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Abstract
Background Obesity and diabetes prevalence are increasing worldwide. We aimed to detect the possible association of 
osteoprotegerin (OPG) gene expression with visceral adiposity indices and cardiometabolic risk factors among obese women.
Methods and results The study enrolled 150 controls and 150 obese cases subdivided into two subgroups non-diabetic 
(n = 70) and 80 patients with type 2 diabetes mellitus (T2DM). Circulating OPG gene expression levels were figured out by 
real time PCR (Polymerase Chain Reaction). Serum OPG levels were assessed by Enzyme Linked Immunosorbent Assay. 
Our results explored that OPG serum levels were lower in the obese women compared to control group (p < 0.001) and obese 
diabetics had higher serum levels of OPG in comparison to obese non-diabetic patients (p < 0.001). Expression levels of 
OPG were higher in obese women than controls (p < 0.001). Moreover, the blood expression levels of OPG gene were higher 
in diabetic obese patients than non-diabetics. We found positive correlations between parameters of metabolic syndrome 
and obesity indices. After adjustment of the traditional risk factors, stepwise linear regression analysis test revealed that 
OPG expression levels were independently correlated with glycated hemoglobin, high-density lipoprotein-cholesterol, and 
waist-to-hip ratio.
Conclusions OPG mRNA levels were associated with surrogate markers of insulin resistance in Egyptian obese women.

Keywords Type 2 diabetes mellitus · Obesity · Metabolic syndrome · Osteoprotegerin · Real time polymerase chain 
reaction · Diabetes mellitus

Introduction

The obesity pandemic is considered a major public health 
problem, as in this disorder there is increased risk of medical 
morbidity leading to a significant rise in death rate. Obesity 
is a common and major risk factor for the metabolic syn-
drome (MetS) [1]. Obesity and Insulin resistance (IR) are 
key phenotype contributing to atherogenic and diabetogenic 
profiles [2].

The prevalence is escalating significantly in many nations 
worldwide. In Egypt, there is a remarkable increase in obe-
sity with more than one third of the entire population being 
obese. A particular issue in Egypt is that prevalence of obe-
sity is more than double among females (46%) as compared 
to males (22%) [3]. This is a growing concern as obese sub-
jects are at increased risk of developing diabetes, high blood 
pressure, dyslipidemia, in addition to coronary heart disease, 
stroke and cancers [4].

A common argument against body mass index (BMI) as 
an anthropometric measurement of obesity is that BMI is 
not discriminating between the lean and fat body mass. The 
recent obesity index: body adiposity index (BAI) is based on 
both hip circumference and height. Thus, BAI overcomes the 
limitation of BMI [5]. The visceral adiposity index (VAI) is 
based on both anthropometric; BMI and waist circumference 
(WC) in combination with triacylglycerol levels (TAG) and 
high-density lipoprotein—cholesterol (HDL-c) [6].

It is an important clinical consideration that obesity is 
a condition of low-grade inflammation [7]. Noteworthy, 
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increasing clues showed that low-grade inflammation asso-
ciated with obesity lead to the continuous activation of the 
immune system [7].

Osteoprotegerin (OPG) is a glycoprotein cytokine, which 
acts in cooperation with the receptor activator of receptor 
activator of nuclear factor κB ligand (RANKL), and tumor 
necrosis factor (TNF) -related apoptosis-inducing ligand. 
The OPG gene is approximately 29 kB of the genome on 
chromosome 8 and constitutes 5 exons [8]. Mounting evi-
dence explored that OPG is expressed in vascular smooth 
muscle cells (VSMCs), osteoblasts and endothelial cells 
(ECs) [8].

Studies suggested that circulating OPG derived from ECs 
was associated with active atherosclerosis [9]. Moreover, 
strong associations between OPG levels and ischemic heart 
disease, insulin resistance (IR), obesity, stroke as well as 
decompensated heart failure have been showed [10–12]. 
Recent studies showed that RANK/RANKL/OPG pathway 
is an important for the regulation of obesity [13, 14]. Yet, 
the pathological connection between obesity, metabolic syn-
drome and this pathway is not clear till now. So, further 
studies are needed for better clarification of the bounds of 
this association.

According to our knowledge, it is the first study explored 
the association between OPG gene expression and obesity 
as well as cardio metabolic risk factors. To address this 
need, the objective of the present work was to investigate 
the expression and serum levels of OPG in relation to new 
obesity indices   (BAI and VAI) as well as cardio-metabolic 
risk factors among Egyptian obese women.

Subjects and methods

Subjects

This study included 300 nonrelative subjects. One hun-
dred fifty obese females (BMI > 30) enlisted from Diabetes 
and Endocrinology outpatient clinic of Internal Medicine 
Department of Zagazig University Hospitals and 150 healthy 
lean controls that were matched to cases by age and gender.

Obese women were categorized into two subgroups 
according to their fasting blood glucose (FBG) based 
criteria reported by the American Diabetes Association 
[ADA] in 2015 into: non-diabetic patients (FBG < 126 mg/
dl) (n = 70) and 80 cases with T2DM (FBG ≥ 126 mg/dl). 
All individuals were submitted to careful history taking 
and complete clinical assessment including blood pres-
sure, waist circumference (WC) and hip circumference 
(HC). Anthropometric measures, including BMI (kg/ 
meters 2), waist-to-hip ratio (WHR) = waist circumference 
(cm) /hip circumference (cm), and WHtR was calculated 
as the waist (cm) /height (cm). Moreover, VAI in women 

was calculated as follows: (WC (cm)/ (36.58 + (BMI × 
1.89) × (TG/0.81) × (1.52/ HDL-c) [12]. Finally, BAI is 
approximately equal to the percentage of body fat. It is 
calculated as [5].

The metabolic syndrome (MetS) was diagnosed depend-
ing on International Diabetes Federation criteria. Patients 
diagnosed with the MetS if she has a WC (≥ 80 cm) with 
any two of the following risk factors: (a) FBG ≥ 100 mg/dl 
or previously diagnosed impaired fasting glucose (b) blood 
pressure [BP] ≥ 130/85 mmHg or taking medical treatment 
for hypertension (c) TAG ≥ 150 mg/dl (d) HDL-c < 50 mg/
dl.

Patients with cancer, stroke, or liver, kidney, thyroid, par-
athyroid, and cardiovascular or any active inflammatory dis-
eases have been excluded from this study. None of the par-
ticipants had a history of bariatric or liposuction surgery, as 
well as receiving medications for weight reduction and oste-
oporosis, for example strontium ranelate, which may affect 
OPG, levels. No concurrent minor infection was detected 
during the study or in the month preceding the study. Ethical 
committee, Faculty of Human Medicine; Zagazig University 
approved this research protocol, and enrolled participants 
assigned informed written consent.

Biochemical analysis

A trained nurse collected the blood samples after a 10–12 h 
fasting period for measurement of serum TC, HDL-c and 
TAG. The low-density lipoprotein (LDL–c) level was deter-
mined using the Friedewald formula [15]. Glucose concen-
trations were estimated using the glucose oxidase method 
(Spinreact, Spain). Fasting serum insulin concentration was 
determined by human insulin ELISA kit (Biosource, Bel-
gium). Homeostasis models were calculated Homeostasis 
model insulin resistance assessment (HOMA-IR) and ®-cell 
function (HOMA-®) were calculated.

Measurement of serum osteoprotegerin 
concentration

Serum OPG concentration was quantified using the enzyme-
linked immunosorbent assays (ELISA) (RayBiotech, USA).

RNA extraction and complementary DNA (cDNA)

Total RNA was extracted from the whole blood using 
QIAamp RNA [Qiagen; USA] according to the manufac-
turer’s protocol. The extracted RNA had been reversely tran-
scribed using QuantiTect [Qiagen; USA] according to the 
manufacturer’s guides.
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Analysis of OPG expression in blood by real time 
polymerase chain reaction (RT‑PCR)

The OPG mRNA gene expression in blood was done by RT-
PCR using  StepOne™ system (Applied Biosystems). Prim-
ers of OPG were as follows: forward primer: 5′-TGC TGT 
TCC TAC AAA GTT TACG-3′; reverse primer: 5′-CTT TGA 
GTG CTT TAG TGC GTG-3′; β-Actin forward primer: 5′-CGT 
GAC ATT AAG GAG AAG CTG TGC -3′ and reverse primer: 
5′-CTC AGG AGG AGC AAT GAT CTT GAT -3′, as a house-
keeping gene [16]. The PCR was done in a final volume 
(25 μl) holding 12.5 μl 2× QuantiFast SYBR Green PCR 
Master Mix, 1 μM of each primer and 7.5 μl cDNA with this 
protocol: 95 °C for 5 min, 40 cycles of denaturation at 95 °C 
for 10 s, annealing and extension at 56 °C for 30 s. OPG 
The expression was reported as the Delta cycle threshold (Δ 
Ct) value. The relative expression of mRNA was calculated 
utilizing the comparative CT method and OPG expression 
levels were normalized to β-actin mRNA using the Δ CT 
method. All kits were purchased from QIAGEN (Valencia, 
USA).

Statistical analysis

Descriptive statistics included means and SDs for continu-
ous variables, and numbers and percentages for categorical 
variables. Group comparisons were performed by a χ2 test 
or analysis of variance as proper. Pearson correlation coef-
ficient was used to assess the association between obesity 
indices and other studied metabolic parameters in obese 
women. Receiver operating characteristic (ROC) analysis 
was performed to assess the potential accuracy of OPG; 
the area under the curve (AUC), and the cutoff values for 
diagnosis of T2DM among obese patients. Stepwise multi-
ple linear regression analyses were used to detect the main 
predictors of OPG mRNA and serum values in the obese 
group. Logistic regression analysis was performed to assess 
the predictor's powers of expression as well as serum levels 
of OPG in the prediction of T2DM among obese patients. 
SPSS V.21.0 (SPSS, USA) was applied for all analyses. P 
Value < 0.05 was considered statistically significant.

Results

Anthropometric and biochemical data of study 
groups

They were shown in Table 1. As expected, obese patients 
had significantly higher values of systolic blood pressure 
(SBP), diastolic blood pressure (DBP), fasting blood glucose 
(FBG), HbA1c, fasting serum insulin, HOMA-IR, TC, LDL-
c, and TAG levels compared to lean controls. Moreover, all 

obesity indices and parameters (WC, BMI, WHR, WHtR, 
BAI and VAI) were significantly higher in obese women 
compared to leans. On the contrary, obese patients had sig-
nificant lower levels of HOMA-® than in healthy lean indi-
viduals (p < 0.001).

Circulating OPG levels (pmol/L) and relative OPG 
expression levels in study groups

In the present study obese women had lower OPG serum lev-
els than the controls (5.06 ± 0.87 vs 6.56 ± 0.82, p < 0.001). 
However, obese diabetics had higher serum OPG values 
when compared to obese non-diabetic patients (5.6 ± 0.51 
vs. 4.4 ± 0.73, p < 0.001) (Fig. 1A). In obese group, the 
blood expression levels of OPG were significantly higher 
than control group (2.3 ± 0.73 vs. 1.53 ± 0.32, p < 0.001). 
Additionally, in diabetic obese patients, the blood expression 
levels of OPG were significantly higher than non-diabetics 
patients (2.83 ± 0.61 vs. 1. 53 ± 0. 32) (p < 0.001) (Fig. 1B).

General characteristics of obese patients stratified 
by diabetic and non‑diabetic obese patients

We found statistically significant higher values of FBG, 
serum insulin, HbA1c, HOMA-IR, SBP, DBP, LDL-c, TC 
levels, OPG expression levels, serum OPG level as well as 
VAI, BMI, WHtR and BAI in obese T2DM patients than in 
non-diabetic obese (p < 0.001). In contrast, obese diabetic 
patients had significantly lower levels of HOMA-B than 
in obese non-diabetics, (p < 0.001). However, there were 
no statistically significant differences between obese non-
diabetic and T2DM patients as respect to other parameters 
(p > 0.05) (Table 2).

Correlations between anthropometric measures 
with parameters of MetS in obese patients

Our results showed significant positive correlations between 
parameters of MetS including WC, SVP, low HDL (High 
Density Lipoprotein) as well as TAG with all anthropomet-
ric measures in obese cases (BMI, WHR, WHtR, BAI and 
VAI). Interestingly, among obesity indices, the highest posi-
tive correlation found between VAI and parameters of MetS 
(p < 0.001) (Table 3).

Multiple stepwise linear regression analyses 
in obese patients to assess the main independent 
parameters associated with OPG expression levels

Stepwise linear regression analysis test revealed that OPG 
expression levels were independently correlated with 
HbA1c, HDL-c, and WHR (p < 0.001) (Table 4). 



7098 Molecular Biology Reports (2021) 48:7095–7104

1 3

Table 1  Anthropometric and 
biochemical characteristics of 
the studied groups

HOMA-IR homeostasis model assessments of Insulin resistance, HOMA-β an index of β-cell function, 
OPG osteoprotegerin
*p < 0.05 when compared with control group

Lean healthy control
(n = 150)

Obese patients
(n = 150)

p value

Age (years) 44.58 ± 11.4 43.64 ± 8.2 0.15
 Sex (male/female) 15/35 42/108 0.93

Body mass index (kg/m2) 21.4 ± 1.15 32.8 ± 13.95  < 0.001*
Waist circumference (cm) 91.4 ± 14.71 108.01 ± 13.8  < 0.001*
Waist/hip ratio 0.94 ± 0.013 1.05 ± 0.176  < 0.001*
Waist/height ratio 0.54 ± 0.09 0.64 ± 0.089  < 0.001*
Body adiposity index (BAI) 22.97 ± 8.7 35.86 ± 15.4  < 0.001*
Visceral adiposity index (VAI) 0.89 ± 0.14 5.92. ± 1.34  < 0.001*
Systolic blood pressure (mmHg) 116.2 ± 4.79 134.5 ± 16.2  < 0.001*
Diastolic blood pressure (mmHg) 75.3 ± 4.21 84.03 ± 9.13  < 0.001*
Total cholesterol (mg/dl) 166.1 ± 7.85 221.2 ± 75.2  < 0.001*
Triacylglycerol (mg/dl) 129.5 ± 12.3 189.9 ± 34.6  < 0.001*
LDL cholesterol (mg/dl) 91.8 ± 0.98 135.3 ± 73.9  < 0.001*
HDL cholesterol (mg/dl) 48.4 ± 4.41 46.6 ± 8.95 0.178
Fasting blood glucose (mg/dl) 86.8 ± 5.08 147.9 ± 55.9  < 0.001*
Fasting serum insulin (μU/ml) 7.4 ± 1.82 13.18 ± 6.37  < 0.001*
HbA1c (%) 5.36 ± 0.41 7.56 ± 1.76  < 0.001*
HOMA-IR 1.57 ± 0.40 5.7 ± 4.14  < 0.001*
HOMA-B 118.6 ± 37.1 85.8 ± 27.9  < 0.001*
Serum OPG (pmol/L) 6.56 ± 0.82 5.06 ± 0.87  < 0.001*
OPG mRNA expression 1.53 ± 0.32 2.3 ± 0.73  < 0.001*

Fig. 1  A Serum OPG levels (pmol/L) in studied groups; B relative OPG expression levels in studied groups. *p < 0.001 when compared to con-
trol, #p < 0.001 when compared to obese non-diabetics
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Logistic regression analysis evaluating 
the association of OPG expression and serum values 
with T2DM among obese patients

After adjusting for the traditional risk factors, the logistic 
regression analysis test was done to evaluate the predictors 

of obesity among studies subjects. Serum OPG levels were 
statistically significant predictor of obesity (p < 0.001) 
with odds ratio was 10.668, 95% CI = 3.349–33.985. 
Regarding OPG expression, the odds ratio was 7.57, 95% 
CI = 2.894–19.081 (Table  5). Among anthropometric 

Table 2  Laboratory and 
anthropometric parameters in 
non-diabetic obese and T2DM 
obese groups

HOMA-IR homeostasis model assessments of Insulin resistance, HOMA-β an index of β-cell functions, 
OPG osteoprotegerin
*p < 0.05 when compared with obese non-diabetic patient’s group

Obese non-diabetic 
patients (n = 70)

Obese diabetic patients
(n = 80)

p value

Age (years) 42.3 ± 5.8 41.5 ± 8.02 0.49
 Sex (male/female) 22/48 20/60 0.49

Body mass index (kg/m2) 33.30 ± 4.29 32.38 ± 3.6 0.103
Waist circumference (cm) 113.2 ± 15.35 103.8 ± 10.22  < 0.001*
Waist/hip ratio 1.02 ± 0.15 1.079 ± 0.19 0.050
Waist/height ratio 0.67 ± 0.09 0.6 ± 0.065  < 0.001*
Body adiposity index (BAI) 26.6 ± 4.4 43.9 ± 11.4  < 0.001*
Visceral adiposity index (VAI) 6.98 ± 1.28 8.74 ± 0.96  < 0.001*
Systolic blood pressure (mmHg) 119.1 ± 4.77 148.12 ± 8.39  < 0.001*
Diastolic blood pressure (mmHg) 77.2 ± 5.32 90 ± 7.46  < 0.001*
Total cholesterol (mg/dl) 245.9 ± 95.96 200.7 ± 41.55  < 0.001*
Triacylglycerol (mg/dl) 193.12 ± 46.7 187.9 ± 17.4 0.359
LDL cholesterol (mg/dl) 159.9 ± 93.7 114.6 ± 42.11  < 0.001*
HDL cholesterol (mg/dl) 47.4 ± 8.94 45.9 ± 9.02 0.324
Fasting blood glucose (mg/dl) 89.3 ± 12.37 199.1 ± 9.24  < 0.001*
Fasting serum insulin (μIU/ml) 7.78 ± 2.98 17.9 ± 4.46  < 0.001*
HbA1c (%) 5.77 ± 0.67 9.13 ± 0.3  < 0.001*
HOMA-IR 2.9 ± 0.45 5.9 ± 0.67  < 0.001*
HOMA-B 96.5 ± 10.03 60.4 ± 12.07  < 0.001*
Serum OPG (pmol/L) 4.4 ± 0.73 5.6 ± 0.51  < 0.001*
OPG mRNA expression 1. 53 ± 0. 32 2.83 ± 0.61  < 0.001*

Table 3  Pearson correlation coefficient between anthropometric indices and parameters of metabolic syndrome among obese patients

BAI body adiposity index, VAI visceral adiposity index

Body mass index 
(kg/m2)

Waist/hip ratio Waist/height ratio BAI VAI

Waist circumference (cm) r 0.747 0.121 0.983 0.125 0.228
P  < 0.001* 0.139  < 0.001* 0.128  < 0.001*

Systolic blood pressure (mmHg) r 0.255 0.125 0.235 0.527 0.326
P  < 0.01* 0.062 0.004  < 0.001* 0.062

Diastolic blood pressure (mmHg) r 0.140 0.122 0.103 0.139 0.471
P 0.089 0.138 0.212 0.091  < 0.001*

Triacylglycerol (mg/dl) r 0.833 0.389 0.425 0.230 0.804
P  < 0.001*  < 0.001*  < 0.001* 0.01*  < 0.001*

HDL cholesterol (mg/dl) r − 0.383 − 0.356 − 0.020 − 0.383 − 0.592
P  < 0.001*  < 0.001* 0.811  < 0.001*  < 0.001*

Fasting blood glucose (mg/dl) r 0.355 0.362 0.144 0.539 0.243
P  < 0.001*  < 0.001* 0.080  < 0.001* 0.01*
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Table 4  Multiple stepwise 
linear regression analysis to 
test the influence of the main 
independent variables on OPG 
expression levels (dependent 
variable) among obese patients

Model Unstandardized 
Coefficients

Standardized 
Coefficients

t p value 95.0% Confidence interval 
for B

β Std. error Beta Lower bound Upper bound

Model 1
 Constant 0.304 0.194 – 1.567 0.119 − 0.079 0.688
 HbA1c (%) 0.277 0.025 0.672 11.031  < 0.001* 0.227 0.326

Model 2
 Constant 1.156 0.293 – 3.943  < 0.001* 0.577 1.735
 HbA1c (%) 0.290 0.024 0.705 11.941  < 0.001* 0.242 0.338
 Waist/hip ratio 0.905 0.241 0.222 3.759  < 0.001* − 1.381 − 0.429

Model 3
 Constant 1.536 0.330 – 4.658  < 0.001* 0.884 2.188
 HbA1c (%) 0.291 0.024 0.706 12.156  < 0.001* 0.244 0.338
 Waist/hip ratio 0.651 0.260 0.160 2.506 0.03* 1.165 0.138
 HDL cholesterol − 0.014 0.006 − 0.150 − 2.382 0.02* − 0.025 − 0.002

Table 5  Logistic regression 
analyses of OPG expression 
and serum OPG levels as well 
as anthropometric measures in 
obese versus lean subjects

β S.E t p value Odds ratio 95% CI

Lower Upper

OPG (pmol/L) 2.367 0.591 16.036  < 0.001 10.668 3.349 33.985
OPG expression 2.024 0.491 17.020  < 0.001 7.570 2.894 19.803
Waist/height ratio  − 8.668 3.191 7.379 0.007 0.003 0.007 0.089
Waist/hip ratio 2.442 1.888 1.672 0.196 11.495 0.284 465.360

Fig. 2  A ROC curve for utility of for OPG expression levels in discriminating lean control from obese patients; B ROC curve for utility of for 
serum OPG levels in discriminating lean control from obese women
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measurements the only tested measures were WHR ratio 
with odds ratio was 0 0.003, 95% CI = 0.007–0.089.

Accuracy of OPG expression and serum levels 
for discriminating obese from lean control by ROC 
analyses

We further investigated the possible diagnostic value of OPG 
expression and OPG serum levels by ROC curves (Fig. 2A, 
B, respectively). For discrimination of obese among from 
lean subjects, the cutoff values of OPG expression levels 
and serum levels were 1.943 and 5.883 and the AUC were 
[0.859 (95% CI = 0.806–0.911) and 0.901 (95% CI = 0 
0.841–0.962), respectively, P < 0.001]. Additionally, the 
sensitivities and the specificities of OPG expression levels 
were (92 and 70.7%), and OPG serum level (90 and 99.7%), 
respectively. Thus, OPG expression and serum OPG levels 
could be useful diagnostic biomarkers discriminating obese 
from lean subjects.

Accuracy of OPG expression and serum levels 
for discriminating type 2 diabetes mellitus 
among obese by ROC analysis

We further looked into the possible diagnostic value of 
OPG expression (A) and OPG serum levels (B) by ROC 
curves were presented in (Fig. 3). In obese patients, when we 

discriminate T2DM among non- diabetic patients, the cutoff 
values of OPG mRNA levels and serum levels were 2.2267 
and 5.263 and the AUC were [0.833 (95% CI = 0.821–0.946) 
and 0.950 (95% CI = 0.908–0.991), respectively, p < 0.001 
for each]. To boot, the sensitivities and the specificities of 
OPG expression were (90 and 86.2%), and OPG serum levels 
(95.7 and 96. 4% respectively).

Discussion

Obesity is an established risk factor for T2DM and a vital 
component of MetS. Not surprisingly, therefore, the increas-
ing prevalence of obesity is being paralleled to similar 
increases in the number of persons with T2DM or MetS [4]. 
Considerable evidence implicates inflammation as a crucial 
component in the pathophysiology of obesity and diabetes.

Osteoprotegerin is a member of the TNF receptor super-
family. It is a receptor of TNF-related apoptosis-inducing 
ligand (TRAIL) playing a role in immune regulation and 
cell survival [17]. TNF-α, interleukin-1 (IL-1), IL-18 and 
transforming growth factor-β (TGF-β) were known to up-
regulate OPG mRNA levels [18–20]. On the other hand, 
glucocorticoids, parathormone hormone (PTH) and pros-
taglandin E2  (PGE2) can inhibit the expression of OPG 
[21–23]. Emerging evidence showed that estrogens stimulate 
OPG expression [24]. Based on these findings, in the present 
study we include women only and excluded any patients 

Fig. 3  A ROC curve for utility of OPG expression in discriminating obese women with T2DM from those without diabetes; B ROC curve for 
utility of serum OPG levels in discriminating obese patients with T2DM from those without diabetes
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with parathyroid disorders or receive medication affect OPG 
mRNA or serum levels.

Our results explored that obese woman had significantly 
lower values of serum OPG levels compared to lean controls. 
The present study is consistent with others as they found the 
serum OPG concentration has significantly lower levels in 
obese patients in relation to lean controls [25–27]. Holecki 
et al. explained that the production and levels of OPG was 
correlated to parathormone hormone among patients with 
morbid obesity [25]. Zaky et al. [28] reported lower level of 
OPG in obese adult premenopausal females in comparison 
to lean age matched females. They attributed that to it may 
be related to lower activity of bone metabolism in obese 
women and less compensating production of OPG [28]. 
Stanik et al. found a negative relationship between OPG and 
BMI (r = − 0.098, p < 0.001) in a sample of 1325 children 
and adolescents [29]. Recently, Nesaee et al. [12] found the 
mean osteoprotegerin level was significantly lower in the 
obese children than in the non-obese one. In the contrary to 
our study, Ayina et al. found that OPG had higher levels in 
obese than in normal subjects [30]. Other results that com-
pared obese and normal body weight individuals in terms 
of circulating OPG level reported no differences between 
them [31]. Kotanidou et al. showed OPG levels did not differ 
significantly between obese subjects and controls in the total 
sample (p = 0.133). However, in the adolescent’s subgroup, 
serum OPG levels were significantly increased in obesity 
(p = 0.019). After stratifying participants according to their 
IR status, only subjects with both obesity and IR exhibited 
increased OPG levels compared to controls (p < 0.001). They 
explained that as obesity per se is not the potent factor for 
the increase of OPG levels; indeed, IR going with obesity 
seems to exert a fundamental role in OPG upregulation [32]. 
The discrepancy of results regarding OPG levels in obesity 
may partly arise from the difference in the patient population 
among these studies.

We analyzed for the first time OPG gene expression in 
obese and lean people. We found an up regulation of OPG 
expression in the obese women when compared to lean sub-
jects. These results confirmed by Toffoli et al. who found 
OPG mRNA levels were significantly increased in aorta 
and hearts of diabetic mice as compared to control group 
[33]. Moreover, Chang et al. showed that OPG expression 
was increased in hyperglycemic rat aortic VSMCs, while 
RANKL expression was decreased [34]. In the present study, 
there is controversy between the expression and serum levels 
of OPG as it was upregulated in the obese when compared to 
leans while the serum levels were lower in obese than lean 
women. It was suggested that first, there are many compli-
cated and varied post-transcriptional mechanisms involved 
in turning mRNA into protein that are not yet sufficiently 
well-defined to be able to compute protein concentrations 

from mRNA; second, proteins may differ in their in vivo 
half-lives [35].

The present study showed that obese diabetics had higher 
serum levels of OPG and upregulation of OPG gene expres-
sion compared to obese non-diabetic patients. Many stud-
ies found significant increase of serum OPG in T2DM and 
T1DM compared to normal controls [36–38]. In line with 
our results, an Egyptian study conducted by Ahmed et al. 
found that the serum OPG had significantly higher levels 
in diabetic patients than in the healthy group and more in 
diabetic patients with MetS than in those without MetS [39]. 
Alharbi et al. found that serum OPG level was significantly 
elevated in obese with insulin resistance patients compared 
to control subjects [40]. Others cannot find any statistical 
difference of OPG among subjects with or without MetS 
[41].

Interestingly, we found that HbA1c and HDL-c are the 
main predictors of OPG gene expression among obese sub-
jects. In accordance with our findings, Toffoli et al. showed 
that both dyslipidemia and T2DM can affect OPG expres-
sion levels in the cardiovascular system and these changes 
could contribute to atherosclerosis [33]. Gümüş et al. found 
that OPG levels were higher in patients with poor glycemic 
control and that they may be indicators of disease severity 
[42]. On the contrary, Sassi et al. did not find any significant 
increase in OPG regardless to glycemic control [43].

To illuminate the relationship between anthropometric 
measures with the parameters of MetS, we found significant 
positive correlations between parameters of MetS includ-
ing WC, SBP and DBP, low HDL-c as well as TAG with 
all anthropometric measures in obese cases (BMI, WHR, 
whiter, BAI and VAI). Interestingly, among obesity indices, 
the highest positive correlation was found between VAI and 
parameters of MetS in this study and in previous researches 
[44, 45].

In conformity with our finding, Amato et al. among an 
age-stratified a Caucasian Sicilian population, cutoff points 
of VAI were proved to be strongly related to MetS, they 
explained that VAI stands for physical (BMI and WC) and 
metabolic parameters (TAG and HDL-c), may, indirectly 
show other non-classical risk factors, i.e., cytokines and 
plasma-free fatty acids [6].

In the current study, we detected significant positive cor-
relation between BAI and all parameters of MetS except 
WC and DBP among obese cases. Like our results, Bergman 
et al. reported that BAI is a useful parameter to evaluate adi-
posity in Caucasian population. Furthermore, they reasoned 
that it is more practical as well as less demanding than other 
complex mechanical strategies [5].

Interestingly, the present work is the initiative to con-
centrate on an OPG expression level in obesity and its cor-
relations with obesity indices; BAI, VAI as well as param-
eters of MetS. The main finding of the present work is the 
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independent correlation between OPG expression level and 
anthropometric measures as well as parameters of MetS. 
These results matched with those conducted by Gannage-
Yared et al. [31] and Kotanidou et al. [32], they found a 
positive correlation between OPG and HOMA-IR. There are 
noteworthy useful impacts of OPG on vascular tissues as 
it is associated with endothelial dysfunction and IR. These 
effects were backed up previously by other studies; they 
documented an association between high serum OPG levels 
and cardiovascular disease [46, 47]. Pennisi et al. found that 
patients with plaques in both carotid and femoral districts 
showed a significant association between OPG serum levels 
and the number of plaques [48]. They suggested that OPG 
could be useful in refining risk prediction of CVD (cardio-
vascular disease) in postmenopausal women with an associ-
ated occurrence of plaques in femoral/carotid arteries [48].

The current work suggested that serum OPG levels were 
a significant predictor of T2DM among obese patients. It 
is proposed that inflammation could link OPG to IR, the 
hallmark of obesity and T2DM, which considered a state 
of low-grade chronic systemic inflammation [49]. It has 
been suggested that OPG/RANK/RANKL pathway may 
play a role in the regulation of inflammatory and immune 
responses and directly regulate the production of proinflam-
matory cytokines from macrophages [50]. So, this pathway 
may have a role in DM pathogenesis.

In conclusion, the increased circulating OPG expression 
in obese women, especially diabetic obese patients could 
approve the link between inflammation, obesity indices 
(BAI and VAI) and MetS parameters. The identification of 
optimum cutoff of OPG expression and serum levels among 
obese patients could help in evaluating obesity and its 
comorbidities to decrease health hazards related to obesity. 
Further future multicenter studies with a bigger sample size 
are needed to confirm our findings.
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