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Abstract 

Background: Under nutrition causes reduced growth and endocrine adaptations in order to maintain basic life processes. 

Protein energy malnutrition often coexists with micronutrient deficiencies. Malnutrition results from multiple 

deficiencies, not necessarily limited to lack of proteins or calories, but also involving other associated or separate factors 

such as deficiency of trace elements, such as copper and zinc and lipid profile. Methods: A case control study was 

carried out in department of Pediatrics, Maharani Laxmi Bai (MLB) Medical College, Jhansi from September 2009 to 

August 2010. 108 cases & 108 matched controls were recruited according to sex, weight and height after written 

informed consent with the approval of ethical committee. Total cholesterol and fractions (low-density lipoprotein 

cholesterol, high density lipoprotein cholesterol) and triglycerides concentrations were determined by automated 

enzymatic methods. The results were analyzed by the appropriate statistical test. Results: In present study, more than half 

children were suffered from marasmus as an acute malnutrition and most of children were of below 24 months of age. 

Total cholesterol, triglyceride and HDL levels were lower in PEM children while LDL & VLDL levels were higher in 

malnourished children group. Conclusion: The prevalence of under nutrition and dyslipidaemia observed in these 

children is a matter of concern considering the age group evaluated. These Biochemical parameters were found to be 

sensitive indicators for nutritional status and can be used for diagnosis of sub clinical case of protein energy malnutrition 

(PEM). 

………………………………………………………………………………………………………………………………... 

Introduction 

Never before in the history, has the human race faced a 

situation as it does today. It now stands at a point where 

millions in the developing countries suffer from 

perpetual hunger. Many die every day directly or 

indirectly from malnutrition. Children are the worst 

victims, and kwashiorkor and marasmus are the 

printable symbols of this immense human misery. 

 

The World Health Organization defines undernutrition 

as the outcome of a variety of pathological conditions 

that result from deficiencies in absorption, 

transportation or utilization of nutrients by cells of the 

body. It is estimated that more than one quarter of the 

global population of children are currently affected by 

protein-energy undernutrition (PEU) [1]. 
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Malnutrition has been responsible, directly or indirectly, 

for 60% of the 10.9 million deaths annually among 

children under five. Under-nutrition is the underlying 

cause for about 50% of the 2.1 million under-5 deaths in 

India each year [2]. The prevalence of under-weight 

children under three years and five years of age are 47 

percent, 43 percent respectively. About 55 million, or 

one-third, of the world’s under weight children under 

age five live in India [3]. Under nutrition in children is 

often accompanied by vitamin and mineral deficits. 

Indeed, iron deficiency anaemia (sideropenicanaemia) 

is the most frequent nutritional deficiency worldwide, 

closely followed by hypovitaminosis [4]. Protein energy 

malnutrition often coexists with micronutrient 

deficiencies reported that malnutrition results from 

multiple deficiencies, not necessarily limited to lack of 

proteins or calories, but also involving other associated 

or separate factors such as deficiency of trace elements, 
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such as copper and zinc, lipid profile and serum sodium, 

serum potassium in malnutrition [5]. The first indication 

that severe undernutrition could cause hepatic lesions 

and alterations in the lipid profile was reported by 

Snapper et al [6] in 1965 following studies on adults 

who had experienced inter-uterine undernutrition during 

World War II. The relationship between pre-natal 

exposure to undernutrition and alterations in the lipid 

profile of adults has since been confirmed in a number 

of investigations carried out in developed countries [7-

9].However, studies concerning the possible association 

between hepatic alterations and chronic undernutrition 

in childhood are scarce and dated [10-12].  

 

Since the main function of the lipoproteins is transport 

of fat, it is a logic to study the profile of these in protein 

energy malnutrition. In India, there is paucity of work 

on this biochemical aspect in spite of the frequent 

prevalence of this disease in pediatric age group. In the 

present study the profile of lipoproteins will be studied 

and correlated with their values in patients of PEM. It 

was aimed to evaluate the lipid profile in infants and 

children with malnutrition to assess the status of lipids 

profile and to further evaluate the possible inter-

relationship between the clinical progress of the 

malnourished child and changes in the lipid profile in 

cases and controls groups. This study was a modest 

attempt to assess the serum lipid profile in malnutrition 

children of Bundelkhand region. 

Material and Methods 

This case control study was conducted in the 

Department of Pediatrics, Maharani Laxmi Bai (MLB) 

Medical College, Jhansi with active collaboration with 

Department of Medicine, Maharani Laxmi Bai Medical 

College, Jhansi over a period of one year from 

September 2009 to August 2010. 

 

Selection of Cases- Infants and preschool children aged 

6 months to 59 months suffering from malnutrition 

weighing less than 80% of 50th percentile according to 

Indian Academy of Pediatrics (IAP) classification for 

their age would comprise the cases. Children were 

picked up from those attending ward and emergency 

unit of pediatric department at MLB Hospital Jhansi 

 

Selection of Control Group- Infants and preschool 

children aged 6 months to 59 months weighing more 

than 80% of 50th percentile according to IAP 

classification for their age, who will be appreciating 

healthy, would be selected for the control group.108 sex 

matched normal children were picked from outpatient 

clinic at MLB Hospital served as control group. 

Children suffering from primary liver disorder or 

disease like Diabetes Mellitus, primary hypertension, 

myxoedema, renal disorder and malaria etc. affecting 

the total lipids level would be excluded from both the 

control as well as study group. Hundred eight children 

with protein energy malnutrition were selected as cases 

in accordance with predefined criteria. Hundred eight 

healthy children served as controls. The cases and 

controls were comparable in relation to age, sex, weight 

and height. A detailed basic details, history and clinical 

examination were undertaken for all recruited children. 

Detailed anthropometry, general and systemic 

examinations were done and the findings were recorded 

in a prepared uniform proforma.  

 

Written informed consent was taken from the parents. 

This study was approved by Maharani Laxmi Bai 

(MLB) Medical College Institutional Ethics Committee. 

3 ml of fasting venous blood samples were collected 

from recruited subjects at morning time.  

 

Serum was separated and stored in aliquots at 4 °C for 

estimation of total lipid profile. A total lipid profile will 

comprise of following test. 

 Total Cholesterol(TC) 

 Serum Triglycerides(TG) 

 High Density Lipoprotein Cholesterol(HDL) 

 Low Density Lipoprotein Cholesterol(LDL) 
 

Serum lipid profile estimation was done by enzymatic 

method with the help of accurex diagnostic kit as per 

manufacturer’s instruction (manufactured by Accurex 

Biomedical PVT LTD, India) and the test was analyzed 

on Selectra-E random access analyzer (Merck). Serum 

LDL cholesterol (LDL) was calculated by Frederickson 

-Friedwald’s formula according to which LDL 

cholesterol = Total cholesterol - (HDL cholesterol + 

VLDL cholesterol). Lipid profile concentration was 

measured in milligram per deciliter (mg/dl). Values for 

lipid profiles will be considered as per Lipid Profile 

Norms in the Indian Children and NCEP guidelines 

(National Institute of Health Parent’s Guide, September 

1993). 

 Total Cholesterol = 134.5 mg% 

 Triglycerides = 91.1 mg% 

 LDL = 80.1 mg% 

 HDL = 34.15 mg% 
 

Abnormal values will be considered as: 

 Total Cholesterol > 190 mg% 

 Triglycerides > 150 mg% 

 LDL > 130 mg% 

 HDL < 20mg% 
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Analysis of data: The Statistical Package for Social 

Sciences (SPSS) version 19.0 software was used 

foranalysis of data. Appropriate statistical test were 

used for analysis of data. The continuous data were 

summarized as mean and standard deviation while 

discrete (categorical) in numbersand percentage (%). 

The continuous variables (Lipid profile: TC, TG, HDL, 

LDL) were compared by independent student’s t test.  

 

The categorical variables were comparedby chi-square 

(χ2) test. A P value of lessthan 0.05 was considered 

significant. 

Results 

In the present study 108 children with protein energy malnutrition were selected as cases in accordance with predefined 

criteria and 108 children served as controls. The cases and controls were comparable in relation to age, sex, weight, 

height & locality. 

 

     Table-1: Baseline characteristics of children of malnourished and control groups. 

Serial No. Characteristics Malnourished 

n=108 

Control 

n= 108 

p Value 

1. Age in months (Mean ± 

SD) 

25.48 ± 15.13 25.50 ± 15.10 0.99 

2. Sex (Male), n, (%) 63 (58.3) 63 (58.3) 1.00 

3. Weight (Kg) (Mean ± 

SD) 

8.67 ± 2.25 11.56 ± 2.73 <0.001 

4. Height (Cm) (Mean ± 

SD) 

74.96 ± 11.66 85.24 ± 12.42 <0.001 

5. Rural, n, (%) 95 (87.96) 93 (86.11) 0.69 

Table 1 show that clinical characteristics of two groups are summarized in Table 1. At presentation, the demographic 

characteristics viz. age, sex & rural number were similar (p>0.05) between the two groups i.e. not differed statistically. 

However, clinical characteristics like weight & height were lowered significantly (p<0.001) in cases as compared to 

controls. 

 

      Table-2: Clinical and laboratory variables among control and children with PEM. 

Serial No. Characteristics Malnourished 

n=108 

Control 

n=108 

p Value 

1. Mid Upper Arm Circumference (cm ), 

Mean ± SD 

10.18 ± 1.03 13.48 ± 2.13 <0.001 

2. Edema present n, % 40, 37.08 0,0 NA 

3. BMI (kg/m2), Mean ± SD 11.82 ±1.67 21.73 ± 2.19 <0.001 

4. Serum Sodium mEq/L, Mean ± SD 137.50 ± 7.52 139.65 ± 3.71 0.005 

5. Serum Potassium mEq/L, Mean ± SD 4.47 ± 1.39 4.57 ± 0.40 0.50 

Clinical and laboratory characteristics were summarized in table 2 where Mid Upper Arm Circumference (MUAC) & 

body mass index (BMI) were significantly lower in malnourished groups. Similarly, comparing the mean sodium levels 

between the groups, the sodiumlevels were lowered significantly (p<0.005) in malnourished group but potassium level 

did not differ significantly in between both groups. 
 

Table-3: Distribution of protein energy malnutritionchildrenaccording to kwashiorkor, marasmus and 

marasmickawashiorkor. 

PEM Groups Number of children (n =108) % 

Kwashiorkor 22 20.4 

Marasmus 68 62.9 

Marasmic kwashiorkor 18 16.7 

The overall children with protein energy malnutrition in present study in the form of marasmus was 68 (62.9%), 

kwashiorkor was 22 (20.4 %) and marasmic kwashiorkor was 18 (16.7%) as shown in table no. 3. 
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      Table-4: Distribution of protein energy malnutrition children according to age wise. 

Serial 

No. 

Age group Kwashiorkor 

N (%) 

Marasmus 

N (%) 

Marasmic-Kwashiorkor 

N (%) 

p value 

1. 6-12 months 6(27.27) 20(29.41) 4 (22.22) 0.81 

2. >12-24 months 6 (27.27) 20 (29.41) 4 (22.22) 0.81 

3. >24- 36 months 6(27.27) 18 (26.47) 6(33.33) 0.79 

4. >36-60 months 4 (18.18) 10(14.70) 4 (22.22) 0.75 

Table-4 Depicts the distribution of protein energy malnutrition children according to age groups. The first group (6-12 

months) included 30 malnourished children (marasmus = 20 & Kwashiorkor = 6 & Marasmic-kwashiorkor = 4). The 

second group (from 12-24 months) included 30 malnourished children (marasmus= 20 & Kwashiorkor= 6 & Marasmic-

kwashiorkor= 4). The third group (from 24-36 months) included 30 malnourished children (marasmus = 18 & 

Kwashiorkor= 6 & Marasmic-kwashiorkor= 6). The fourth group (> 36 Months) included 18 malnourished children 

(marasmus = 10, Kwashiorkar =4 & Marasmic-kwashiorkor =4). 

 

      Table-5: Distribution of lipid profile levels in malnourished and healthy children. 
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1. Cholest

erol 

171.36 ± 

37.23 

178.47 ± 

38.42 

154.50 ± 

20.10 

173.83 ± 

37.30 

180.55 

± 33.04 

0.45 0.09 0.78 0.01 0.16 

2. TG 80.23 ± 

31.62 

75.22 ± 

29.39 

67.94 ± 

22.70 

75.27 ± 

28.74 

130.68 

± 31.17 

0.50 0.18 0.47 0.33 <0.00

1 

3. HDL 42.82 ± 

2.70 

43.62 ± 

8.95 

45.11 ± 

6.72 

43.75 ± 

7.71 

44.53 ± 

5.80 

0.68 0.15 0.56 0.51 0.40 

4. VLDL 51.14 ± 

25.60 

51.16 ± 

21.44 

51.78 ± 

24.19 

51.31 ± 

22.55 

37.16 ± 

8.79 

0.99 0.94 0.97 0.92 <0.00

1 

5. LDL 81.91 ± 

34.39 

77.09 ± 

60. 10 

56.83 ± 

12.73 

75.41 ± 

51.51 

70.02 ± 

33.74 

0.72 0.005 0.57 0.16 0.36 

Table no 5 show distribution of lipid profile in different sub groups of protein energy malnutrition children and healthy 

(control) group. Serum cholesterol was significantly lowered in marasmic-kwashiorkar group as compared with 

marasmic children. Similarly serum triglyceride levels were significantly lowered in PEM children in comparison to 

healthy ones, whereas VLDL levels were significantly higher in PEM children as compared with control group. Although 

LDL levels were significantly lowered in marasmic-kwashiorkar group as compared with kwashiorkor groups. 

Discussion 

The present study assessed the lipid profile levels in 

malnourished children in comparison to healthy 

children in Budelkhand region of Uttar Pradesh. This 

study was a modest attempt to assess the serum lipid 

profile, in different type of clinical condition of 

malnutrition like kwashiorkor, marasmus and maras-

mickawashiorkor in various age groups of children.  

 

According to WHO, more than one quarter of the global 

population of children are currently affected by protein-

energy malnutrition (PEM). It constitutes a major 

pediatric problem in most of developing countries 

because it stands as a major threat to Infant’s health, 

growth, and development. PEM covers not only the  

 

 

clinical spectrum, ranging from kwashiorkor to severe 

marasmus, but also the milder forms which manifest 

themselves in varying degrees of growth retardation and 

functional impairment in millions of poor children of 

the developing countries [14]. This study reflected that 

anthropometric parameter like weight, height, MUAC 

and BMI all were significantly compromised in 

malnourished children than the healthy children which 

denote that all malnourished children were suffering 

from acute on chronic malnutrition.  

 

It was also noted that serum sodium levels were reduced 

in malnourished children, although their laboratory 

value was in normal range so it may not be so 
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significant to cause any clinically disturbance in 

children but statistically it was significantly differed. In 

severely malnourished children excess body sodium 

exists even though the plasma sodium may be low. 

However, hyponatraemia may be seen in some children 

with water retention (dilutional hyponatraemia) [15]. 

Potassium levels were not affected in both groups, it 

was in normal range in both groups.It may be due to 

false positive reading because of hemolyzed sample. 

PEM children may have started oral supplementation of 

potassium before admission. 

 

In present study, more than half children were suffered 

from marasmus as an acute malnutrition and most of 

children were of below 24 months of age. These results 

were similar to the observation made by previous study 

[16]. Prolonged breast feeding and delayed weaning 

could be the important causes of the higher mean age of 

marasmus group [17]. 

 

In the present study different serum lipid levels were 

analyzed in the malnourished groups and the control 

group. Different serum lipid levels such as cholesterol, 

triglyceride, HDL, VLDL and LDL were encountered in 

present study in both groups.Further, lipid profile of 

PEM children were measured of their three sub groups 

(kwashiorkor, masammus & marasmic-kwashiorkor) 

Total cholesterol, triglyceride and HDL levels were 

lower in PEM children while LDL & VLDL levels were 

higher in malnourished children group.  

 

Serum lipids may be low normal or high and is 

inversely proportional to the extent of fatty liver. 

Defatting stage may show high values. Lipogenesis 

make the levels gradually normal. However low serum 

total lipids have been observed as probable predictors of 

mortality [15]. Our observations were consistent with 

the previous observations [18, 19, 20]. 

 

In the present study levels of total cholesterol were 

significantly reduced in marasmic-kwashiorkor groups 

compared with other sub group of PEM children. While 

levels of LDL were significantly higher in Kwashiorkor 

sub group and overall, it was also higher in PEM 

children as compared with healthy children but it was 

not differed significantly.  

 

The high prevalence of dyslipidemia in children in the 

present study demonstrated that malnutrition in early 

life leads to change in lipid metabolism. Kwashiorkor is 

the severest form of malnutrition, as lipid profile is 

maximally disturbed. Marasmus is the compensated 

form of malnutrition where lipid profile is minimally 

disturbed. Marasmic-kwashiorkor is a group showing a 

mixed pattern of changes in the lipid profile, but pattern 

is more close to the kwashiorkor group at the severe 

stage as well as during the recovery stage. While levels 

of triglyceride weresignificantly reduced in PEM 

children as compared with healthy control group, in 

contrast VLDL levels were significantly higher in PEM 

children [21].  

 

It was assumed that the high frequency of dyslipidemia 

(low TG & high VLDL) observed in the present study 

was a consequence of the adaptation to chronic under 

nutrition, although limited studies were done to support 

this supposition. Further, studies are to be needed 

especially in developing countries in larger children for 

future research purpose. 

 

In present study higher levels ofVLDL and low levels 

of triglyceride were observedin PEM children as 

compared with control group, similarly observed in 

others studies as discussed earlier [18, 20]. However, 

stunting appears to have permanent effects on 

cholesterol metabolism, resulting in decrease in number 

of active hepatic receptors, which regulate cholesterol 

synthesis [22]. This was observed in the present study, 

since the serum LDL levels were high in PEM children.  

 

Anthropometry, clinical presentation and biochemical 

changes form the ideal combination for assessing the 

severity of malnutrition. The use of these biochemical 

markers in pediatrics is increases because these 

measurements are non-invasive and generally available. 

These biochemical markers are capable of measuring 

the changes in PEM over short intervals.  

 

There increased use has potential in better selection of 

patients for therapy and better monitoring of the 

effectiveness of therapies. The limitations for its use as 

indicator for nutritional status are the need for its 

determination and also its expensive price for those 

patients in the developing countries. 
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