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Abstract 

This study was carried out to measure plasma levels of lipid profile (Total cholesterol, 

triglyceride, HDL-c and LDL-c) in malnourished children. Sixty samples were collected 

from malnourished children in period between January to April 2017, chosen randomly 

from Mohammed AL Amin Hamid for pediatric teaching hospital in Khartoum State, and 

Sixty apparently healthy individuals as control group, to assess the effect of malnutrition 

on plasma lipid profile levels. 

Estimation of plasma Total cholesterol, triglyceride, HDL-c and LDL-c levels was done by 

using Spectrophotometer biosystem-310, and results were analyzed using (SPSS) computer 

program. 

The result of this study showed that, PEM most common among age between (6-9) years 

(85%), and malnutrition most abundant in females (56 .7%) than males (43.3%). 

The study results showed that, the plasma levels of lipid profile (Total cholesterol, 

triglyceride, HDL-c and LDL-c) were significantly decreased in Sudanese malnourished 

children when compare with control group. (Mean ± SD for cases versus control). For 

Total cholesterol (mean ± SD: 58.25 ±3.15 versus 128.33 ±5.68 mg/dl, p. value=0.000), 

Triglyceride (35.12± 4.63 versus 82.32 ±11.56 mg/dl, p. value=0.000), HDL-c (25.02±4.44 

versus 55.12±3.70 mg/dl, p. value=0.000) and LDL-c (26.18±4.28 versus 56.85±5.39 

mg/dl, p. value=0.000). 

Also the finding of this study showed that, there was significantly decreased in the mean of 

BMI in malnourished children group compared to control group. Mean ± SD for case 

versus control (15.28 ± 2.28 kg/m2 versus 19.25 ± 2.48 kg/m2). 

There were no correlation between duration of malnourished children and levels of 

cholesterol, HDL-c (r= 0.031, p=0.812),   (r= 0.000, p=0.998) respectively, there was 

insignificant weak negative correlation between triglyceride and duration of disease. (r= -

0.085, p=0.519) and there was insignificant weak positive correlation between LDL-c and 

duration of disease. (r= 0.176, p=0.817). 

Person correlation showed that, there were no correlation between age of malnourished 

children and the level of cholesterol and HDL –c (r=0.046, p=0.729), (r=0.044, p=0.740) 

respectively, there were insignificant weak positive correlation between triglyceride, LDL-

c and age (r=0.164, p=0.212), (r= 0.167, p=0.203) respectively. 

It is concluded that: the plasma levels of cholesterol, triglyceride, HDL-c and LDL-c were 

significantly decreased in Sudanese malnourished children. 
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1. Introduction 

1.1. Introduction: 

Malnutrition is generally a nutritional problem that results from varying 

proportion of protein and calories deficiency in infant and young children and 

is a complicating factor for other illnesses in developing countries.(Jancen 

and Mannet.,1982). 

Malnutrition due to starvation, disease or ageing can be defined as a state 

resulting from lack of uptake or intake of nutrition leading to altered body 

composition (decreased fat free mass) and body cell mass leading to 

diminished physical and mental function.( Jancen and Mannet.,1982). 

 Protein-energy malnutrition (PEM) previously referred to as protein-calorie 

malnutrition (PCM) describes the severe form of malnutrition seen in 

childhood (kwashiorkor, marasmic-kwashiorkor, marasmus and underweight) 

it is the most common nutritional disorder affecting children in developing 

countries and the third most common disease of childhood in such countries, 

it manifests primarily by inadequate dietary intake of protein and energy and 

always accompanied by deficiencies of other nutrients.(Nassar et al .,2010 ). 

Protein energy malnutrition is global public health problem affecting children 

from Africa, Asian, Latin American and Caribbean regions. PEM is directly 

or indirectly responsible for about half of 10.8 million deaths per year in 

children in developing countries. ( Nassar et al .,2010) 

Lipid applies to a class of compounds that are soluble in organic solvents, but 

nearly insoluble in water.(Carl etal., 2008). 

  Measurement of serum lipids forms one of the special tests in most clinical 

chemistry laboratories worldwide, this important in the management of 

patients with cardiovascular diseases and monitoring patients with diabetes 

mellitus, as well as in assessment malnutrition in children. (Low et al., 1996). 

Malnutrition has a great impact on the health care delivery system, resulting 

in reduced quality of life for the affected patients and added financial costs to 

the hospital where the patients are receiving care. 

So it is very important to evaluate essential parameters as plasma total 

cholesterol, triglyceride, HDL-c and LDL-c which decreased in malnourished 

children.(Nascimento et al., 2012). 
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1.2. Rationale: 

Malnutrition is a major problem globally (Mesham and chatterjee., 1999) it 

interacts with diarrhea in a vicious circle leading to high morbidity and 

mortality in children in developing countries, Sudan being one of developing 

countries and malnutrition is widely distributed among children.                                                                                                                                                                   

Malnutrition is an important public health problem, however little information 

is available on assessment for severe acute malnutrition, so it is very 

important to evaluate essential parameters that affected by malnutrition such 

as lipid profile. 

 There are few published studies about this in Sudan, so this study may help 

to provide the monitoring of plasma total cholesterol, triglyceride, HDL-c and 

LDL-c in malnourished children. 
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1.3. Objectives: 

1.3.1. General objective: 

To study plasma lipid profile among Sudanese children with malnutrition. 

1.3.2. Specific objectives: 

1- To measure plasma levels of lipid profile (total cholesterol, triglyceride, 

HDL-c and LDL-c ) in malnourished children and control group. 

2- To compare concentrations of total cholesterol, triglyceride, HDL-c and 

LDL-c in both study groups. 

3-To calculate and compare the mean of BMI in both study groups. 

4-To correlate between parameters and study variables (age and duration of 

disease) . 
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2. Literature review 

2.1. Malnutrition: 

Malnutrition is a broad term that can be used to describe any imbalance in 

nutrition; from over-nutrition often seen in the developed world, to under-

nutrition seen in many level hoping countries, but also in hospitals and 

residential care facilities in developed nations. Malnutrition can develop as a 

consequence of deficiency in dietary intake, increased requirements  

Associated with a disease state, from complications of an underlying illness 

such as poor absorption and excessive nutrient losses, or from a combination 

of these aforementioned factors (Soetrs et al ., 2008 ). 

2.1.1. Protein energy malnutrition:  

Protein Energy Malnutrition (PEM) results when the body’s need for protein, 

energy or both cannot be satisfied by the diet. It includes a wide spectrum of 

clinical manifestations conditioned by:  

i) The relative severity of protein or energy deficit  

ii) The severity and duration of the deficiencies.  

iii) The age of the host  

iv) The cause of the deficiency  

v) The association of the deficiency with other physiological problems such 

as infectious diseases and pregnancy (Torun and Chew., 1994).  

Protein Energy Malnutrition (PEM) or protein calorie malnutrition (PCM) 

generally referred to simply as malnutrition is an imbalance between the 

supply of protein and energy and the body’s demand for them to ensure 

optimal growth and function (WHO, 1997).  

The World Health Organization (WHO) defines Protein Energy Malnutrition 

as “the cellular imbalance between the supply of nutrient and energy and the 

body’s demand for them to ensure growth, maintenance and specific 

function” (Pauline., 2008). 

Protein Energy Malnutrition (PEM) or Protein calorie malnutrition is also a 

deficiency syndrome caused by inadequate intake of macro-nutrients as well 

as micro-nutrients (Pauline., 2008). It is a syndrome that represents one of the 

various levels of inadequate protein and or energy intake between starvation 

(no food intake) and adequate nourishment. 

2.1.1.1. Types of Protein Energy Malnutrition: 

Clinically PEM has four forms. These forms depend on the balance of non-

protein and protein sources of energy. The origin of these three forms can be 

primary, when it is the result of inadequate food intake or secondary, when it 



5 
 

is the result of other diseases that lead to low food ingestion, inadequate 

nutritional absorption or utilization and or increased nutrient losses. Also 

these forms of PEM can be graded as mild, moderate or severe (Pauline., 

2008). 

A-Under nutrition: 

Under nutrition is a consequence of consuming little energy and other 

essential nutrients or using or excreting more rapidly than they can be 

replaced. This state of malnutrition is often characterized by infectious and 

diseased children who are already under nourished can suffer from protein 

energy malnutrition who rapid growth, infectious or disease 

Increases the need for protein and essential nutrients (Pauline., 2008) 

B - Marasmus: 

This is the dry, thin desiccated form of PEM. It results from near starvation 

with deficiency of energy, protein and non protein nutrients. The marasmic 

individual consumes very little food. In children it is often because the mother 

is unable to breastfeed. Marasmus is characterized by stunted growth. Usually 

the children are thin from loss of muscle and body fat. It develops in children 

between 6-12 months who have been weaned from breast milk or who are 

suffering from weakening conditions like chronic diarrhea (Pauline., 2008). 

C- Kwashiorkor: 

This is the wet edematous and swollen form. “Kwashiorkor” is a Ghanaian 

word meaning “first child-second child”. It refers to the observation that this 

is a disease the first child develops when the second child is born and replaces 

the first child at the breast. This is because the weaned child is fed with a thin 

gruel of poor nutritional quantity compared with breast milk and as a 

consequence the child fails to thrive. This condition is marked with protein 

deficiency more marked than energy deficiency, and Oedema results. 

Children with Kwashiorkor tend to be older than those with marasmus and 

tend to develop the disease after weaning.  

Adults develop kwashiorkor as a result of under-nutrition from diets rich in 

carbohydrate than protein. This may be as a result of poverty, wars, famine 

etc. Kwashiorkor is characterized by fluid retention, oedema, dry peeling skin, 

hair discolorations, etc (Pauline., 2008).  

D- Marasmic Kwashiorkor: 

This is the combined form of the Protein Energy Malnutrition. It is a 

combination of chronic energy deficit and chronic or acute protein deficiency. 

Children with this form of PEM have some edema and or body fat than those 
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with maramus . The clinical manifestation is a combination of maramus and 

kwashiorkor (Stanfield et al., 1978).  

2.1.1.2. Classification of Protein Energy Malnutrition: 

The classification scheme for PEM is useful for diagnosis and treatment as 

well as the application and evaluation of public health measures. Several 

methods have been suggested for the classification of PEM. The choice of 

classification depends on the purpose for which it is used, e.g. clinical studies 

or community surveys.  

There are three main classifications of PEM based on clinical and 

anthropometric assessments.  

a) The welcome classification. 

b) The water-low classification.  

c) The Gomez classification.  

In order to understand these classifications, it is necessary to have a 

knowledge of the central chart system on which they are based                 

(Stanfield et al., 1978) . 

A- Welcome Classification: 

This was proposed by the Welcome Working Party. In this classification 

reduction in body weight below 80 percent of the Harvard Standard (50th 

Centile) is considered malnutrition. There is also the presence and absence of 

oedema as well as deficit in body weight. Therefore children with oedema 

with weight 60-80 percent of the expected weight for age are classified as 

suffering from kwashiorkor (Welcome, 1970). Those without oedema and 

who weigh less than 60 percent of the standard are considered as marasmic. 

Those with oedema and body weight less than 60 percent of the standard are 

diagnosed marasmickwashiokor. However, children without oedema 

weighing 60-80 percent of the standard weight are classified as underweight. 

The Welcome classification is the most generally accepted and widely used 

for clinical purposes (See Table 2.1).  

Table (2.1): Welcome Classification of Malnutrition : 

MALNUTRITION  BODY WEIGHT % OF 

STANDARD 

OEDEMA  

Underweight 60-80  -  

Marasmus <60  -  

Kwashiorkor 60-80  +  

Marasmic kwashiorkor  <60  +  

50th Centile of Harvard Standard (Welcome Trust Working Party, 1970). 
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B - Gomez Classification: 

Gomez classification is based on the deficit in weight for age and the 90 

percent of the Harvard Standard is used as cut-off point from normal to 

malnourished. Malnutrition is subdivided into three degrees, first, second and 

third degree malnutrition(Gomez, 1956).  

First degree malnutrition is defined as 75-90 percent; second degree is defined 

as 60-75% while third degree is defined as less than 60% of expected weight 

as illustrated Table 1.2. All cases of oedema are included in third degree 

malnutrition regardless of body weight.  

The Gomez classification is useful for community surveys and helps to access 

the magnitude of the problem in a community. However it does not indicate 

the duration or types of malnutrition (Table 2.2). 

Table (2.2): Gomez Classification of Malnutrition (Gomez, 1956). 

MALNUTRITION  BODY WEIGHT (% of standard)  

First degree  75-90  

Second degree  60-75  

Third degree  <60  

 

C-Water Low Classification: 

Water low described a classification of malnutrition using both weight and 

height for age. This classification is useful in that it distinguishes those 

children with acute malnutrition (wasting) from those with chronic under-

nutrition who are stunted.  

It also assesses the relationship between weight and height in early childhood 

which is reasonably constant as indicated in (Table 2-3). Water low suggested 

the terms “wasting” for a deficit in weight and “stunting” for a deficit in 

height for age (Stanfield et al. ,1978).  

Therefore patients fall into four categories:  

1) Normal.  

2) Wasted but not stunted (suffering from acute PEM).  

3) Wasted and stunted (suffering from acute and chronic PEM).  

4) Stunted but not wasted (nutritional dwarfs with past PEM with present 

adequate nutrition).  

The disadvantage of this method is that, although height is a far more accurate 

reflection of growth in the long term, it is often difficult to measure accurately 

in community surveys. There is also the tendency to place the genetically or 
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constitutionally small child or premature infants into the category of 

malnutrition (Stanfield et al., 1978). 

Table(2.3): Water low Classification of Malnutrition  (Stanfield 

etal.,1978). 

Height for age >80%  Weight for Age <80%  

>90%  Normal  Wasted  

<90%  Stunted  Stunted and wasted  

2.1.1.3. Causes:  

inadequate food intake, infections, psychosocial deprivation, the environment 

(lack of sanitation and hygiene),social inequality and perhaps genetics 

contribute to childhood malnutrition.( Pauline., 2008). 

2.1.1.4. Clinical signs and symptoms of protein-energy malnutrition 

(PEM):  

A- Main symptom: 

The main symptom of malnutrition (under nutrition) is unintended weight 

loss, although this isn't always obvious ( Pauline., 2008). 

 Most people who are malnourished will lose weight, but it is possible to be a 

healthy weight or even overweight and still be malnourished. 

Someone could be malnourished if: 

They unintentionally lose 5-10% of their body weight within three to six 

months their body mass index (BMI) is under 18.5 (although a person with a  

Under 20 could also be at risk). (Pauline., 2008) . 

 B- Other symptoms: 

* reduced appetite.  

* Lack of interest in food and drinks.  

* Feeling tired all the time.  

* feeling weaker.   

* getting ill often and taking a long time to recover. 

* wounds taking a long time to heal . 

* Poor concentration.  

* feeling cold most of the time.  

*low mood or depression (Pauline., 2008)   

C-Symptoms in children: 

Symptoms of malnutrition in a child can include: 

* not growing at the expected rate or not putting on weight as would normally 

be expected (faltering growth).  

* changes in behavior, such as being unusually irritable, slow or anxious . 
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* low energy levels and tiring more easily than other children . 

 Clinical signs and symptoms of micronutrient deficiencies: Some of the   

clinical signs and symptoms of specific micronutrient deficiencies may 

closely resemble those observed in PEM. Deficiencies of micronutrients, 

including vitamins, minerals, and trace elements have been well described. 

The most common and clinically significant deficiencies include the 

following: 

 Iron - Fatigue, anemia, decreased cognitive function, headache, glossitis, and 

nail changes. 

 Iodine - Goiter, developmental delay, and mental  retardation.  

 Vitamin D - Poor growth,  rickets , and hypocalcaemia 

 Vitamin A - Night blindness, xerophthalmia, poor growth, and hair changes 

 Folate - Glossitis, anemia ( megaloblastic ), and neural tube defects (in fetuses 

of women without folate supplementation) 

 Zinc - Anemia, dwarfism, hepatosplenomegaly, hyper pigmentation and 

hypogonadism, acrodermatitisenteropathica, diminished immune response, 

poor wound healing. (Pauline, 2008) . 

2.1.1.5. Diagnosis of malnutrition: 

A- Weight loss: 

Weight loss trajectories differ with clinical condition. Nevertheless, 

involuntary weight loss is a strong predictor of negative (Who, 1995) 

outcomes irrespective of magnitude, speed and underlying cause. 

Naturally, a massive and fast weight loss due to an aggressive cancer disease 

imposes a higher risk than a smaller and slower weight loss due to ageing. 

Thus, consensus was reached to propose two optional cut-offs for 

unintentional weight loss; i.e. either >5% over the last 3 months to cover for 

acute illnesses, or >10% of habitual weight indefinite of time to be relevant 

for chronic conditions (Who ,1995). 

B- Body mass index ( BMI) : 

WHO advocates BMI <18.5 kg/m2 as a general cut-off for underweight. 

This cut-off is justified at a public health population Level l (Who, 1995),  

 the trend of increasing BMI in all populations world-wide make this 

acknowledged BMI cut-off value difficult to use for the purpose of defining 

malnutrition. Patients struck with highly catabolic diseases may in 3-6 months 

lose substantially more than 10% of their weight and still have BMI values 

well above “normal” ranges. Another issue to consider is that epidemiological 
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evidence indicates that older populations display higher optimal BMI 

intervals (e.g. for survival) than younger people (Who, 1995). 

Partly due to the strong global acceptance of the WHO cut-off of 18.5 kg/m2 

it was decided unanimously to accept the WHO recommended cut-off of as a 

criterion that in its own right will be enough to diagnose malnutrition. 

With this latter decision it was easy to come to consensus for a   

complementary suggestion for relevant BMI cut-off values; namely <20 

kg/m2 for subjects <70 years of age, and <22 kg/m2 for subjects 70 years and 

older, remembering the fact that these BMI levels need to be linked to weight 

loss as defined above. The choices of 20 and 22 kg/m2, respectively, were 

based on consensus in the group. Ethnic and regional variability in BMI may 

need to be considered ( Who,1995)  . 

C- Fat Free mass index ( FFMI): 

Cut-offs for FFMI need to be linked to the decided cut-offs for BMI on one 

hand, and to the fact that women have lower FFMI (and higher FMI) than 

men on the other hand. Based on Swiss reference material (Schutz et al ., 

2002 ) . 

it was decided to suggest FFMI <15 and <17 kg/m2 in women and men, 

respectively. It has to be emphasized that reference values, like for BMI, 

should be relevant for the specific ethnic and cultural context that is at hand 

(Schutz et al ., 2002 ) . 

D- Biochemical Methods: 

Serum biochemical markers are primarily and non proteins used in 

establishing the nutritional status of patients. They are used to determine 

whether they are at risk of complications and also in monitoring their 

nutritional treatment (Heymsfield et al., 1994).  

2.1.1.6. Prevention of Malnutrition: 

Poverty, Ignorance, frequent infection, cultural norms/customs, severe cyclic 

climatic conditions, natural and manmade disasters are among the main 

causes of PEM. Therefore, its control and prevention require multi-sectoral 

approaches that include food production and distribution, preventive 

medicine, education, social development and economic improvement. At a 

national or regional level, control and prevention can only be achieved 

through short-term and long-term political commitments and effective actions 

to enforce the measure to eradicate the underlying causes of malnutrition( 

Who,1995).  
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The most likely victims of PEM are children and women, especially those 

within child- bearing age from low socioeconomic strata. Children whose 

parents have misconceptions concerning the use of food, who come from 

broken or unstable families, whose families have a high violence, alcoholism 

and drug abuse, who live under poor sanitary conditions in urban slums or in 

rural areas frequently subject to droughts or floods, whose societal beliefs 

prohibit the use of nutritious foods. Special attention must be given to the 

following for the prevention of PEM (Who, 1995). 

2.2. Lipids: 

The term lipid applies to a class of compounds that are soluble in organic 

solvents, but nearly insoluble in water. Chemically, lipids contain primarily 

non polar carbon-hydrogen (C-H) bonds and typically yield fatty acids and or 

complex alcohols after hydrolysis. Some lipids also contain charged or polar 

groups (Carl et al., 2008). 

2.2.1. Classification of lipid: 

2.2.1.1. Fatty Acids: 

Are simply linear chains of C-H bonds that terminate with a carboxyl group (-

COOH). In plasma, only a relatively small amount of fatty acids exists in the 

free or unesterified form, most of which is bound to albumin.Fatty acids are 

covalently attached to the glycerol backbone of triglycerides and 

phospholipids by an ester bond that forms between the carboxyl group on the 

fatty acid and the hydroxyl group (-OH) on glycerol. . (Michael et al.,2010). 

Fatty acids can be classified as being saturated (no doublebonds), 

monounsaturated (one double-bond), or polyunsaturated (two or more double-

bonds). The C ꞊ C doublebonds of unsaturated fatty acids are typically 

arranged in the cis form. (Michael et al.,2010). 

2.2.1.2. Triglycerides: 

 Triglycerides contain three fatty acid molecules attached to one molecule of 

glycerol by ester bonds. Each fatty acid in the triglyceride molecule can 

potentially be different in structure, most triglycerides from plant sources, 

such as corn, sunflower seeds, and safflower seeds, are rich in 

polyunsaturated fatty acids and are oils, whereas triglycerides from animal 

sources contain mostly saturated fatty acids and are usually solid at room 

temperature. (Michael et al.,2010). 
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2.2.1.3. Phospholipids: 

Phospholipids are similar in structure to triglycerides except that they only 

have two esterified fatty acids. The third position on the glycerol backbone 

instead contains a phospholipid head group. There are several types of 

phospholipid head groups, such as choline, inositol, serine, and ethanolamine, 

which are all hydrophilic in nature. The various types of phospholipids are 

named based on the type of phospholipid head group present. The two fatty 

acids in phospholipids are normally 14 to 24 carbon atoms long, with one 

fatty acid commonly saturated and the other unsaturated.  (Michael et al., 

2010). 

2.2.1.4. Cholesterol: 

 Cholesterol is an unsaturated steroid alcohol containing four rings (A, B, C, 

and D), and it has a single C-H side chain tail similar to a fatty acid in its 

physical properties. The only hydrophilic part of cholesterol is the hydroxyl 

group in the A-ring. Cholesterol is therefore, also an amphipathic lipid and is 

found on the surface of lipid layers along with phospholipids. (Michael et 

al.,2010). 

Cholesterol can be converted in the liver to primary bile acids, such as cholic 

acid and chenodeoxycholic acid, which promote fat absorption in the intestine 

by acting as detergents. A small amount of cholesterol can also be converted 

by some tissue, such as the adrenal gland, testis, and ovary to steroid 

hormones such as glucocorticoids, mineralocorticoids, and estrogens. Finally, 

a small amount of cholesterol after first being converted to 7-

dehydrocholesterol, can also be transformed to vitamin D3 

in the skin by irradiation from sunlight. . (Michael et al., 2010). 

2.2.2. Lipoproteins: 

Lipids synthesized in the liver and intestine are transported in the plasma in 

macromolecular complexes known as lipoproteins.  

Chemistry Lipoproteins are typically spherical particles with nonpolar neutral 

lipids (miglycerides and cholesterol esters) in their core and more polar 

amphipathic lipids (phospholipids and free cholesterol) at their surface. They 

also contain one or more specific proteins, called apolipoproteins on their 

surfaces. The association of the core lipids with the phospholipid and 

apolipoproteins is noncovalent, occurring primarily through hydrogen 

bonding and van der Waals forces. The binding of lipids to apolipoproteins is 

weak and allows the exchange of lipids and apolipoproteins among the 
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plasma lipoproteins and between cell membranes and lipoproteins. (Carl et 

al., 2008). 

2.2.2.1. Classification of lipoproteins: 

I. Chylomicrons: 

 Chylomicrons, which contain apo B-48, are the largest and the least dense of 

the lipoprotein particles, Because of their large size, they reflect light and 

account for the turbidity of postprandial plasma. Because they are so light, 

they also readily float to the top of stored plasma and form a creamy layer, 

which is a hallmark for the presence of chylomicrons. Chylomicrons are 

produced by the intestine, where they are packaged with absorbed dietary 

lipids. Once they enter the circulation, triglycerides and cholesteryl esters in 

chylomicrons are rapidly hydrolyzed by lipases and, within a few hours, they 

are transformed into chylomicron remnant particles, which are recognized by 

proteoglycans and remnant receptors in the liver, facilitating their uptake. The 

principal role of chylomicrons is the delivery of dietary lipids to hepatic and 

peripheral cells. . (Michael et al., 2010). 

II. Very Low Density Lipoproteins VLDL: 

is produced by the liver and contains apo B-100, apo E, and apo Cs; like 

chylomicrons, they are also rich in triglycerides. They are the major carriers 

of endogenous (hepatic-derived) triglycerides and transfer triglycerides from 

the liver to peripheral tissue. Like chylomicrons, they also reflect light and 

account for most of the turbidity observed in fasting hyperlipidemic plasma 

specimens, although they do not form a creamy top layer like chylomicrons, 

because they are smaller and less buoyant. Excess dietary intake of 

carbohydrate, saturated fatty acids, and trans fatty acids enhances the hepatic 

synthesis of triglycerides, which in turn increases VLDL production. . 

(Michael et al., 2010). 

III. Low-Density Lipoproteins LDL: 

primarily contains apo B-100 and is more cholesterol rich than other apo B–

containing lipoproteins. They form as a consequence of the lipolysis of 

VLDL. LDL is readily taken up by cells via the LDL receptor in the liver and 

peripheral cells. In addition, because LDL particles are significantly smaller 

than VLDL particles and chylomicrons, they can infiltrate into the 

extracellular space of the vessel wall, where they can be oxidized and taken 

up by macrophages through various scavenger receptors. Macrophages that 

take up too much lipid become filled with intracellular lipid drops and turn 

into foam cells.  (Michael et al., 2010). 
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IV. Lipoprotein(a): 

 Lipoprotein (a) particles are LDL-like particles that contain one molecule of 

apo (a) linked to apo B-100 by a disulfide bond. Lp(a) particles are 

heterogeneous in both size and density, as a result of a differing number of 

repeating peptide sequences, called kringles, in the apo (a) portion of the 

molecule. The concentration of Lp(a) is inversely related to the size of the 

isoform. Elevated levels of Lp(a) are thought to confer increased risk for 

premature coronary heart disease and stroke. Because the kringle domains of 

Lp(a) have a high level of homology with plasminogen, a protein that 

promotes clot lysis, it has been proposed that Lp(a) may compete with 

plasminogen for binding sites, thereby promoting clotting, a key contributor 

to both myocardial infarction and stroke. (Michael et al., 2010). 

V. High-Density Lipoproteins: 

 HDL, the smallest and most dense lipoprotein particle, is synthesized by both 

the liver and intestine. HDL can exist as either disk-shaped particles or 

spherical particles. Discoidal HDL typically contains two molecules of apo A-

I, which form a ring around a central lipid bilayer of phospholipid and 

cholesterol.The ability of HDL to remove cholesterol from cells, called 

reverse cholesterol transport.  

HDL is highly heterogeneous separable into as many as different subfractions. 

There are two major types of spherical HDL based on density differences: 

HDL2 and HDL3. HDL2 particles are larger in size and richer in lipid than 

HDL3 and may reflect better efficiency in delivering lipids to the liver. . 

(Michael et al., 2010). 

2.2.2.2 Metabolism of lipoproteins: 

Lipoprotein metabolism is commonly divided into the (1) exogenous, (2) 

endogenous, (3) intracellular-cholesterol transport, and (4) reverse-cholesterol 

transport pathways. 

2.2.3. Lipid disorders: 

2.2.3.1. Hypercholesterolemia: 

 Hypercholesterolemia is the lipid abnormality most closely linked to heart 

disease, which is associated with genetic abnormalities that predispose 

affected individuals to elevated cholesterol levels, is called familial 

hypercholesterolemia.( Calderon et al., 1999). 

Causes of hypercholesterolemia: 

Hypercholesterolemia is typically due to a combination of environmental and 

genetic factors. Environmental factors include obesity, diet, and stress.  

https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Dieting
https://en.wikipedia.org/wiki/Stress_%28biology%29
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A number of other conditions can also increase cholesterol levels including 

diabetes mellitus type 2, obesity, alcohol, monoclonal gammopathy, dialysis, 

nephrotic syndrome, hypothyroidism, Cushing’s syndrome, anorexia nervosa, 

medications (thiazide diuretics, ciclosporin, glucocorticoids, beta blockers, 

retinoic acid). (Bhatnagar et al., 2008)   

2.2.3.2. Hypocholesterolemia: 

 Is the presence of abnormally low (hypo-) levels of cholesterol in the blood. 

Causes of hypocholesterolemia: 

Possible causes of low cholesterol are:  

Statins, Hyperthyroidism, or an overactive thyroid gland, Adrenal 

insufficiency, Liver disease, Malabsorption (inadequate absorption of 

nutrients from the intestines), such as in celiac disease, Malnutrition, 

Abetalipoproteinemia ( a rare genetic disease that causes cholesterol readings 

below 50 mg/dl. It is found mostly in Jewish populations),  Manganese 

deficiency, Marfan syndrome, Leukemias and other hematological disease. 

(Moutzourietal., 2011). And( Marini et al., 1989). 

2.2.3.3. Hypertriglyceridemia: 

  High blood levels of triglycerides, the most abundant fatty molecule in most 

organisms. Elevated levels of triglycerides are associated with atherosclerosis, 

even in the absence of hypercholesterolemia 

Causes of hypertriglyceridemia: 

High carbohydrate diet , High fat diet, Idiopathic (constitutional), Obesity, 

Diabetes mellitus and insulin resistance - it is one of the defined components 

of metabolic syndrome (along with central obesity, hypertension, and 

hyperglycemia), Excess alcohol consumption, renal failure (Nephrotic 

syndrome), Genetic predisposition; some forms of familial hyperlipidemia 

such as familial combined hyperlipidemia i.e. Type II hyperlipidemia, 

Lipoprotein lipase deficiency - Deficiency of this water-soluble enzyme, that 

hydrolyzes triglycerides in lipoproteins, leads to elevated levels of 

triglycerides in the blood., Lysosomal acid lipase deficiency or Cholesteryl 

ester storage disease. 

Certain medications e.g. isotretinoin, estrogen, hydrochlorothiazide diuretics, 

beta blockers, protease inhibitors, Hypothyroidism (underactive thyroid), 

Systemic Lupus Erythematosus, Glycogen storage disease type 1, and HIV 

medications. ( Silva et al., 1987; Mccartyetal.,2004 ;Garg et al., 1992and 

;Pejicand, Lee., 2006). 

 

https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Monoclonal_gammopathy
https://en.wikipedia.org/wiki/Dialysis
https://en.wikipedia.org/wiki/Nephrotic_syndrome
https://en.wikipedia.org/wiki/Hypothyroidism
https://en.wikipedia.org/wiki/Cushing%E2%80%99s_syndrome
https://en.wikipedia.org/wiki/Anorexia_nervosa
https://en.wikipedia.org/wiki/Thiazide_diuretics
https://en.wikipedia.org/wiki/Ciclosporin
https://en.wikipedia.org/wiki/Glucocorticoids
https://en.wikipedia.org/wiki/Beta_blockers
https://en.wikipedia.org/wiki/Retinoic_acid
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Statins
https://en.wikipedia.org/wiki/Hyperthyroidism
https://en.wikipedia.org/wiki/Adrenal_insufficiency
https://en.wikipedia.org/wiki/Adrenal_insufficiency
https://en.wikipedia.org/wiki/Liver_disease
https://en.wikipedia.org/wiki/Malabsorption
https://en.wikipedia.org/wiki/Intestines
https://en.wikipedia.org/wiki/Celiac_disease
https://en.wikipedia.org/wiki/Malnutrition
https://en.wikipedia.org/wiki/Abetalipoproteinemia
https://en.wikipedia.org/wiki/Jewish
https://en.wikipedia.org/wiki/Manganese_deficiency_%28medicine%29
https://en.wikipedia.org/wiki/Manganese_deficiency_%28medicine%29
https://en.wikipedia.org/wiki/Marfan_syndrome
https://en.wikipedia.org/wiki/Leukemia
https://en.wikipedia.org/wiki/Triglyceride
https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Atherosclerosis
https://en.wikipedia.org/wiki/Hypercholesterolemia
https://en.wikipedia.org/wiki/Carbohydrate
https://en.wikipedia.org/wiki/Idiopathic
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Metabolic_syndrome
https://en.wikipedia.org/wiki/Central_obesity
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Alcohol_consumption
https://en.wikipedia.org/wiki/Renal_failure
https://en.wikipedia.org/wiki/Nephrotic_syndrome
https://en.wikipedia.org/wiki/Nephrotic_syndrome
https://en.wikipedia.org/wiki/Hyperlipidemia
https://en.wikipedia.org/wiki/Combined_hyperlipidemia
https://en.wikipedia.org/wiki/Lipoprotein_lipase_deficiency
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Triglyceride
https://en.wikipedia.org/wiki/Lipoprotein
https://en.wikipedia.org/wiki/Lysosomal_acid_lipase_deficiency
https://en.wikipedia.org/wiki/Cholesteryl_ester_storage_disease
https://en.wikipedia.org/wiki/Cholesteryl_ester_storage_disease
https://en.wikipedia.org/wiki/Isotretinoin
https://en.wikipedia.org/wiki/Estrogen
https://en.wikipedia.org/wiki/Hydrochlorothiazide
https://en.wikipedia.org/wiki/Beta_blockers
https://en.wikipedia.org/wiki/Protease_inhibitors
https://en.wikipedia.org/wiki/Hypothyroidism
https://en.wikipedia.org/wiki/Systemic_Lupus_Erythematosus
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2.2.3.4. Hypolipoproteinemia: 

Hypolipoproteinemias, or low levels of lipoproteins, exist in two forms: 

hypoalphalipoproteinemia and hypobetalipoproteinemia. 

Hypobetalipoproteinemia is associated with isolated low levels of LDL 

cholesterol but not associated with CHD. 

HypoalphalipoproteinemiaHypoalphalipoproteinemia indicates an isolated 

decrease in circulating HDL which it concentration less than 40 mg/dL 

without the presence of hypertriglyceridemia, the term alpha denotes the 

region in which HDL migrate on agarose electrophoresis. (Michael et al., 

2010). 
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3. Materials and methods 

3.1. Materials: 

3.1.1. Study approach: 

Quantitative methods were used to estimate lipid profile in Sudanese 

malnourished children in Khartoum state.  

3.1.2. Study design: 

This was hospital case-control study. 

3.1.3. Study area: 

This study was conducted from Mohammed AL Amin Hamid for Pediatric 

Teaching Hospital in Khartoum State during the period from January to April 

2017. 

3.1.4. Study populations: 

The study included 120 individuals, 60 malnourished children as cases and 60 

apparently healthy subjects serve as control with normal nutrition ( age and 

sex match with test group) .   

3.1.5. Inclusion criteria: 

Sudanese children with protein energy malnourished and healthy individual 

serve as control were included. 

3.1.6. Exclusion criteria: 

Any patients with liver disease, hyperlipidemia , cardiovascular disease , 

,other chronic disease, any patients taking drug that affect in  lipid metabolism 

, Nephrotic Syndrome and End Stage Renal Disease were excluded. 

3.1.7. Ethical consideration: 

Verbal consent was taken from parents of children to participate in the study 

and reassurance of confidentiality. Before the sample was collected, the 

donors knew that this specimen for research and the purpose of the research 

was explained to them.  

3.1.8. Data collection: 

The clinical data were obtained from clinical examinations and hospital 

follow up records and were recorded on a questionnaire sheet.(Appendix 1). 

3.1.9. Samples collection and processing: 

About 4 ml of venous blood were collected from each fasting participant 

(both cases and controls). The samples collected under aseptic conditions and 

placed in sterile heparin containers, and after mixing centrifuged for 5 

minutes at 3000 rpm to obtain plasma, then the plasma were kept at 
-
20

o
C till 

the time of analysis. 
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3.2. Methods: 

3.2.1. Estimation of total cholesterol: 

3.2.1.1. Principle of the method: 

Ester cholesterol hydrolyzed in present of cholesterol esterase to free fatty 

acid and free cholesterol which oxidized by atmospheric oxygen in presence 

of cholesterol oxidize to cholestene-3,1 and hydrogen peroxide , which 

converted by peroxidase to H 2O and oxygen then oxygen accepted by para-

amino phenazone in presence of phenol to produce quinoninmine  pink color 

measured by spectrophotometry. (Allainet al., 1974) .  

3.2.1.2. Procedure: 

 

The test tubes were mixed thoroughly and incubate for 10 minutes at room 

temperature. 

The absorbance of standard and sample were measured at 500 nm against the 

blank. 

3.2.2. Estimation of triglyceride: 

3.2.2.1. Principle of the method: 

Triglycerides hydrolyzed enzymatically in the presence of lipase to 3fatty acid 

and glycerol , which phosphorylated in the presence of ATP and glycerol 

kinase to glycerol-3-phosphate that oxidized in presence of glycerol-3-

phospate oxidase to dihydroxyacetone phosphate and hydrogen peroxide 

which converted by peroxidase to H 2O and oxygen then oxygen accepted by 

para-amino phenazone in presence of phenol to produce quinoninmine  pink 

color measured by spectrophotometry. (Fossati and Prencipe., 1982). 

3.2.2.2. Procedure: 

 

 

 Blank Standard Sample 

Cholesterol STD - 10 µl - 

Sample - - 10 µl 

Reagent 1.0 ml 1.0 ml 1.0 ml 

 Blank Standard Sample 

Triglycerides STD - 10 µl - 

Sample - - 10 µl 

Reagent 1.0 ml 1.0 ml 1.0 ml 
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The test tubes were mixed thoroughly and incubate for 15 minutes at room 

temperature. 

The absorbance of standard and sample were measured at 500 nm against the 

blank 

3.2.3 Estimation of high density lipoprotein (HDL-c): 

3.2.3.1. Principle of method: 

Very low density lipoproteins, chylomicrons and low density lipoproteins in 

the sample precipitate with phosphotungstate and magnesium ions, after 

centrifugation the supernatant contains high density lipoproteins which 

measured by cholesterol oxidase method spectrophotometrically. (Burstein et 

al., 1980). 

3.2.3.2. Procedure: 

Precipitation: 

 

Mix thoroughly and let stand for 10 minutes at room temperature  

Centrifuge at minimum of 4000 r.p.m for 10 minutes. 

Carefully collect the supernatant 

Colorimetry: 

 

The test tubes were mixed thoroughly and incubate for 30 minutes at room 

temperature. 

The absorbance of standard and sample were measured at 500 nm against the 

blank 

3.2.4. Calculation of low density lipoprotein (LDL-c): 

LDL-c calculated from Fried-Wald
,
s equation: 

LDL-c = Total cholesterol – HDL-c –Triglyceride\5 

 

Sample 0.2 mL 

Reagent cholesterol HDL 0.5 mL 

 Blank Standard Sample 

D.W 100 µL - - 

HDL cholesterol 

standard 

- 100 µL  

Sample 

supernatant 

- - 100 µL 

Reagent 

cholesterol 

1.0 mL 1.0 mL 1.0 mL 
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3.3. Quality control: 

The precision and accuracy of all methods used in this study were checked by 

commercially prepared control sample (control normal and pathogen) before 

its application for the measurement of test and control samples. 

3.4. Data analysis: 

Data was analyzed to obtain means standard deviation and correlation of the 

sampling using statistical package for social science (SPSS) computer 

Programmed version 11.5, t test and Person correlation were applied for 

correlation between variables. 
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4. Results 

      The results of biochemical determinant of plasma lipid profile ( total 

cholesterol, triglyceride, HDL-c and LDL-c) in malnourished children are 

given in tables and Figures. 

Figure (4-1): Shows gender distribution, (56.7%) of patients were females 

while (43 .3%) were males. 

Figure (4-2): Shows age distribution, (85%) of patients between (6-9) years, 

(8%) betweens (10-13) years and (7%) between (14-17) years. 

  Table (4-1): illustrates mean concentration of plasma lipid profile (total 

cholesterol, triglyceride, HDL-c and LDL-c) and BMI in patients and control 

groups. The levels of plasma lipid profile ( total cholesterol, triglyceride, 

HDL-c, LDL-c) and BMI were significantly decreased in malnourished 

children compared to control group. Total cholesterol (mean ± SD: 58.25 

±3.15 versus 128.33 ±5.68 mg/dl, p. value=0.000), triglyceride (35.12± 4.63 

versus 82.32 ±11.56 mg/dl, p. value=0.000), HDL-c (25.02±4.44 versus 

55.12±3.70 mg/dl, p. value=0.000) LDL-c (26.18±4.28 versus 56.85±5.39 

mg/dl, p. value=0.000) and BMI (mean ± SD: 15.28 ± 2.28 kg/m2 versus 

19.25 ± 2.48 kg/m2. p. value=0.000). 

Table (4-2): illustrates correlation between plasma lipid profile ( levels 

cholesterol, triglyceride, HDL-c, LDL-c) and duration of disease in 

malnourished children, there were no correlation between duration of disease 

and plasma cholesterol level(r=0.031, p=0.812) and HDL-c(r=0.000, 

p=0.998), there was insignificant weak negative correlation between plasma 

triglyceride and duration of disease (r=-0.085, p=0.519) and there was 

insignificant weak positive correlation between plasma LDL-c and duration of 

disease (r=0.176, p=0.817). 

Figure (4-3): Shows correlation between plasma Cholesterol level and age in 

case group. There was no correlation. (r=0.046, p=0.729). 

Figure (4-4): Shows correlation between plasma triglyceride level and age in 

case group. There was insignificant weak positive correlation. (r=0.164, 

p=0.212). 

Figure (4-5): Shows correlation between plasma HDL-c and age in case 

group. There was no correlation. (r=0.044, p=0.740). 

Figure (4-6): Shows correlation between plasma LDL-c level and age in case 

group. There was insignificant weak positive correlation. (r= 0.167, p=0.203). 
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Figure (4-1): Gender distribution in case group. 
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Figure (4-2): Age distribution in case group. 
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Table (4-1): Comparison of plasma levels cholesterol, triglyceride, HDL-c, 

LDL-c and BMI in malnourished children and control group. 

 

  *Result given in mean ± SD. 

  * P-value ≤ 0.05 Consider significant. 

Independent sample T test was used for comparison. 

 

Table (4-2): Correlation between plasma levels cholesterol, triglyceride, 

HDL-c, LDL-c and duration of disease in malnourished children . 

 

Correlation variables R. Value P. value 

Duration/ Cholesterol 0.031 0.812 

Duration/ Triglyceride -0.085 0.519 

Duration/ HDL-c 0.000 0.998 

Duration/ LDL-c 0.176 0.817 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Case 

N=60 

Mean ± SD 

Control 

N=60 

Mean ± SD 

p. value 

Cholesterol (mg\dl) 58.25 ± 3.15 128.33±5.68    0.000  

Triglyceride(mg\dl)   35.12±4.63 82.32±11.56    0.000  

HDL-c (mg\dl) 25.02±4.44 55.12±3.70 0.000 

LDL-c (mg\dl) 26.18±4.28 56.85±5.39 0.000 

BMI (Kg/m2) 15.28±2.28 19.25±2.48 0.000 
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Figure (4-3): Correlation between plasma Cholesterol level and age in case 

group. (r=0.046, p=0.729). 
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Figure (4-4): Correlation between plasma triglyceride level and age in case 

group. (r=0.164, p=0.212). 
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 Figure (4-5): Correlation between plasma HDL-c and age in case group 

(r=0.044, p=0.740). 
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Figure (4-6): Correlation between plasma LDL-c level and age in case group. 

(r= 0.167, p=0.203). 
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5. Discussion, Conclusion and Recommendations 

5.1. Discussion: 

Malnutrition is generally a nutritional problem that results from varying 

proportion of protein and calories deficiency in infant and young children and 

is a complicating factor for other illnesses in developing countries. (Mubarak 

et al., 2003). 

Malnutrition affects many substances in the body by decreasing them, this 

study conducted to get the effect of malnutrition on the levels of plasma lipid 

profile ( total cholesterol, triglyceride, HDL-c and LDL-c). 

The finding obtained from especially designed questionnaire revealed that, 

(56.7%) of patients were females and (43.3%) of patients were males. This 

result agreed with another study carried by ( kaneta et al., 2000 ),  which 

showed that malnutrition most abundant in females than males due to 

traditional food sharing behaviors in some households may result in females 

diet being less adequate than males. 

The result of this study showed that, PEM most common among age between 

(6-9) years (85%).This result agreed with group studies carried by many 

researchers (Chukwuma ,2015 ;Irena , 2011 and Jobia ,2008) which showed 

that , malnutrition tendency to develop in lower aged group due to increased 

nutritional need for developing in African (Nigeria) and Asian (Bangladesh) 

countries. 

From the finding of this study, it appears that plasma lipid profile levels of 

total cholesterol, triglyceride, HDL-c and LDL-c were significantly decreased 

in malnourished children group in comparison to control group 

(p.value=0.000), this results agreed with a study carried by (Akuyam et al., 

2008) who reported similar finding in malnourished children group in 

compare to control, this due to the decreased intake of nutrients, reduced food 

intake often due to decreased appetite, infection, starvation, malabsorption 

and increased metabolic losses of nutrients or an initial nutrients deficiency. 

Also the results in agreement with many studies  carried by other researchers. 

( Mishra et al., 2009 ; Chatterjee ,K and Chaudhui,J.,1960; Ogunkeye and 

Ighogboja,1992; Teran ,1999 and Boulga et al., 2000) who had reported 

decreased plasma lipid profile in malnourished children, the reduction due to 

decreased ability of the liver cells to metabolize lipid in form of lipoproteins. 

Also the findings of this study showed that there were no correlation between 

duration of disease and concentration of plasma total cholesterol, HDL-c and 

there was insignificant weak negative correlation of triglyceride and duration 
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of disease, and there was insignificant weak positive correlation of LDL-c and 

duration of disease. 

Also the result showed that, there were no correlation between plasma total 

cholesterol, HDL-c and age of malnourished children, this result agreed with 

another result, which showed that, there was no correlation between plasma 

lipid profile levels and age of malnourished children (Akuyamet al., 2009). 

And there were insignificant weak positive correlation between triglyceride, 

LDL-c levels and age of malnourished children, this result not agree with 

another study carried by(Akuyamet al., 2009). Showed there were no 

correlation between triglyceride, LDL-c levels and age of malnourished 

children.   
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5.2. Conclusion: 

From the results and finding of this study, it is concluded that:  

 The levels of plasma lipid profile (total cholesterol, triglyceride, HDL-c 

and LDL-c) were significantly decreased in malnourished children. 

  There were weak positive correlation between triglyceride, LDL-c 

levels and age of malnourished children. 

  There was insignificant weak negative correlation of triglyceride and 

duration of disease, and there was insignificant weak positive 

correlation of LDL-c and duration of disease. 

 

5.3. Recommendations: 

From the findings of this study it is recommended that: 

 The levels of plasma Total cholesterol, triglyceride, HDL-c and LDL-c  

in malnourished children should be checked regularly. 

 Treatment of malnourished patients together with complete nutritional 

supplementation is very important.  

 Liver function test must be done to avoid liver disease. 
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Questionnaire 

                                         Appendix (I) 

Sudan University of Science and Technology 

Collage of graduate studies 

 

Evaluation of plasma Lipid profile among Sudanese Children with 

Malnutrition in Khartoum state  

 

 

Patient No: ……………………………………………… 

Name: ………………………………………………. 

Age: ……………………………………… years 

Gender:        male (      )                               female (          ) 

Weight: ………………………………………………kg 

Height: …………………………………………… cm 

BMI: ……………………………………………kg/m2 

Duration of malnutrition: ………………………………..   Days 

Investigation requirement: 

Plasma total cholesterol concentration=……………   mg/dl                Plasma 

triglyceride concentration= …………………   mg/dl    

Plasma HDL-c concentration= ……………………...   mg/dl   

Plasma LDL-c concentration= ………………………   mg/dl   
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