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Abstract
Background: Childhood obesity is associated with cardiovascular risk factors including dyslipidemia, insulin resistance,
hypertension, and atherosclerosis. Some studies have also shown that mortality in obese people is higher than in other
non-obese people. Due to the prevalence of obesity and the need to investigate the causes of atherosclerosis, insulin
resistance and other related disorders, we tried to assess the serum levels of osteoprotein, insulin, triglycerides and
cholesterol in obese and non-obese children.
Methods: In this case-control study, we randomly selected 76 students aged 12-18 years in Birjand schools in 2019 and
stratified them into obese and overweight groups as the case arm and non-obese groups as the control arm. We used a
“Secca” height-weight scale with an accuracy of 50 grams and 0.1 cm to measure the children’s height and weight. The
children’s venous blood samples were collected and the sera were isolated. The following kits were licensed in Germany and
made in China: The Roche kit for cholesterol, triglyceride, and glucose, the Diametra kit for insulin, and the Eastbiopharm
kit for osteoprotegerin. For analyses of data, independent t-test, Mann-Whitney and Chi-square test were used. The
significance level for all the test was less than 5%.
Results: Both case and control groups were similar in terms of age and sex (P>0.05). The mean serum levels of
triglycerides, cholesterol, insulin, and glucose in the case group were significantly higher than in the control group (P<0.05).
The mean osteoprotegerin level was significantly lower in the case group than in the control group (P<0.05).
Conclusion: Obese children have a higher risk of developing atherosclerosis, insulin resistance, and other metabolic
disorders.
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1. Introduction
With the change in living conditions in recent
decades, the incidence of obesity is increasing alarmingly
in most human societies and children and adolescents
are no exception to this phenomenon (1). In 2013, 42
million infants and young children worldwide were
overweight and obese, and if we continue this trend by
2025, we will have 70 million overweight and obese
children. Childhood obesity is associated with
cardiovascular risk factors including dyslipidemia,
insulin resistance, hypertension, and evidence of
atherosclerosis (2). Over the past 30-40 years, obesity has

become a serious problem in childhood and adolescence.
Metabolic syndrome in Iranian obese children has been
reported in 31.9% and 34.22% in studies (3).
Obesity is the excessive accumulation of fat in the
body, which is associated with various complications (4).
It is related to type 2 diabetes, dyslipidemia, hypertension,
cardiovascular disease, and cognitive disorders (5, 6).
Obesity is the result of an improper unhealthy lifestyle as
well as poor eating habits (7). Several studies showed that
childhood obesity is a major public health issue associated
with many complications in children (8). Obesity in
association with insulin resistance leads to the
transformation of vascular smooth muscle cells into
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osteoblast-like cells (9). Finally, hydroxyapatite is
produced and causes vascular calcification (10), resulting
in atherosclerosis, coronary artery disease, and an
increased risk of cardiovascular disease (8).
Obesity-induced dyslipidemia is associated with
elevated levels of triglycerides (TG) and free fatty acids,
decreased and impaired levels of HDL, and increased
LDL and total cholesterol (Chol) (11, 12). Lipid
peroxidation initiates the oxidation of other compounds
such as protein and apolipoprotein, which leads to the
production of free radicals. Macrophages and smooth
muscle cells remove oxidized LDL to form atherosclerotic
plaques (13). On the other hand, serum levels of lipids
and lipoproteins in childhood are predictors of these
factors in adulthood (14).
Osteoprotegerin (OPG), a glycoprotein, is a Tumor
Necrosis Factor-alpha (TNF-α) receptor that inhibits
osteoclast cells via binding to the Receptor Activator of
Nuclear factor Kappa-в Ligand (RANKL) receptor (15,
16). The OPG/RANKL system plays an essential role in
angiogenesis, pathological inflammation (17), and cell
survival and promotes calcification (18). Different types
of tissues produce OPG, including the cardiovascular,
lungs, kidneys, intestines, and bones. (19). Increased
levels of OPG indicate the onset of different diseases,
such as coronary heart disease (20). The results of several
studies are contradictory, representing the unclear role of
this factor in the association with childhood and
adolescence obesity and related diseases (8).
Atherosclerosis is a chronic inflammatory process
caused by the deposition of peptides and fatty streaks in
the intima of arteries, leading to atherosclerotic plaque
formation (21). It is one of the main risk factors of
ischemic stroke. The manifestations of atherosclerosis
occur in childhood and adolescence, especially in people
with risk factors such as dyslipidemia, hypertension,
obesity, and diabetes (22-25). Atherosclerosis is thought
to begin in childhood and grow silently for decades
before events occur (26).
Given the above and due to high prevalence of obesity,
atherosclerosis, and the need to investigate the main
factors involved in the development of atherosclerosis,
insulin resistance, dyslipidemia, and diabetes, we aimed
to evaluate and compare the serum blood levels of
osteoprotegerin, insulin, triglycerides, and cholesterol in
obese and non-obese children.
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2. Methods
In this case-control study, the population were
students aged 12-18 years from Birjand City schools in
2019. The obese and overweight groups (with a Body
Mass Index (BMI) above the 85th percentile) stratified as
the case group and the non-obese children (with a BMI
below the 85th percentile) as the control group. We
excluded the children who had a chronic illness or did
not agree to participate, and we randomly selected a total
of 38 students from the classes for each group. Both two
groups were similar in terms of age and sex. We held a
briefing at the schools for parents of eligible children,
and after obtaining the consent to participate in this
study, we gave them a referral form to the lab. While
referring to the lab, children›s height and weight were
measured with a «Secca» electronic height-weight scale
with an accuracy of 50 grams for the weight (without
shoes with minimal clothing) and 0.1 cm for the height
(standing without shoes). We obtain their BMI by
dividing weight by height squared in meter (kg/m2).
Children with a BMI above the 85th percentile stratified
as the case group and children with a BMI below the 85th
percentile as the control group.
6 CCs of blood were drawn from the vein of each
participant and collected in non-containing anticoagulant
tubes. Blood samples were centrifuged at 3000 rpm for 20
minutes. Parameters such as serum insulin, blood sugar,
lipid profile, and osteoprotegerin were measured.
“Euroimmun Analyzer I-2P” was used to measure the
serum levels of cholesterol, triglyceride, and glucose
using Roche kit, insulin with Diametra kit, and
osteoprotegerin with Eastbiopharm kit made in China.
We entered the collected data into SPSS version 22.
Descriptive data were reported using central statistical
indices and dispersion. Kolmogorov-Smirnov test was
also used to evaluate the normality of the data. If the data
distribution was normal, the independent t-test was used,
and if the non-parametric Mann-Whitney test was
abnormal, the Chi-square test was used to compare the
qualitative variables at a significance level less than 5%.
3. Results
There were 38 students in the normal-weighted group
and 38 students in the overweight and obese group. The
mean age and sex frequency distribution in the two
Int. J. School. Health. 2021; 8(3)
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Table 1: Comparison of Body Mass Index, serum levels of Triglycerides, Cholesterol, Insulin, and Glucose in case and control groups
Groups parameters
Control
Case
Independent t-test
Mean ± SD
Mean ± SD
18.91 ± 3.4
28.4 ± 3.6
P<0.001
BMI(Kg/m2)
82.6 ± 31.3
126.4 ± 4.03
P<0.001
TG (mg/dl)
145.3
±23.2
162.9
±
32.5
P= 0.002
Chol (mg/dl)
8.9 ± 4.2
24.9 ± 10.8
P<0.001
Insulin (Iu/dl)
87.3 ± 7.9
94.9 ± 10.7
P= 0.002
Glucose (mg/dl)
Table 2: Comparison of osteoprotegerin in case and control groups
Groups parameters
Control
Case

Mean ± SD

(q1-q3) Median

3.19 ± 2.1

(2.29 – 3.48) 2.82

2.5 ± 2.5

(1.03- 2.86) 2.08

groups were not statistically significant (P>0.05).
Otherwise, both two groups were similar in terms of age
and sex.
The results of this study (shown in Table 1) show that
the mean serum levels of triglyceride, cholesterol, insulin,
and glucose parameters in the case group are significantly
higher than the control group (P<0.05).
Based on the data shown in the table 2, the mean
serum level of osteoprotegerin in the case group was
significantly lower than the control group (P=0.005).
Table 3 shows no statistically significant difference
between the frequency distribution of abnormal glucose
levels in the normal-weighted and the obese groups
(P=0.24). There was a significant difference between the
frequency distribution of abnormal cholesterol (P<0.001),
triglyceride (P=0.014), and insulin (P<0.001) in the case
and control groups.
It was estimated that the probability of abnormal
cholesterol levels in the case group was 3.76 times greater
than the case group, the probability of abnormal TG

Mann Whitney
P=0.005

levels in the case group was 9.45 times greater than the
control group, and the probability of abnormal insulin
levels in the case group was 148.7 times greater than the
control group.
4. Discussion
The mean serum levels of triglycerides, cholesterol,
insulin and glucose in the case group were significantly
higher than the control group, which is associated with
increased production of free radicals and leads to
inflammation and atherosclerotic plaque formation. The
mean of osteoprotein was significantly lower in the case
group than the control group.
Some studies showed decreased OPG levels in obese
people compared to non-obese people, while some
studies found no association between osteoprotegerin
and obesity (27). In a study of the general population,
OPG, a risk factor in the progression of atherosclerosis,
was associated with the severity of coronary

Table 3: Comparison of the frequency distribution of serum Glucose, Cholesterol, Triglycerides, and Insulin levels in case and control groups
Groups Parameters
Control Frequency
Case Frequency
Chi-square
OR (CI,95%)
(percentage)
(percentage)
Glucose (mg/dl)
Triglycerides (mg/dl)
Cholesterol (mg/dl)
Insulin (Iu/dl)
*Fisher’s exact test

Normal
Abnormal
Normal
Abnormal
Normal
Abnormal
Normal
Abnormal
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37 (100)

37 (97.4)

0 (0)

1 (2.6)

31 (83.8)

22 (57.9)

6 (16.2)

16 (42.1)

24 (64.9)

6 (15.8)

13 (35.1)

32 (84.2)

35 (94.6)

4 (1.05)

2 (5.4)

34 (89.5)

P*= 0.24

1
3.76 (1.11-3.1)

P=0.014
P<0.001
P<0.001

9.45 (3.3-29.7)
148.7(25.2-866)
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atherosclerosis (28-31). This paradoxical increase in
OPG level was interpreted as a protective regulatory
response to atherosclerosis. Despite the above findings,
the association of OPG with obesity, lipid profile, and
insulin sensitivity is controversial.
In this study, the mean serum levels of TG, Chol,
insulin, and glucose in the obese group were significantly
higher than in the non-obese group. Oh and colleagues
(32), Çelik and co-workers (33), and Jose and colleagues
(34) showed that the mean serum levels of glucose and
insulin in obese people were significantly higher than the
normal-weighted group, which was consistent with our
study. In a study by Gannagé-Yared and co-workers
(35), Serum cholesterol, triglyceride, and HDL levels
were not significantly different between obese and nonobese groups, which was not consistent with our study.
Abnormal fasting blood sugar and insulin levels are
associated with metabolic syndrome and insulin
resistance. The mean level of osteoprotegerin in the
obese group was significantly lower than the non-obese
group.
Suliburska and colleagues (36) found that serum
OPG level in the obese group was significantly lower
than in the non-obese group. In a study by Gannagé‐
Yared and colleagues (37), there was a positive correlation
between OPG and (Homeostatic Model Assessment for
Insulin Resistance) HOMA-IR. The study demonstrated
that OPG has beneficial effects on vascular tissue because
obesity is associated with endothelial dysfunction and
insulin resistance. In a study by Erol and colleagues (38),
the mean OPG serum level in obese children was
significantly lower than in the non-obese group,
consistent with our study. The diagnostic OPG level for
obesity was less than 46.19 pg/mL. Irene Lambrinoudaki
and colleagues (27) showed that patients with long-term
diabetes had higher carotid Intima-Media Thickness
(cIMT) markers and higher triglyceride levels than other
patients. BMI was the only factor associated with cIMT.
BMI was associated with OPG in both groups, while
sRANKL level was not associated with any factor. As a
result, BMI was the strongest predictor independent
from cIMT in the general population, especially in
diabetics, indicating a possible correlation between
diabetes and obesity in association with atherosclerosis.
Body mass index is generally associated with circulatory
OPG, but the source of this association is still unknown.
The studies by Gannagé-Yared and co-workers (35) and
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Kotanidou and co-workers (8) found that OPG levels
were not significantly different between the obese and
non-obese groups, which was not consistent with our
study. It was also suggested that OPG had a significant
relationship with the HOMA-IR index and mean SGPT
level in obese people. OPG was associated with BMI in
obese people. However, novel relationships were
described between OPG and both HOMA and CRP
indices.
A study by Ugur-Altun and co-workers (39) found
that obese people with lower insulin resistance had lower
OPG levels than other non-obese groups, consistent with
our study. They also observed a significant negative
correlation between OPGc and fasting glucose, fasting
insulin, and HOMA-IR. Insulin resistance in obesity was
associated with decreased serum level of OPG.
A study by Venuraju and colleagues (40) presented
that the mean increased OPG levels were consistently
associated with the incidence and prevalence of coronary
artery disease, consistent with our study. Some duality in
the role of OPG, RANKL, and ligand-induced apoptosis
is associated with infertility in atherosclerosis and plaque
stability.
Stanik and co-workers (41) suggested that the levels
of sclerotin, osteoprotegerin, and bone alkaline
phosphatase in the fasting state and after the Oral
Glucose Tolerant Test (OGGT) are associated with bone
growth and insulin resistance. Obesity with HOMA-IR
appears to play a crucial role in increasing osteoprotegerin.
The present study estimates that the probability of
having abnormal levels of cholesterol, TG, and insulin in
obese people, respectively, are 3.76, 9.45, and 148.7 times
higher than non-obese people. Erol and colleagues (42)
found a significant relationship between the mean serum
level of fasting insulin with obesity, which was consistent
with our study. The limitations of this study is the poor
cooperation of some parents of students. In order to
increase the level of cooperation in the study, it is
suggested that blood sampling of students be provided in
schools.
5. Conclusion
Triglyceride, cholesterol, insulin, and glucose serum
levels in the case group were significantly higher than in
the control group. Besides, the mean osteoprotegerin
level in the case group was significantly lower than in the
Int. J. School. Health. 2021; 8(3)

Association of obesity with osteoprotegerin and lipid profile

healthy group. There was no statistically significant
difference in the prevalence of abnormal glucose levels in
both case and control groups. Moreover, the prevalence
of abnormal levels of cholesterol, triglyceride, and insulin
in the case group was significantly higher than in the
control group.
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Rönnemaa T, Hartiala JJ, et al. Increased aortic
intima-media thickness: a marker of preclinical
atherosclerosis in high-risk children. Circulation.
2001;104(24):2943-7. doi: 10.1161/hc4901.1005
22. PubMed PMID: 11739310.

23. Dalla Pozza R, Bechtold S, Bonfig W, Putzker S,
Kozlik-Feldmann R, Netz H, et al. Age of onset
of type 1 diabetes in children and carotid intima
medial thickness. J Clin Endocrinol Metab.
2007;92(6):2053-7. doi: 10.1210/jc.2006-2868.
PubMed PMID: 17374703.
24. McVeigh G, Gibson W, Hamilton PK.
Cardiovascular risk in the young type 1 diabetes
population with a low 10‐year, but high lifetime
risk of cardiovascular disease. Diabetes Obes
Metab. 2013;15(3):198-203. doi: 10.1111/
dom.12013. PubMed PMID: 22998614.
25. Berenson GS. Childhood risk factors predict
adult risk associated with subclinical
cardiovascular disease: The Bogalusa Heart
Study. Am J Cardiol. 2002;90(10C):3L-7L. doi:
10.1016/S0002-9149(02)02953-3. PubMed PMID
: 12459418.
26. Strong JP, Malcom GT, McMahan CA, Tracy
RE, Newman 3rd WP, Herderick EE, et al.
Prevalence and extent of atherosclerosis in
adolescents and young adults: implications for
prevention from the Pathobiological
Determinants of Atherosclerosis in Youth Study.
JAMA. 1999;281(8):727-35. doi: 10.1001/
jama.281.8.727. PubMed PMID: 10052443.
27. Lambrinoudaki I, Tsouvalas E, Vakaki M,
Kaparos G, Stamatelopoulos K, Augoulea A, et
al. Osteoprotegerin, Soluble Receptor Activator
of Nuclear Factor- κ B Ligand, and Subclinical
Atherosclerosis in Children and Adolescents
with Type 1 Diabetes Mellitus. Int J Endocrinol.
2013;2013:102120. doi: 10.1155/2013/102120.
PubMed PMID: 24288529; PubMed Central
PMCID: PMC3833004.
28. Kiechl S, Schett G, Wenning G, Redlich K,
Oberhollenzer M, Mayr A, et al. Osteoprotegerin
is a risk factor for progressive atherosclerosis and
cardiovascular disease. Circulation. 2004;109(18):
2175-80. doi: 10.1161/01.CIR.0000 127957.43874.
BB. PubMed PMID: 15117849.
29. Schoppet M, Sattler AM, Schaefer JR, Herzum
M, Maisch B, Hofbauer LC. Increased
osteoprotegerin serum levels in men with
coronary artery disease. J Clin Endocrinol Metab.
2003;88(3):1024-8. doi: 10.1210/jc.2002-020775.
PubMed PMID: 12629080.
30. Rhee E-J, Lee W-Y, Kim S-Y, Kim B-J, Sung
Int. J. School. Health. 2021; 8(3)

Association of obesity with osteoprotegerin and lipid profile

31.

32.

33.

34.

35.

36.

K-C, Kim B-S, et al. Relationship of serum
osteoprotegerin levels with coronary artery
disease severity, left ventricular hypertrophy and
C-reactive protein. Clin Sci. 2005;108(3):237-43.
doi: 10.1042/CS20040255. PubMed PMID:
15569000.
Jono S, Ikari Y, Shioi A, Mori K, Miki T, Hara K,
et al. Serum osteoprotegerin levels are associated
with the presence and severity of coronary artery
disease. Circulation. 2002;106(10):1192-4. doi:
10.1161/01.CIR.0000031524.49139.29. PubMed
PMID: 12208791.
Oh ES, Rhee E-J, Oh KW, Lee WY, Baek KH,
Yoon KH, et al. Circulating osteoprotegerin
levels are associated with age, waist-to-hip ratio,
serum total cholesterol, and low-density
lipoprotein cholesterol levels in healthy Korean
women. Metabolism. 2005;54(1):49-54. doi:
10.1016/j.metabol.2004.08.005. PubMed PMID:
15562379.
Çelik N, Andiran N, Yilmaz AE. The relationship
between serum magnesium levels wıth childhood
obesity and insulin resistance: a review of the
literature. J Pediatr Endocrinol Metab. 2011;24(910):675-8. doi: 10.1515/JPEM.2011.255. PubMed
PMID: 22145455.
Jose B, Jain V, Vikram NK, Agarwala A, Saini S.
Serum magnesium in overweight children.
Indian Pediatr. 2012;49(2):109-12. doi: 10.1007/
s13312-012-0024-6. PubMed PMID: 21719932.
Gannagé-Yared M, Yaghi C, Habre B, Khalife S,
Noun R, Germanos-Haddad M, et al.
Osteoprotegerin in relation to body weight, lipid
parameters insulin sensitivity, adipocytokines,
and C-reactive protein in obese and non-obese
young individuals: results from both crosssectional and interventional study. Eur J
Endocrinol. 2008;158(3):353-9. doi: I:10.1530/
EJE-07-0797. PubMed PMID: 18299469
Suliburska J, Bogdanski P, Gajewska E, Kalmus
G, Sobieska M, Samborski W. The association of
insulin resistance with serum osteoprotegerin in
obese adolescents. J Physiol Biochem.
2013;69(4):847-53. doi: 10.1007%2Fs13105-0130261-8. PubMed PMID: 23695991.

Int. J. School. Health. 2021; 8(3)

37. Gannagé‐Yared MH, Fares F, Semaan M, Khalife
S, Jambart S. Circulating osteoprotegerin is
correlated with lipid profile, insulin sensitivity,
adiponectin and sex steroids in an ageing male
population. Clin Endocrinol. 2006;64(6):652-8.
doi: 10.1111/j.1365-2265.2006.02522.x. PubMed
PMID: 16712667.
38. Erol M, Gayret OB, Nacaroglu HT, Yigit O,
Zengi O, Akkurt MS, et al. Association of
osteoprotegerin with obesity, insulin resistance
and non-alcoholic fatty liver disease in children.
Iran Red Crescent Med J. 2016;18(11):e41873.
doi: 10.5812/ircmj.41873. PubMed PMID:
28203453; PubMed Central PMCID:
PMC5294423.
39. Ugur-Altun B, Altun A, Gerenli M, Tugrul A.
The relationship between insulin resistance
assessed by HOMA-IR and serum osteoprotegerin
levels in obesity. Diabetes Res Clin Pract.
2005;68(3):217-22.
doi:
10.1016/j.
diabres.2004.10.011. PubMed PMID: 15936463.
40. Venuraju SM, Yerramasu A, Corder R, Lahiri A.
Osteoprotegerin as a predictor of coronary artery
disease and cardiovascular mortality and
morbidity. J Am Coll Cardiol. 2010;55(19):204961. doi: 10.1016/j.jacc.2010.03.013. PubMed
PMID: 20447527.
41. Stanik J, Kratzsch J, Landgraf K, Vogel M, Thiery
J, Kiess W, et al. The Bone Markers Sclerostin,
Osteoprotegerin, and Bone-Specific Alkaline
Phosphatase Are Related to Insulin Resistance in
Children and Adolescents, Independent of Their
Association with Growth and Obesity. Horm Res
Paediatr. 2019;91(1):1-8. doi: 10.1159/000497113.
PubMed PMID: 30904905.
42. Erol M, Gayret OB, Nacaroglu HT, Yigit O,
Zengi O, Akkurt MS, et al. Association of
Osteoprotegerin with Obesity, Insulin Resistance
and Non-Alcoholic Fatty Liver Disease in
Children. Iran Red Crescent Med J.
2016;18(11):e41873. doi:10.5812/ircmj.41873.
PubMed PMID: 28203453; PubMed Central
PMCID: PMC5294423.

147

