malnutrition respectively from
1973 to 1983 [45]. 





In this study, we observed that the ascorbic acid levels were
significantly lower among children with PEM compared to controls.
Our finding is consistent with previous report which indicates that
malnourished children have more oxidant damage products and
less antioxidant levels [46,47]. Similarly, a previous study indicated
that the prevalence of low serum levels of water soluble ascorbic
acid was higher (p<0.01) in malnourished elderly than in the nonPEM
group (80.9 vs. 56.7) [48].





Similarly, plasma ascorbic acid (AA) levels were estimated in
20 healthy and 80 sick children suffering from various forms of
acute illness of less than one week's duration. The mean plasma
AA level in children with acute infective illness who had diet
containing inadequate vitamin C content preceding illness was
significantly lower compared to the healthy children [49]. There is
increasing justification to provide ascorbic acid supplementation
for children with PEM [50,51]. Vitamin C an essential nutrient
involved in many anabolic pathways. It is also an important player
of the endogenous antioxidant defense. Low plasma levels are very
common in critical care patients and may reflect severe deficiency
states [52]. This justification for ascorbic acid supplementation
in PEM seems to be based on the notion that ascorbic acid role in 
the modulation of oxidative stress and endothelial and protection
and thus can potentially offer interesting therapeutic perspectives,
based on the biochemical evidence coupled with limited or even
absent side-effects. Recent clinical studies reported on the effects
of prophylactic administration of antioxidants, as a component
of nutritional support to patients at risk for oxidant-related
complications [53]. Increased free radical generation and damage
in critically ill patients has been associated with greater morbidity
and mortality [54]. However, whether the addition of vitamin C
supplements would expedite recovery among children with PEM
will need further evaluation.





In this study, it was observed that children with underweight
had a significantly lower ascorbic acid level when compared with
other types of PEM; Kwashiorkor, Maras-kwash and Nutr maras
(p<0.05). This observation might be due to poor nutrient amongst
others. A significant amount of stress is created as a result of PEM
which is responsible for the overproduction of reactive oxygen
species (ROSs). This ROSs can potentially lead to membrane
oxidation and thus an increase in lipid peroxidation byproducts
such as MDA and protein oxidation byproducts such as protein
carbonyl mainly. Decrease in level of these antioxidants results
in increased oxidant damage. Changes in oxidant and antioxidant
levels may be responsible for grading in PEM [55]. Defense capacity
against ROS can be measured by determining the blood levels of
GSH, glutathione peroxidase (GPx), copper, zinc and ascorbic
acid. The pathogenesis of extreme muscle wasting (emaciation)
commonly found in children with PEM has been suggested to be
caused by an imbalance between the production of these toxic free
radicals and antioxidant potential [56]. 



Study Limitations



The study encountered several limitations including:





1. Refusal of few mothers and guardians to sign the consent
form and therefore refusing their children to be included in the
study.





2. There was no way to follow- up the PEM subjects from the
time of onset of the malnutrition to the time of recovery.






3. Nutritional marasmus followed by marasmic-kwashiorkor
had the highest prevalence among the PEM subjects. There was
a challenge getting other types of PEM. 




Conclusion and Recommendations



Findings of this study has shown that PEM subjects had a lower
ascorbic compared to controls. The ascorbic acid of children with
underweight is significantly lower compared with other types
of PEM. Marasmus is the most common type of PEM among the
paediatric subjects. There may be need to provide ascorbic acid
supplementation for children with PEM [57].
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PEM Subjects Controls
Variables X? p-Value
(n=47) (n=43)
Age (months)
6-60 19.09+0.98 32.58+2.44 t=-5.29 0.0001(s)
Gender
Male 26 (55.3%) 24 (55.8) 0.002 0.962
Female 21 (44.7%) 19 (44.2%)
Maternal education
None 5 (10.6%) 1(2.3%)
Arabic 21 (44.7%) 3 (7.0%)
Primary 12 (25.5%) 7 (16.3%) 36.46 0.0001(s)
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Secondary 9 (19.1%) 14 (32.6%)
Post-secondary Nil 18 (41.9%)
Socio-economic class
Upper class Nil 7 (16.3%)
Middle class 15 (31.9%) 30 (69.8%) 29.67 0.0001(s)
Lower class 32 (68.1%) 6 (14.0%)
Types of PEM
Kwashiorkor 5(10.6%)
Marasmic-kwashiorkor 12(25.5%)
Nutritional marasmus 21(44.7%)
Underweight 9(19.1%)
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Parameters

PEM Subjects

Controls

t-Test

p-Value

Vit C (mg/
dl)

0.82+0.04

1.06+0.02

-5.08

0.0001(s)






OEBPS/Images/tab3.jpg
PEM (Type) N Vit C Level (mg/dl) p-value
Kwashiorkor 5 0.75+0.2
Maras-kwash 12 0.90+0.2
0.0001*
Nutr maras 21 0.86+0.0
Underweight 9 0.67+0.3
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