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Abstract: Natural nutrition is essential in the somatic and neuromotor development of the infant. The 

role of natural nutrition in the prevention of obesity since infancy has been increasing interest among 

researchers. The infancy is considered critical in obesity formation through the direct relationship 

between the body mass index from the age of 2 months and that of the pre-school age. A prospective 
study made on groups and sub- groups has been described, which included children aged 1-23 months, 

naturally and formula-fed, overweight or obese and for which there were assessed the most commonly 

used immune markers (leptin, interleukin-6 and ultra-sensitive C-reactive protein). Correlations (mean 

and median) between subjects’ weight and immune markers values were performed 
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INTRODUCTION 

It is recognized the fundamental role of the natural 

nutrition in the somatic and neuromotor development of the 
infant, the anti-infective protective role. More and more studies 

are focused on the role of natural nutrition in preventing obesity 

for children, especially as obesity has become a scourge of 

society and its onset is observed at younger ages. Both prenatal 
and infant period are considered critical periods in the formation 

of obesity, through direct relationship with maternal obesity, on 

one hand, and the direct relationship between body mass index 

(BMI) at age of 2 months and the BMI at the age of pre-school. 
Although there are few clinical studies focused on the 

inflammatory effects of increased weight gain in the infant, all 

focus on a common finding: fast postnatal weight gain in the 

first 6 to 12 months of life is a strong risk factor for metabolic 
disease independent of weight at birth. TNFα, IL-6 and ultra-

sensitive C-reactive protein are the most studied inflammatory 

markers associated with obesity. IL-6 is most strongly related to 

anthropometric measurements in children aged 3 years old, (1,2) 

being directly related to BMI values. A negative association was 

demonstrated between IL-6 levels in human milk and BMI in 

the 1-month old infant.(3) 

 An analysis of research that included leptin, 
interleukin-6 and ultra-sensitive C-reactive protein as study 

markers in demonstrating their role in childhood obesity 

revealed the following: 

- the average age included in the study was 9 years; 
- 3 out of 8 studies could not demonstrate any statistical 

significance between IL-6 and BMI values; 

- the increased leptin values were very statistically 

significant in obese patients (p < 0,001) towards those of 
hsPCR (p < 0,01); 

- only one study was able to demonstrate the statistical 

superiority of IL-6 compared to hs-PCR; 
- the statistical significance of IL-6 could not be 

demonstrated either in the group with metabolic syndrome 

associated with morbid obesity, although there is data in 

the literature that gives it superiority towards other 
immune markers; 

- authors who studied the action of IL-6 and leptin in obese 

children undergoing a weight loss program demonstrated 

the statistical significance of decreasing the values of the 
two markers with (significant) weight loss, but without 

any association between IL-6 and leptin;  

- it seems that the improvement in IL-6 values was not only 

due to the reduction in body weight, but also to the 
positive effect of the sympathetic nervous system on the 

target organs;(4) it is not known whether this effect may 

last longer.(5-7) 

 

PURPOSE 
The objective of the research is to evaluate 

interleukin-6, leptin and ultra-sensitive C-reactive protein as 

immune markers in children aged between 1-23 months, 
naturally fed, compared to children of the same age, formula-

fed. 

 

MATERIALS AND METHODS 
The prospective study, conducted in the Sibiu 

Paediatrics Clinic, for a 24-month period, between January 2016 

and December 2017, comprised 45 children aged between 1 and 

23 months, naturally fed and 39 children of the same age, 
formula-fed.  

The exclusion criteria aimed at removing from the 

study subjects with non-nutritional obesity, that show acute 

signs of infection or aggravation of chronic conditions that could 
affect the value of immune markers (especially interleukin-6 and 

ultra-sensitive C-reactive protein).  

In order to determine weight percentiles, the growth 

charts for the 0-36 months child, for boys and girls, of the 
Centers for Disease Control and Prevention, 2000, were used.  

For the leptin levels dosing, the immunoenzymatic 

method (EIA) was used, the reference values being reported at 
the weight percentile and at the laboratory-specified method of 

work. Normal values were considered below 1.6 ng / mL. 

For dosing interleukin-6 levels, the immunochemical 

method with electrochemiluminescence detection (ECLIA) was 
used. Normal values were considered below 7 pg / mL. 
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RESULTS AND DISCUSSIONS 
 The study groups consisted of group 1, consisting of 

naturally-fed children and group 2, consisting of formula-fed 
children.The results of inflammatory markers (leptin, 

interleukin-6 and ultrasensitive C-reactive protein) are shown in 

tables no. 1-3. 

 

Table no. 1. Mean, median and mode of leptin values in 

subjects included in the study  
Leptin (ng/mL) Mean Median Mode 

Group 1 (n = 45) 1,41 0,6 0,4 

Group 2 (n = 39) 1,83 0,9 - 

It is found that at the level of the entire study group, 

the mean of leptin values is higher (1.83 ng/mL) in group 2 
(formula-fed children) than in group 1, children fed with human 

milk (1.41 ng/mL). 

 

Table no. 2. Mean, median and mode of interleukin-6 values 

in the subjects included in the study  
Interleukin-6 (pg/mL) Mean Median Mode 

Group 1 (n = 45) 15,94 2,69 1,5 

Group 2 (n = 39) 12,89 7,77 - 

Although the median of interleukin-6 values is higher 

(7.77 pg/mL) in group 2 (formula-fed children) than in group 1, 

children fed with human milk (2.69 pg/mL), the mean of 
interleukin-6 values appears inversely represented: lower in 

group 2 (12.89 pg/mL) than in group 1 (15.94 pg/mL), due to a 

larger variation of values in group 1.  

 

Table no. 3. Mean, median and mode of ultra-sensitive C-

reactive protein values in the subjects included in the study  
Ultra-sensitive C-reactive 

protein (mg/dL) 

Mean Median Mode 

Group 1 (n = 45) 0,36 0,211 0,012 

Group 2 (n = 39) 0,5 0,271 1,1 

For ultra-sensitive C-reactive protein, both the mean 

(0.5 mg/dL), as well as the median (0.271 mg / dL) of the values 
are higher in group 2 (formula-fed children) than in group 1 

(children fed with human milk). By analysing the values of 

leptin, interleukin-6 and ultra-sensitive C-reactive protein, 

depending on the weight percentiles of the subjects included in 

the two study groups, we have divided the groups into two sub-

groups (1a. overweight or obese children, fed with human milk; 

1b. children of normal weight, naturally-fed; 2a. overweight or 

obese children, formula-fed; 2b. children of normal weight, 
formula-fed) and we have inserted the results in tables no. 4-6. 

 

Table no. 4. Mean, median and mode of leptin values in 

subjects included in study sub-groups  
Leptin (ng/mL) Mean Median Mode 

Sub-group 1a (n = 9) 2,46 3,3 - 

Sub-group 1b (n = 36) 1,15 0,6 0,4 

Sub-group 2a (n = 30) 2,23 1,0 - 

Sub-group 2b (n = 9) 0,5 0,4 - 

It is found that the highest value of the leptin mean is 

in sub-group 1a (2.46 ng/mL), followed by sub-group 2a (2.23 

ng/mL), then sub-group 1b (1.15 ng/mL) and sub-group 2b (0.5 
ng/mL). The values are in contradiction with the literature data, 

according to which higher leptin values should have been found 

in the obese, formula-fed sub-group. This distribution is due to 

the intervention of maternal weight. 
As in the case of leptin, the highest value of the 

interleukin-6 mean is found in sub-group 1a (37.81 pg/mL), 

followed by sub-group 2a (14.64 pg/mL). According to 

literature data, leptin values are in direct proportional relation to 
the weight of subjects, but in this study the mean of interleukin-

6 values in naturally-fed obese subjects exceeds that of formula-

fed, obese subjects. 

 

Table no. 5. Mean, median and mode of interleukin-6 in 

subjects included in study sub-groups  
Interleukin-6 (pg/mL) Mean Median Mode 

Sub-group 1a (n = 9) 37,81 23,39 - 

Sub-group 1b (n = 36) 10,48 1,92 1,5 

Sub-group 2a (n = 30) 14,64 8,73 - 

Sub-group 2b (n = 9) 7,07 2,94 - 

 

Table no. 6. Mean, median and mode of ultra-sensitive C-

reactive protein values in subjects included in study sub-

groups  
Ultra-sensitive C-reactive 

protein (mg/dL) 

Mean Median Mode 

Sub-group 1a (n = 9) 0,460 0,282 - 

Sub-group 1b (n = 36) 0,434 0,286 0,012 

Sub-group 2a (n = 30) 0,624 0,679 1,1 

Sub-group 2b (n = 9) 0,121 0,097 - 

The highest mean of the ultra-sensitive C-reactive 

protein values was identified in sub-group 2a (0.679 mg/dL), 

according to literature data.   
The study has shown that inflammatory markers are 

directly related to obesity, with the exception of sub-groups 

where the variations of the values are high. The study revealed 

contradictory associations between obesity and natural nutrition 
in terms of leptin and interleukin 6 (both for mean, as well as for 

median).  The ultra-sensitive C-reactive protein values are in 

accordance with literature data, meaning that ultra-sensitive C-

reactive protein influences weight, especially in formula-fed 
children.  

 

CONCLUSIONS 
Children aged 1-23 months, overweight or obese, have 

elevated values of the immune markers (leptin, interleukin-6 or 

C-reactive protein). In order for the role of obesity prevention 

through natural nutrition to be better expressed, the recruitment 

of subjects should be optimal.  
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