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AbstrAct

the Incidence of childhood obesity and metabolic syndrome is increasing even in rural and semi-urban 
regions of India. Adipose tissue mass secretes several inflammatory proteins, which could potentially alter 
the metabolic processes, leading to several complications at the later stages of life. With limited studies on 
protein bound sialic acid (PBSA) as a marker of oxidative stress mediated inflammation in obese children, 
this study was aimed to assess and correlate PBSA with lipid peroxidation and other cardiometabolic risk 
factors like Insulin Resistance (IR), serum magnesium, and high sensitive C reactive Protein (hsCRP) lev-
els in order to provide an insight into the degree of systemic inflammation and oxidative stress. This study 
included 62 obese children (≥95% percentile of the CDC chart) and 60 non obese controls. this study docu-
ments significant higher levels of PBSA, IR, Malondialdehyde (MDA), hsCRP and uric acid in obese children 
(p<0.001). PBSA was associated with IR, hsCRP, uric acid, hypomagnesaemia. Higher degrees of oxidative 
stress, Insulin resistance and low serum magnesium levels were noted in obese children. PBSA and hsCRP 
levels were elevated and were associated with Insulin resistance in obese children of South Indian popula-
tion. (Int J Biomed Sci 2014; 10 (2): 118-123)
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INTRODUCTION
 

Childhood obesity in recent years has become a seri-
ous public health problem worldwide (1). Several studies 
have documented the increasing incidence of childhood 
obesity even among rural and semi-urban populations 
(2). Sedentary lifestyle habits, preference for indoor 
games, academic stress of modern day schools and west-
ernization of diet are some of the factors which have led 
to the increased burden of obesity in children of school 
going age (3). Screening and providing health education 
for children is essential to prevent the future complica-
tions such as metabolic syndrome, Type 2 Diabetes Mel-
litus (T2DM) and cardiovascular diseases in the later 
ages (4). These complications of obesity are attributed to 
the various inflammatory sialoproteins which are secret-
ed from the adipocytes mass (5). Although Body Mass 
Index (BMI), Waist Circumference (WC) and Waist-Hip 
Ratio (WHR) are frequently being used as the anthropo-
metric indices of overweight and obesity in adults, there 
are only few studies on Indian populations, as related to 
the efficacy of such anthropometric measures in children 
(6-8). Central adiposity, as represented by increased WC 
is more active and hence dangerous when compared to 
peripheral obesity (9).  

Obesity, especially abdominal (central) is associ-
ated with oxidative stress (10). Oxidative stress in asso-
ciation with systemic inflammation affects both insulin 
secretion and its action, thus resulting in poor glycemic 
control (11, 12). In addition, there exist an influence of 
various inflammatory sialoproteins secreted from the 
adipocyte mass on Insulin Resistance (IR), serum lipids 
& glycemic control (13-15). 

The biomolecules in vivo including the plasma pro-
teins undergo several modifications upon exposure to 
Stress. Commonly observed among such modifications 
is glycosylation. Proteins undergo glycosylation with the 
terminal sialic acid residues under stress (16). It is in-
teresting to note that several such inflammatory proteins 
produced in obesity are glycoproteins (16). High sensi-
tive C-reactive protein (hsCRP) is an acute phase pro-
tein elevated in various inflammatory conditions (17-19). 
However, significance of hsCRP and other sialoproteins 
and their association with the metabolic risk factors in 
Indian children is yet to be established unambiguously. 
Estimation of Protein Bound Sialic Acid [PBSA] and 
hsCRP could thus provide an idea regarding the degree 
of systemic inflammation and oxidative stress in obese 
children. Studies evaluating the efficacy of these markers 

as the diagnostic and prognostic indicators in childhood 
obesity are sparse. 

Magnesium is a vital divalent metal ion and a cofac-
tor for several enzymes involved in the metabolism of 
carbohydrates and also assists the action of insulin (20). 
Studies have shown the association of hypomagnesaemia 
with oxidative stress (21) but, still we do not have sup-
portive evidences to apprise us of the fact whether it is the 
cause or the effect. Uric acid levels in serum are known 
to be higher in patients with obesity and metabolic syn-
drome (22). This study was planned in the light of above 
mentioned scientific information and also considering 
the lack of objective studies from South India related to 
childhood obesity. It is also to be noted that there is a ris-
ing burden of childhood obesity, a pronounced morbidity 
in Indian population (1, 2). 

METHODOLOGY
 

In this cross-sectional study, we included sixty two 
obese children who were ≥95% percentile of the CDC 
(Centre for Disease Control and Prevention, 2000) chart 
(23) and sixty age and gender matched controls who had 
met our selection criteria, following the written informed 
consent from their parent/guardian. An assent was also 
taken from the children willing to participate in this study. 
The ethical clearance for conducting this study was ob-
tained from Institutional Human Ethical Committee, 
MGMC & RI. Children with Diabetes Mellitus (Type1 or 
Type 2), autoimmune disorders, nephrotic syndrome and 
any other endocrinal disorders were excluded from this 
study. Children with any signs of acute/chronic infections 
or inflammation were not recruited. Blood pressure and 
the anthropometric measures were recorded. With three 
ml of venous blood samples, the biochemical parameters 
were analyzed. Fasting Plasma Glucose (FPG), fasting 
plasma insulin, HbA1c, urea, creatinine, magnesium and 
serum lipids were estimated by International Federation 
of Clinical Chemistry and laboratory Medicine approved 
methods. PBSA was estimated by Aminoff’s method (24). 
Homeostasis Model Assessment for Insulin Resistance 
[HOMA-IR] was calculated by using the formula HOMA-
IR= [FPG X FPI /405]. MDA was estimated by using 
OxiSelect™ TBARS Assay Kit. Data were expressed as 
mean ± SD; unpaired student t-test was used to compare 
the data. A p value <0.05 was considered as the level of 
significance for all statistical purposes. SPSS version: 19 
for Windows was used for all statistical analyses (SPSS 
Inc., Chicago, USA). Internal quality control was effected 
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through the control samples (sera) provided by M/S Biorad 
USA. EQAS was provided by the Christian Medical Col-
lege (CMC), Vellore, India.

OBSERVATIONS AND RESULTS

All the observations were recorded and expressed as 
means ± SD. Age, gender, anthropometric measures of the 
obese and non-obese children were tabulated and com-
pared using unpaired Student’s ‘t’ test (Table 1). The age 
and gender distribution was uniform among the study par-
ticipants of both the groups. All the anthropometric mea-
sures viz., BMI, WC, and WHR were significantly high in 
obese children. The differences between average systolic 
and diastolic blood pressures were not significant between 
the groups.

The serum lipids were not significantly different in 
cases when compared to the control group with the excep-
tion of triacylglycerols (Table 1). 

The comparison of inflammatory, oxidative stress, IR, 
glycemic control and renal function parameters are de-
picted in Table 2. We observed significantly high plasma 
insulin, PBSA, MDA, uric acid and hsCRP levels in obese 
children compared to the non-obese children. Hypomag-

nesaemia was seen in obese children (Table 2). The mean 
FPG and HbA1c, urea, creatinine and total protein concen-
trations were not significantly different between the two 
groups. 

The association of HbA1c with the anthropometric mea-
sures was evaluated. Pearson’s correlation analysis for the 
parametric data was used to find out the association be-
tween HbA1c and anthropometric measurements. The dif-
ference of association ie., p and r values between cases and 
controls were also evaluated by using student’s ‘t’ tests. 
WC, WHR, BMI were significantly associated with HbA1c. 
This association was significantly high in cases compared 
to controls for WC (p<0.005). Table 3 shows the associa-
tion of IR with PBSA, hsCRP, HbA1c, magnesium and uric 
acid levels. The association was statistically significant 
among IR and other cardiometabolic risk factors in obese 
children. 

DISCUSSION

In this study, the various anthropometric, physiologi-
cal and the biochemical variables were evaluated in obese 
children and compared with controls. The age and the gen-
der distribution of study participants were uniform. BMI, 

table 1. Comparison of physiological, anthropometric parameters and serum lipid levels between obese and non-obese children

Parameters controls (n=60) cases (n=62) ‘p’ Value

Age (years) 9.81 ± 1.5 9.34 ± 1.6 0.09

Gender (M/F) M=36%, F=64% M=38%, F=62%

Weight (Kg) 42.6 ± 7.33 57.74 ± 6.84 <0.001a

Height (cm) 145.2 ± 7.3 144.2 ± 7.9 0.17

BMI (Kg/m2) 15.55 ± 2.55 20.89 ± 2.41 <0.001a

WC (cms) 51.75 ± 2.81 58.24 ± 2.7 <0.001a

WHR (cm) 29.25 ± 2.79 32.84 ± 2.90 0.002a

SBP (mmHg) 118.31 ± 3.16 117.11 ± 1.21 0.91

DBP (mmHg) 80.50 ± 2.31 79.31 ± 3.10 0.86

TC (mg/dl) 155.01 ± 30.58 159.93 ± 32.07 0.42

TAGs (mg/dl) 102 ± 57.53 117.09 ± 65.55 0.01a

LDL-C (mg/dl) 84.94 ± 21.06 86.35 ± 27.74 0.90

HDL-C (mg/dl) 47.34 ± 10.16 46.06 ± 12.14 0.55

VLDL (mg/dl) 25.74 ± 27.06 27.19 ± 16.33 0.73
aIndicates the p value is statistically significant. WC, Waist Circumference; WHR, Waist Hip Ratio; BMI, Body Mass Index; SBP, Systolic 
Blood Pressure; DBP, Diastolic Blood Pressure; TC, Total Cholesterol; TAGs, Tri Acyl Glycerols; LDL-C, Low Density Lipoprotein – 
Cholesterol; HDL-C, High Density Lipoprotein-Cholesterol; VLDL, Very Low Density Lipoproteins.
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WHR and WC were significantly higher in obese children, 
irrespective of gender (Table 1). The structure and func-
tions of biomolecules get altered upon exposure to free 
radicals. MDA, a marker of free radical induced damage to 
lipids and is elevated in several conditions with oxidative 
stress (25). In this study, MDA levels were significantly 
higher in obese children indicating higher degree of oxida-
tive stress in them (Table 2). Obesity & T2DM are associ-
ated with oxidative stress due to flux of excess glucose into 

the polyol pathway which is the root cause of IR leading to 
the micro and macrovascular complications (12).

Although it is not proven as yet whether it is the cause 
or the effect, hypomagnesaemia is also known to be as-
sociated with higher degree of oxidative stress (26). Stud-
ies on different population have also documented high 
levels of serum MDA (27, 28), and low levels of serum 
magnesium in obese children (29). Lack of nutritious diet, 
westernization of dietary habits, osmotic diuresis in obe-

table 2. Comparison of Biochemical parameters between obese and non-obese children

Parameters controls (n=60) cases (n=62) ‘p’ Value

FPG (mg/dl) 88.67 ± 7.39 90.11 ± 13.81 0.24

HbA1c (%) 5.58 ± 0.53 5.71 ± 0.33 0.49

FPI (µU/ml) 6.59 ± 0.74 8.30 ± 0.62 0.002a

HOMA-IR 1.44 ± 0.78 1.84 ± 0.92 0.003a

Serum Magnesium (mg/dl) 3.31 ± 0.49 2.03 ± 0.33 <0.001a

PBSA (µgm/mg of proteins) 2.45 ± 0.36 3.79 ± 0.78 <0.001a

Serum MDA (µmol/l) 6.30 ± 1.13 8.81 ±  1.02 <0.001a

Serum hsCRP (mg/l) 0.46 ± 0.27 0.87 ± 0.47 0.001a

Serum Urea (mg/dl) 24.32 ± 1.53 24.55 ± 1 0.45

Serum Creatinine (mg/dl) 0.94 ± 0.08 1.01 ± 0.22 0.08

Serum Uric acid (mg/dl) 5.16 ± 1.46 6.11 ± 0.73 0.002a

Serum Total protein (gm/dl) 6.28 ± 0.42 6.33 ± 0.41 0.23
aIndicates that the values are statistically significant. FPG, Fasting Plasma Glucose; FPI, Fasting Plasma Insulin; 
HOMA-IR,  homeostasis model assessment for Insulin Resistance [FPG X FPI /405]; PBSA, Protein Bound 
Sialic Acid; MDA , Malondialdehyde; hsCRP, high sensitive C-Reactive Protein.

table 3. Association of Insulin Resistance with hsCRP, PBSA, magnesium, 
HbA1c and uric acid levels between obese and non-obese children

 Parameters
cases (n=62) controls (n=60)

‘p’ Value
r value p value r value p value

IR v/s PBSA (µgm/mg of proteins) 0.424 0.003a 0.077 0.558 0.042a

IR v/s hsCRP (mg/L) 0.716 0.00a 0.133 0.31 0.002a

IR v/s HbA1c (%) 0.219 0.093 0.036 0.803 0.192

IR v/s magnesium (mg/dl) 0.588 0.000a 0.012 0.927 0.001a

IR v/s Uric acid (mg/dl) 0.367 0.004a 0.017 0.906 0.043a

aIndicates a p value of <0.05, which is statistically significant. IR, Insulin Resistance; PBSA, Protein Bound Sialic Acid; hsCRP, high 
sensitive C Reactive Protein.
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sity and T2DM and also the lack of physical activity in 
modern day children are certain factors that contribute to 
hypomagnesaemia.

The fat deposited in the central part of the body as in-
dicated by increased WC (central obesity), is more active 
and dangerous in comparison to the fat distributed in the 
peripheral parts (9). There are several studies in adults 
documenting higher levels of adipokines and other inflam-
matory proteins in obesity (5). hsCRP, although not spe-
cific to any inflammatory condition as such, is a sensitive 
and reliable marker of systemic inflammation, in general 
(17-19). Moreover, many inflammatory proteins are glyco-
proteins with sialic acid as terminal carbohydrate moiety. 
Hence, estimation of PBSA levels is an objective and reli-
able measure to assess systemic inflammation as well as 
oxidative stress. In the current study, significantly high 
levels of PBSA and hsCRP in obese children were seen 
(Table 2). Uric acid, a known marker of metabolic syn-
drome was noted to be higher in obese children in com-
parison to the non-obese children (Table 2). 

Pearson’s correlation was drawn to find out the asso-
ciation among the various physiological, biochemical and 
anthropometric parameters in children with obesity. We 
observed a significant positive correlation between IR and 
hsCRP. IR was also significantly associated with uric acid 
hypomagnesaemia and PBSA levels. WC, irrespective of 
the gender in children proved to be a better and sensitive 
anthropometric screening tool in preference to WHR and 
BMI. We did not find any significant difference in serum 
lipids, systolic or diastolic blood pressure. 

This study unmasks the ice-berg phenomenon with 
obesity at its tip. Higher degrees of systemic inflamma-
tion and oxidative stress are the potential cardiometa-
bolic risk factors which need to be necessarily addressed. 
Obese children possess higher risk of developing T2DM, 
hypertension and other metabolic diseases in the later ages 
of their lives. This calls for the importance of screening 
obese children and intervening at the primordial phase. 
The interventional methods include health education, sup-
plementation of micronutrients especially magnesium and 
physical exercise. The intensity of systemic inflammation 
& oxidative stress in obese children is similar to that of 
adults. Intervention in these children should be initiated 
at the earliest. This needs an aggressive inter-disciplinary 
approach including counseling (28). This study should ad-
equately forewarn the health professionals and policymak-
ers to consider childhood obesity as an important issue 
that needs to be addressed especially at a juncture where 
there is a growing increase in the incidence of T2DM. 

Moreover, this initiative also would benefit their parents/
guardians. 

CONCLUSION

Higher levels of MDA, Insulin resistance and hypo-
magnesaemia were documented in obese children of South 
Indian population. Insulin resistance in obese children was 
associated with high levels of inflammatory sialoproteins.

CONfLICTS Of INTEREST

The authors declare that no conflicting interests exist.

REfERENCES

1. Lobstein T, Baur L, Uauy R. Obesity in children and young people: a 
crisis in Public health. Obes. Rev. 2004; 5: 4–104.

2. de Onis M, Blossner M. Prevalence and trends of overweight among 
Preschool children in developing countries. Am. J. Clin. Nutr. 2000; 
72: 1032–1039.

3. Angelopoulos PD, Milionis HJ, Moschonis G. Relations between obe-
sity and hypertension: preliminary data from a cross-sectional study 
in primary school children: the children study. Eur. J. Clin. Nutr. 2006; 
60: 1226–1234. 

4. Dong M, Giles WH, Felitti VJ. Insights into causal pathways for isch-
emic heart disease: adverse childhood experiences study. Circulation. 
2004; 110 (13): 1761-1766.

5. Berg AH, Combs TP, Du X. The adipocytes-secreted protein Acrp30 
enhances hepatic insulin action. Nat. Med. 2001; 7: 947–953.

6. Williamson DF, Thompson TJ, Anda RF, Dietz WH, et al. Body weight 
and obesity in adults and self-reported abuse in childhood. Int. J. Obes. 
Relat. Metab. Disord. 2002; 26: 1075–1082.

7. Liuzzi A, Savia G, Tagliaferri M. Serum leptin concentration in mod-
erate and severe obesity:relationship with clinical, anthropometric and 
metabolic Factors. Intern. J. Obes. 1999; 23: 1066–1073.

8. Liuzzi A, Savia G, Tagliaferri M. Serum leptin concentration in mod-
erate and severe obesity: relationship with clinical, anthropometric 
and metabolic fact. Intern. J. Obes. 1999; 23: 1066–1073.

9. Kelishadi R. Childhood overweight, obesity and the metabolic syn-
drome in developing countries. Epidemiol. Rev. 2009; 29: 62-76.

10. Charradi K, Elkahoui S, Limam F, Aouani E. High-fat diet induced an 
oxidative stress in white adipose tissue and disturbed plasma transition 
metals in rat: prevention by grape seed and skin extract. J. Physiol. Sci. 
2013; 63: 445-455.

11. Vehkala L, Ukkola O, Kesäniemi YA, Kähönen M, et al. Plasma IgA 
antibody levels to malondialdehyde acetaldehyde-adducts are associ-
ated with inflammatory mediators, obesity and type 2 diabetes. Ann. 
Med. 2013. [Epub ahead of print].

12. Gabir MM, Hanson RL, Dabelea D, Imperatore G, et al. Plasma glu-
cose and prediction of microvascular disease and mortality:evaluation 
of 1997 American Diabetes Association and 1999 World Health Orga-
nization criteria for diagnosis of diabetes. Diabetes Care. 2000; 23: 
1113-1118.

13. Morrison JA, Ford ES, Steinberger J. the pediatric metabolic syn-
drome. Minerva Med.2008;99: 269–287.14. Arsaln N, Erdur B, Aydin 
A. Hormones and Cytokines in Childhood Obesity. Indian Pediatrics. 
2010; 47: 829–839.



Inflammatory SIaloproteInS and oxIdatIve StreSS In obeSe chIldren

www.ijbs.org    Int  J  Biomed  Sci    vol. 10  no. 2    June  2014 123

14. Trayhurn P, Beattie JH. Physiological role of adipose tissue: white adi-
pose tissue as an endocrine and secretory organ. Proc. Nutr. Soc. 2001; 
60: 329-339. 

15. Goswami K, Nandeesha H, Koner BC, Nandakumar DN. A compara-
tive study of serum protein-bound sialic acid in benign and malignant 
prostatic growth:possible role of oxidative stress in sialic acid homeo-
stasis. Prostate CancerProstatic Dis. 2007; 10: 356-359.

16. Streja D, Cressey P, Rabkin SW. Associations between inflammatory 
markers, traditional risk factors, and complications in patients with 
type 2 diabetes mellitus. J. Diabetes Complications. 2003; 17: 120-127.

17. Lowe G, Woodward M, Hillis G, Rumley A, et al. Circulating Inflam-
matory Markers and The Risk of Vascular Complications and Mor-
tality in People With Type 2 Diabetes Mellitus and Cardiovascular 
Disease or Risk Factors: The Advance Study. Diabetes. 2013: [Epub 
ahead of print].

18. Brasil AR, Norton RC, Rossetti MB, Leão E, et al. C-reactive protein 
as an indicator of low intensity inflammation in children and adoles-
cents with and without obesity. J. Pediatr (Rio J) 2007; 83: 477–480.

19. Paolisso G, Scheen A, D’Onofrio F, Lefebvre P. Magnesium and glu-
cose homeostasis. Diabetologia. 1990; p511–514.

20. Rosolova H, Mayer O Jr., Reaven GM. Insulin-mediated glucose dis-
posal is decreased in normal subjects with relatively low plasma mag-
nesium Concentrations. Metabolism. 2000; p418–420.

21. Sui X, Church TS, Meriwether RA. Uric acid and the development 
of Metabolic syndrome in women and men. Metabolism. 2008; 57: 
845–852. 

22. Meyers A, Joyce K, Coleman SM, Cook JT, et al. Health of children 
classified as underweight by CDC reference but normal by WHO stan-
dard. Pediatrics. 2013; 131: e1780-1787.

23. Aminoff D. Methods for the quantitative estimation of N-acetylneur-
aminic acid and their application to hydrolysates of sialomucoids. Bio-
chem J. 1961; 81: 384–392.

24. Sohn SH, Kim SK, Kim YO, Kim HD, et al. A Comparison of anti-
oxidant activity of Korean White and Red Ginsengs on H2O2-induced 
oxidative stress in HepG2 hepatoma cells. J. Ginseng. Res. 2013; 37: 
442-450.

25. Van Laecke S, Nagler EV, Verbeke F, Van Biesen W, et al. Hypomag-
nesemia and the risk of death and GFR decline in chronic kidney dis-
ease. Am. J. Med. 2013; 126: 825-831.

26. Yilmaz FM, Yilmaz G, Savas Erdeve S, Dallar Y, et al. Serum sialic 
acid, hs-CRP and oxidative stress parameters in obese children. J. 
Pediatr. Endocrinol. Metab. 2007; 20: 205-210.

27. Codoñer-Franch P, Boix-García L, Simó-Jordá R, Del Castillo-Villaes-
cusa C, et al. Is obesity associated with oxidative stress in children? 
Int. J. Pediatr. Obes. 2010; 5: 56-63.

28. Celik N, Andiran N, Yilmaz AE. The relationship between serum mag-
nesium levels with childhood obesity and insulin resistance: a review 
of the literature. J. Pediatr. Endocrinol. Metab. 2011; 24: 675-678.

29. Goswami K, Nandeesha H, Koner BC, Nandakumar DN. A compara-
tive study of serum protein-bound sialic acid in benign and malignant 
prostatic growth: possible role of oxidative stress in sialic acid homeo-
stasis. Prostate Cancer Prostatic Dis. 2007; 10: 356-359.


