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INTRODUCTION
The thesis is based on a two fundamental and universally accepted consensus in the
medical world:
- The obesity is a growing scourge of the society;

- The human milk nutrition reduces the risk of obesity.

The obesity in children has become a public health issue — over 40 millions of scholars
are obese, the observation being even more serious how much this increase is accompanied by
type 2 diabetes mellitus, equally[1].

The specialists of The Center for Disease Control (CDC) and The Monitoring Center
of Health and Nutrition (NHANES) drew attention to the increase of prevalence of obesity in
6-23 months of age, the tendency recorded over the past 30 years [2].

Recently, Roy et al published in 2016 the results of a study in which they concluded
that the second-month of life excess weight it may be considered a risk factor for the obesity
in the prescholars and even in adolescents [3].

Although there are few clinical trials focused on the inflammatory effects of the
increased velocity of infant weight, all focus on a common finding: the rapid postnatal growth
in the first 6-12 months of life represents a strong risk factor for metabolic disease
independent of birth weight [4].

Overall, the immediate postnatal period is very clear a sensitive window for modeling
the nutritional and inflammatory responses (meta-inflammation or obesity-induced
inflammation, inclusively), but currently there are a few guidelines regarding the management
of a rapid growth in infants [5].

Since 1999, von Kries [6] promote the role of human milk in preventing obesity, by
publishing the results according to which the overweight or obesity risk (the prevalence at 5
years) descreases proportionally to the breastfeeding duration.

Although it does not exist a typification of human milk immunological composition
derived from healthy mothers (conversely, it does a substantial inter~ans intra-individual
variations), the research in the field of human milk nutrition have suggested the existence of a
,basal” common immunological composition, which all women, regardless of their origin,
can reproduce it. And these physiological variations in the immune profile of human milk just
reflect the individual models in immune system of the child.
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The way by which ,,per se” the human milk nutrition prevents obesity is correctly
evaluated by the whole immunological composition of human milk.

The doctoral thesis contain 180 pages: 49 pages for literature review, 108 pages for
personal research and 21 pages for bibliography. Also contain 51 tables, 11 figures and 25
graphics. Are recorded 251 references, more than 40 % belonging to the last 5 years and more
than 15 % to the last 3 years.

THE LITERATURE REVIEW

The first part of the doctoral thesis is made up of 3 main chapters | which they are
addressed to the theoretical point of view regarding the obesity in children and the human
milk nutrition.

The chapter 1 is meant to human milk which is describes the composition/biostructure
which gives it the immunological superiority. The human milk major bioactive factors and its
interrelation occupies the next subchapter. Is documented the role of human milk nutrition in
the pediatric pathology, respectively the protective role, antiinfectious and anti-inflammatory
ones and the energetic role, to prevent the overweight and obesity. Starting from its
uniqueness, are described the determinant factors of the inter~and intra-individual variations
of human milk.

In the chapter 2, entitled “The inflammatory immunological markers in relation to
human milk”, are described in detail the most important markers: interleukin-6 (IL-6) and
leptin. Are also mentioned adiponectin, interleukin-8 and chemerin. Initially, the IL-6 was
considered the most important marker of (neonatal) sepsis and has been widely used in this
regard. More studies have shown a positive association between obesity and IL-6 levels, also
a positive association between IL-6 and insulin resistance and type 2 diabetes mellitus.
Unfortunately, the study in a healthy population regarding the IL-6 levels and growth in
infants are limited [7, 8]. Due to its dual function, leptin links the neuro-endocrin system to
the immune system. The role of leptin in immune and inflammatory response modulation has
recently become more and more obvious. The increasing production of leptin during infection
and inflammation suggests that leptin is a part o cytokine network which governs the
inflammatory-immune response and the host defense mechanisms [9-13].

The chapter 3 approaches the obesity and the low-grade inflammation. The
worldwide prevalence of the child obesity has greatly increased over the last 3 decades [14-
16]. This observation is even more serious as it has been found the growth alike of type 2
diabetes mellitus in children [17, 18]. Some studies have shown a positive correlation between
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seric levels of IL-6 and obesity and glucose intolerance, similar in the adult and pediatric
population [19-21]. Although these studies do not refer to the physio-pathological aspect of
the results, the association of the circulating IL-6 with anthropometric and metabolic markers
link to insulin resistence indicates the participation of this cytokine to the insulin resistence
since childhood and continues throughout adulthood. Most of the literature brings clear
evidence that leptin from human milk is positive correlated with maternal body mass index

(BMI). Of all identified bioactive compounds in human milk, the leptin provides the clearest

indication that maternal BMI is positive associated with leptin human milk concentration. The

relation study of human milk leptin concentration and 6 weeks, 4, 12 and 24 months maternal

BMI has highlighted the inverse correlation between the two parameters just at 4 month of

age [22, 23].

Other two chapters are intended to other factors which influenced the obesity in
children: the maternal obesity during pregnancy and the genetic ones. Finally, are listed the
cardio-vascular complications of the obesity.

PERSONAL RESEARCH. The premises of the doctoral thesis are focused on two
fundamental and universally accepted consensus in the medical world:

- the obesity is a growing scourge of the society;

- the human milk nutrition reduces the risk of obesity.

The motivation of the thesis starts from the need of the inflammatory status evaluation
in overweight and obese intants. As long as between obesity and the human milk nutrition
there is a closely connection, than it needs a permanent reconsideration.

The main objectives are:

1. the identification of an inflammatory markers possibly correlated with the 2-23
months of age children obesity;

2. the profile inflammatory markers depending on nutrition, at 2-23 months of age
children, with human milk nutrition (breastfed) or other type of milk than human
(no breastfed).

Following the immunologic evaluation, this research is also proposing its outline of
immune profile of 2-23 months of age child, overweight or obese, with human milk nutrition
or other type of milk than human.

The secondary objectives are highlighted on the evidence of:

1. the influence of demographic factors (age, gender, environmental origin, parity, socio-
economic conditions) on nutrition type and their impact on nutritional status;
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2. the influence of maternal weight before, during and immediate after pregnancy on
nutritional status of child;

3. effects of human milk nutrition time and the moment of diversification on nutritional
status;

4. the effects of early infancy antibiotic use on nutritional status;

5. the influence of nutrition type and the nutritional status on some biological parameters
(hemoglobin, glicemia).

The research is based on a prospective study which include a study group — 2-23
months of age children, breastfed, and a control group, 2-23 months of age children, no
breastfed, admitted in clinic through continued hospitalization or one-day-hospitalization, for
a condition which does not interfere with acute infectious pathology. The research was
conducted in January 2016-December 2017 period.

Were included 84 subjects. The study group included 45 subjects (breastfed), and the
control group 39 subjects (no breastfed). The age of subjects ranged between 2 to 23 months.

The research inclusion criteria were:

- the age, 2-23 months,

- the human milk nutrition or the other type of milk than human,

- the adequate diversification,

- the absence of an infectious event at the moment of evaluation,

- the absence of antibiotic therapy in the last 7 days, both child and mother,

- the absence of a chronic disease, both child and mother,

- the absence of endocrine disease, other causes of obesity than nutritional one,
inclusively, in whole family,

- the absence of chronic medication, both in child and mother.

The research exclusion criteria were:

- age <1 month and > 23 months,

- aninfectious event in the moment of evaluation,

- antibiotic therapy 7 days prior the study admittance, both child and mother,

- chronic disease, endocrine one inclusively, except nutritional obesity,

- chronic medication, both child and mother,

- hemolysed or hyperbilirubinemic serum, who can interfere with the laboratory

parameters results.
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In the study group were included all the 2-23 months subjects, breastfed from birth
until the moment of the study, with or without diversification (complete or not) depending on
age.

In the control group were included all the 2-23 months subjects, no breastfed,
respectively other type of milk than human, adapted to age (except, delactosed formula,
hypoallergenic or hydrolysated protein), from birth, with or without diversification (complete
or incomplete) depending on age.

The method of evaluation consisted in anamnestic, clinical and biological evaluations.

The weight measurement was performed using the electronic scales, calibrated for
each determination. For weight percentiles have been used the growth charts, 0-36 months,
boys and girls, CDC 2000 [24].

The levels dosing of reactive ultrasensitive C protein (hs-PCR) was used the
immunoturbidimetric method, with the expectant normal values < 0,5 mg/dL [25].

For leptin was performed the immunoenzymatic assay (EIA technique). For the child
younger than 24 months (no CDC recommendation regarding the use of BMI as a reporting
value), the reference values depend on age groups. However, the reference values are relative
because they are influenced by the laboratory-specified method of work [25].

The used methosd for IL-6 was immunochemical with chemiluminiscent detection
(ECLIA), with the refecence value < 7 pg/mL [25].

The statistical methods were: mean, median, standard deviation (SD), Chi-Square test,
Spearman correlation coefficient, Student T test or Mann-Whitney test, Kolmogorov-Smirnov
test, the classification tree [26].

The results and the discussions followed the course of the used methodology of
research, starts from comments of the results of research parameters, to comparative analysis
of the parameters ans, finally, to statistical correlations between these.

The whole study group was split, according to nutrition type, in:

- study group, 45 subjects, 2-23 months of age, breastfed from birth to the moment of
study, without diversification (2-6 months subjects), incomplete diversification (7-12
months subjects) and complete diversification (13-23 months subjects).

- control group, 39 subjects, 2-23 months of age, no breastfed from birth to the moment of
study, without diversification (2-6 months subjects), incomplete diversification (7-12
months subjects) and complete diversification (13-23 months subjects).
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The age distribution was no equilibrated, homogeneous, the number of 2-12 months
cases from control group being significantly lower (p = 0,004). Instead, the gender
distribution was equilibrated (1:1), but the male subjects with other type milk than human
nutrition were significantly more than female subjects with human milk nutrition.

The other type of milk than human nutrition was more frequent in urban environment.

The socio-economic conditions contributed to the preliminary conclusions according
to which the majority of subjects with good or very good socio-economic conditions were
breastfed, compared with those with medium or poor conditions.

The parity did not bring the significant results (Chi-Square = 7.878, p = 0.096).

The maternal obesity offered a very significant results (OR = 6.400, 95%ClI:2.415-
16.959, p = 0.000), in the sense that the majority of subjects coming from obese mothers have
received the other type of milk than human, just as the majority of subjects coming from not
obese mothers have received human milk.

About pathologic personal history was proven once again the anti-infectious role of
human milk; the majority of subjects feeded with other type of milk than human presented a
pathologic personal history, compared with those with breastfed, the difference being very
significant (OR = 3.667, 95%Cl:1.277-10.527, p = 0.013).

More cures of antibiotic were significant frequently in control group (Chi-Square =
14.920, p = 0.005) [27].

At the first reading of biological results, in the whole study group was found that the
mean of IL-6 values was higher than normal; the mean values of leptin coincided with the
upper limit of normal values, and the mean of hs-PCR was slightly below the lower limit of
normal. The median of values was below the upper limit of normal for IL-6, leptin and hs-
PCR.

The comparative analysis of the parameters used in research

Was found that the association between leptin and maternal obesity have a strong
significance, in the sense of subjects coming from obese mothers and fed with other type of
milk than human presented a higher values of leptin (p = 0,029).

No association between leptin and infectious events, neither in study and control
groups (p0,07, respectiv 0,501).

Was found that the association between IL-6 and maternal obesity did not presented
any statistical significance (p = 0,592), although the IL-6 values were significant higher in
control group than in study group (p = 0,024).
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The values of IL-6 were strong and significant associated with the infectious events in
the personal history of subjects from control group (p = 0,003).

Was found that the values of hs-PCR from control group were very significant higher
than study group, without any relation with provenance from obese mothers (p = 0,000).

The values of hs-PCR were not significant associated with infectious events (p =
0,837).

The comparative analysis of weight, leptin, IL-6 and hs-PCR values in the study and

control groups revealed the following:

o both, mean and median weight values from control group were significant higher
than study group (p = 0,001);

o both, mean and median leptin, IL-6 and hs-PCR values were higher in the control
group; however, the difference did not presented any significance (p = 0,716, for
leptin; p = 0,080, for IL-6; p = 0,138, for hs-PCR);

o the same trend was found on hemoglobin and glicemia values; the parameters were
evaluated to demonstrate the antianemic role of human milk, respectively the
relation of glicemia with obesity-induced metabolic syndrome (p = 0,032) [28], as

a secondary objectives

The statistical correlation between clinical and biological parameters in the whole study
group, in the study group and control group.
To reveal more constent significance of research paramaters were used the results of
correlation coefficient between those parameters.
v" on the whole study group,

o the age was strong and positive correlated with weight (p = 0,000), negative and
weak, but with statistical significance (p = 0,000) with leptin, and positive and
weak, with statistical significance (p = 0,001), with hs-PCR,;

o the weight was negative and weak correlated with leptin, but with statistical
significance (p = 0,009), negative and moderate, with statistical significance (p =
0,000), with glicemia;

o leptin was correlated weak and negative with hs-PCR (p = 0,028);

o IL-6 was correlated positive and weak, but with statistical significance (p = 0,000)
with hs-PCR; negative and weak, but with statistical significance (p = 0,000) with
hemoglobin;
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v" on the study group,

o the weight was correlated negative and moderate, with statistical significance (p =
0,000) with leptin, negative and weak with IL-6 (p = 0,021);

o leptin was correlated positive and moderate, with statistical significance (p =
0,000), with IL-6;

v" on the control group,

o IL-6 was correlated positive and strong with hs-PCR (p = 0,000).

The correlation coefficients did not bring the positive arguments regarding the
correlation between inflammatory markers and obesity in the study groups. Otherwise, the
literature specifies that from statistical point of view a great values variability of the study
parameters could prevent the establishment of a robust correlations.

The only compliant correlations were:

- IL-6 was positive correlated with hs-PCR, especially in control group;
- leptin was positive correlated with IL-6, in study group.

For this reason a superior analysis has been made, that is the composition of classification
tree.

The classification tree of the nutrition type, the clinical parameter (weight) and
biological parameters (leptin, 1L-6 and hs-PCR) allowed the configuration of immune profile,
the classification tree meeting a very great grade of accuracy (92,9 %):

v’ of the overweight/obese subject, making the main objective of the doctoral thesis
o breastfed
= with higher values of leptin and
= normal values of hs-PCR,
o not breastfed
= with 3 posibilities
e higher values of hs-PCR, or
e normal values of hs-PCR and higher values of leptin, or
e normal values of hs-PCR, normal values of leptin and higher values
of IL-6; the result is acceptable if refer to literature data according
to which IL-6 is the more potent marker of low-grade

inflammation;
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v of the normal weight subject, al subiectului cu greutate normala, making the main
objective of the doctoral thesis
o breastfed
= normal values of leptin; the result is expected, since leptin is given two
circumstances of intervention in weight regulation (as hormone and as
cytokine, involved in low-grade inflammation);
o not breastfed

= normal values of hs-PCR, leptin and IL-6.

CONCLUSIONS

1. The nutrition with other type of milk than human (control group) prevailing, with
statistical significance, in urban environment.

2. The distribution on environmental origin was not homogeneous, the difference being
significant, with predominance of urban not breastfed subjects and rural breastfed
subjects.

3. The breastfed was associated with good and very good socio-economic conditions for the
majority of subjects.

4. The maternal obesity was significant correlated with the type of nutrition: the majority of
subjects not breastfed coming from obese mothers and the majority of breastfed subjects
coming from non-obese mothers.

5. Regarding the frequency of infectious events, the majority of subjects not breastfed
presented a pathologic personal history, with great significance.

6. The more cures of antibiotic were significant more frequent in control group.

7. The mean IL-6 values was higher than upper limit of normal values; for leptin — coincided
with the upper of normal; for hs-PCR - slightly below to the lower limit of normal.

8. Both, mean and median for leptin, IL-6 and hs-PCR from control group were higher than
those from study group.

9. The median for leptin, IL-6 and hs-PCR was below the upper limit of normal in study
group.

10. The leptin values were associated with maternal obesity, but not with infectious events.

11. In the whole study group leptin was negativ and weak correlated with hs-PCR.

12. In the study group leptin was positive and moderate correlated with IL-6.
13
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13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

The I1L-6 values were associated with maternal obesity, but without any statistical
significance and were very strong associated with infectious events.
The IL-6 was negative and weak correlated with hemoglobin in the whole study group,
and positive and weak with hs-PCR, but with statistical significance.
The IL-6 was negative and weak correlated with weight in the whole study group, and
positive and strong with hs-PCR in control group.
The values of hs-PCR were significant higher in control group, but without any
relationship with maternal obesity.
Both, weight mean and median in control group were significant higher.
The weight was correlated, in the whole study group:
- negative and weak with leptin, with statistical significance,
- negative and moderate with glicemia, with statistical significance,
- negative and weak with IL-6, with statistical significance.
The age was correlated, in the whole study group:
- strong and positive with weight,
- weak and negative with leptin,
- weak and positive with hs-PCR.
The immunologic profile for 2-23 months child, overweight/obese, breastfed, assume
higher values for leptin and normal values for hs-PCR.
The immunologic profile for 2-23 months child, overweight/obese, not breastfed, assume:
e higher values for hs-PCR, or
e normal values for hs-PCR and higher values for leptin, or
e normal values for hs-PCR, normal values for leptin, and higher values for IL-6.
The immunologic profile for 2-23 months child, with normal weight, breastfed assume
normal values for leptin.
The immunologic profile for 2-23 months child, with normal weight, not breastfed,

assume normal values for hs-PCR, normal values for leptin, and normal values for IL-6.

Finally, the chapter 9 include : personal contributions, the limits of the study and

recommendations.

The personal contribution, in fact the success of the doctoral thesis, reside in

identification of the inflammatory immunological markers correlated with obesity in 2-23

months children.

14
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Even if the statistical processing has not always succeeded to provide the
semnificative data, the mean and median of the values have demonstrated the major role of
human milk in reducing the risk of obesity. The advanced statistical methods managed the
outline of the immunologic profile of the 2-23 months subject, breastfed or not, with proper
diversification.

The values variability of the parameters, and the multitude of the used parameters, on
the other hand, as otherwise similar findings from literature, have generated the less robust
results, outlining with the relatively small number of cases what we might call the limits of
the study.

Starts from the study results, further research will be able to answer the questions:
when starts the child obesity and what are the most important markers for highlighting the
inflammation and the obesity-induced complications?

Each stage of the study, with its achievements an limits, it might be good for further
research.

Thereby, for perspective studies, the recommendations will be the following:

- the structure of the study according to age groups (0-4 months, 5-8 months, 9-12

months, 24 months, 6 years, 12 years);

- the methodology of the study to be completed with additional biological

parameters (immunoglobulin, lipidic profile).

At the moment, even the determinations of reactive ultrasensitive C protein,
interleukin-6, and leptin, may seem daunting and expensive, for the further research and
pediatric practice the benefits can exceed the costs.

From this perspective, the immunological profile of 2-23 months children, overweight
or obese, breastfed or not, is an important step in the diagnostic and treatment management of

obesity in childhood.

15



Immunological serum markers and obesity, correlations with infant nutrition - Summary

10.

11.

12.

13.

SELECTIVE BIBLIOGRAPHY
***|nternational Association for the Study of Obesity. Obesity the Global Epidemic
(2013). Available from: http://www.iaso.org/iotg/obesitytheglobalepidemic
Paul IM, Bartok CJ, Downs DS, Stifter CA, Ventura AK, Birch LL. Opportunities for
the Primary Prevention of Obesity during Infancy. Adv Pediatr. 2009; 56(1): 107-133.
doi: 10.1016/j.yapd.2009.08.012
Roy SM, Spivack JG, Faith MS, Chesi A, Mitchell JA, Kelly A, Grant SFA,
McCormack SE, Zemel BS. Infant BMI or weight-for-length and obesity risk in early
childhood. Pediatrics, volume 137, number 5, May 2016:e 20153492
David P. McCormick, Kwabena Sarpong, Lindsay Jordan, Laura A. Ray, Sunil Jain.
Infant Obesity: Are We Ready to Make this Diagnosis? The Journal of Pediatrics,
2010; DOI: 10.1016/j.jpeds.2010.01.028
Singer K, Lumeng CN. The initiation of metabolic inflammation in childhood
obesity. J Clin Invest, 2017; 127(1):65-73
von Kries R, Koletzko B, Sauerwald T, et al. Breast feeding and obesity: cross
sectional study. BMJ. 1999;319(7203):147-150.
Tam CS, Garnett SP, Cowell CT, et al. IL-6, IL-8 and IL-10 levels in healthy weight
and overweight children. Horm Res Paediatr. 2010;73(2):128-134
Covarrubias A, Horng T. IL-6 strikes a balance in metabolic inflammation. Cell
Metab 2014;19(6):898-899
Procaccini C, Jirillo E, Matarese G. Leptin as an immunomodulator. Mol Aspects Med
(2012) 33:35-4510.1016/j.mam.2011.10.012
Li S, Li X. Leptin in normal physiology and leptin resistance. Sci Bull. 2016; 61(19):
1480-1488
Schuster S, Hechler C, Gebauer C, Kiess W, Kratzsch J. Leptin in maternal serum and
breast milk: association with infants' body weight gain in a longitudinal study over 6
months of lactation. Pediatr Res 2011; 70: 633-637
Kos K, Wong S, Tan B, Kerrigan D, Randeva H, Pinkney J, Wilding J. Human RBP4
adipose tissue expression is gender specific and influenced by leptin. Clin. Endocrinol.
(Oxf.) 2011, 74, 197-205
Brunner S, Schmid D, Zang K, Much D, Knoeferl B, Kratzsch J, Amann-Gassner U,
Bader BL, Hauner H. Breast milk leptin and adiponectin in relation to infant body
composition up to 2 years. Pediatr Obes. 2015;10:67—73

16



Immunological serum markers and obesity, correlations with infant nutrition - Summary

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

Moreno L, Pigeot A, Wolfgang A. Epidemiology of Obesity in Children and
Adolescents. Prevalence and Etiology. Springer Series on Epidemiology and Public
Health, Vol. 2, 1st Edition, ISBN 978-1-4419-6038-2, 2011, access:
http://www.spring.com

de Onis M, Bldssner M, Borghi E. Global prevalence and trends of overweight and
obesity among preschool children. In: Am J Clin Nutr, 2010, vol.92, p.1257-1264

Ng M. et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis for the Global Burden of
Disease Study 2013. In: The Lancet, 2014, vol.384, p.766-781

Rodriguez-Hernandez H1, Simental-Mendia LE, Rodriguez-Ramirez G, Reyes-
Romero MA. Obesity and inflammation: Epidemiology, risk factors, and markers of
inflammation. Int J Endocrinol. 2013;2013:678159

Tam CS, Clement K, Baur LA, Tordjman J. Obesity and low-grade inflammation: a
paediatric perspective. Obes Rev. 2010 Feb;11(2):118-26. doi: 10.1111/}.1467-
789X.2009.00674.x. Epub 2009 Oct 21

Sana N, Razia I, Talhat M. Role of interleukin-6 in immunity: A Review.
International Journal of Life Sciences Research. Vol. 4, Issue 2, pp: (268-274),
Month: April - June 2016

Fuster J, Walsh K. The good, the bad, and the ugly of interleukin-6 signaling. The
EMBO Journal (2014) 201488856

Muller S, Martin S, Koenig W, Hanifi-Moghaddam P, Rathmann W, Haastert B,
Giani G, Illig T, Thorand B, Kolb H: Impaired glucose tolerance is associated with
increased serum concentrations of interleukin 6 and co-regulated acute-phase proteins
but not TNF-alpha or its receptors. Diabetologia 45:805-812, 2002

Savino F, Liguori SA, Petrucci E, et al. Evaluation of leptin in breast milk, lactating
mothers and their infants. Eur J Clin Nutr 2010; 4: 972-977

Vickers MH, Sloboda DM. Leptin as mediator of the effects of developmental
programming. Best Pract Res Clin Endocrinol Metab. 2012; 26(5):677-87
www.cdc.gov

www.bioclinica.ro

Maniu I. Tehnici de analiza a datelor: statistica. Editura ULB Sibiu, ISBN 978-606-
12-0891-3, pg. 205, 2014

17



Immunological serum markers and obesity, correlations with infant nutrition - Summary

27. Dobrota L, Neamtu ML. Is obesity due to precocious antibiotic therapy an iceberg
phenomenon? Journal of Pediatric Gastroenterology & Nutrition 2016;
10.1097/01.mpg.0000484500.48517.e7

28. Neamtu ML, Dobrotd L, Neamtu B. Terapii nutritionale in boli metabolice.

Recomandari nutritionale in practica pediatrica. Editura Universitatii Carol Davila

Bucuresti, 2013

18



