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Abstract 

Objective  Osteoprotegerin is a member of the tumor necrosis factor receptor superfamily. The study aimed to assess 
serum osteoprotegerin and endothelial dysfunction relationship in obese non-diabetic subjects. Elucidating the asso-
ciation linking serum osteoprotegerin level to obesity and insulin resistance.

Materials and methods  Sixty obese non-diabetic subjects attending the outpatient endocrine clinic were com-
pared with 20 controls. All subjects went through history taking, clinical examination, and anthropometric measuring. 
Laboratory tests included fasting blood glucose, HbA1c, HOMA-IR, lipid profile, and serum osteoprotegerin level—
assessment of endothelial dysfunction measured by carotid intimal thickening and flow meter dilatation.

Results  Obese subjects had significantly higher rates of insulin resistance and dyslipidemia compared with controls 
(P = 0.017 and 0.002, respectively). Serum osteoprotegerin levels were significantly lower in obese subjects com-
pared with controls (P = 0.011). In obese subjects, there was a significant positive correlation between osteoprote-
gerin and HOMA-IR (r = 0.272; P = 0.035), whereas there was no significant correlation between OPG and endothelial 
dysfunction.

Conclusion  The study showed that osteoprotegerin significantly decreased in obese non-diabetic individu-
als in comparison with control subjects. A significant positive correlation between osteoprotegerin and HOMA-IR 
has been reported in obese non-diabetic subjects. OPG can be considered a serum biomarker to predict insulin resist-
ance in obese individuals.
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Introduction
One of the most notable health issues is obesity, considered 
a risk factor for plenty of chronic illnesses. It was recently 
added to the World Health Organization’s objective list of 
non-communicable diseases around the globe [1].

According to the 2019 Healthy 100 Million survey, 
Egypt has one of the highest obesity rates in the world. 
Of the 49.7 million Egyptian adults (≥ 18  years) sur-
veyed, 39.8% were obese (BMI ≥ 30 kg/m2) [2]. Diabetes 
mellitus type 2 has a high frequency in adult Egyptians, 
which might be attributed to obesity. Additionally, obe-
sity has increased diabetes complications; sleep apnea, 
fatty livers, hypertension, ischemic heart disease, and 
death. Obesity propensity is mostly influenced by genetic 
factors, and genotype expression is influenced by the 
environment.

Osteoprotegerin (OPG) is a receptor activator of nuclear 
factor kappa B ligand, a TNF-related apoptosis-inducing 
ligand, and belongs to the (TRAIL) family. TRAIL is a 
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member of the TNF superfamily [3]. Recently, OPG was 
recognized as a novel secreted protein related to the tumor 
necrosis factor receptor that shares in bone density regu-
lation. Its expression is increased in osteoclastogenesis, 
bone resorption, and inflammatory bone disease. OPG has 
been demonstrated to contribute to vascular calcification, 
which is considered a cardiovascular disease risk factor [4].

Plasma OPG levels are highly associated with endothe-
lial dysfunction, and serum OPG level provides an inde-
pendent prognostic benefit for X-syndrome as a risk 
criterion for cardiovascular disease [5]. The RANK/
RANKL/OPG may play a crucial role in vascular calcifi-
cation according to mounting studies [4]. Inflammatory 
cell chemotaxis is substantially enhanced by OPG. OPG 
stimulates two processes commonly occurring in athero-
sclerosis: matrix metalloproteinase release and apopto-
sis in vascular smooth muscle cells and endothelium [6]. 
It was shown that OPG has an atherosclerotic effect by 
stimulating the production of intercellular adhesion mol-
ecules on endothelial cells (ECs). such as vascular adhe-
sion molecule-1 (VCAM-1) and his E-selectin. This, in 
turn, increases leukocyte adherence, which is a prelude to 
EC dysfunction [7].

The study aimed to assess the relationship between 
serum (OPG) level and endothelial dysfunction in obese 
non-diabetic subjects.

Materials and methods
Population of the study
The study included 60 obese non-diabetic subjects vis-
iting the Endocrine and Obesity Clinic in Kasr Alainy 
throughout the period from April to October 2022 in 
comparison to a lean group consisting of 20 subjects as 
control.

Inclusion criteria
All participants who were obese with BMI ≥ 35, neither 
diabetics nor pre-diabetics.

Exclusion criteria

•	 Hypertension
•	 History of stroke
•	 History of myocardial infarction
•	 History of intake of lipid-lowering drugs
•	 History of renal disease

Methods
All subjects involved in the study went through the 
following:

•	 Full history taking
•	 Thorough clinical examination
•	 Anthropometric measures:
•	 Height, weight, waist circumference, and hip circum-

ference.
•	 Anthropometric measures were calculated by the fol-

lowing formulae:
•	 BMI: (kg/m.2)—waist/hip ratio: waist circumference/

hip circumference (cm/cm) − WHt R ratio: waist/
height (cm/cm) − Body adiposity index (BAI) = (Hip 
circumference/height (cm/m) × 1.5) − 18

•	 Laboratory tests: including fasting blood sugar, 
HBA1C, HOMA-IR, lipid profile (Total cholesterol, 
TG, LDL, HDL), and serum osteoprotegerin.

Sampling
All subjects were requested to fast for 6–8 h before sam-
pling. A venipuncture, in a totally aseptic environment, 
was followed to aspirate 6  ml of blood distributed into 
three tubes; one was a plain tube (4 ml), the other was a 
violet top EDTA vacutainer tube (2 ml) and the third was 
grey top fluoride vacutainer tube (2 ml).

Assay
All subjects included were assayed for the following:

I.	 Routine investigations.

As for the serum tube; the blood was left to clot for fif-
teen minutes. Afterward, it was rapidly separated within 
one hour from withdrawal by centrifugation.

Blood was centrifuged at 3000 rpm (1000 × g) for 10 min.
Serum was collected after centrifugation and was kept 

in 2 aliquots (2 ml micro-centrifuge tube each) at − 20 °C 
till assay for the following: one for lipid profile includ-
ing cholesterol (total, HDL, and LDL), triglycerides, and 
insulin.

The fluoride tube was used to assay fasting blood glucose.
The EDTA tube was used to measure HBA1C.
Diagnoses of IR were based on the homeostasis model 

assessment (HOMA-IR) equation taking 2.9 as a cut-off 
for insulin resistance.

	II.	 Specific investigations.

The other serum aliquot was used to assay serum 
osteoprotegerin levels by commercially available ELISA 
technique.

IR =

fastinginsulin(µU/ml ∗ fastingbloodsugar)(mg/dl)

405
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Doppler ultrasonography
Done with the same operator to measure:

1.	 Carotid intima-media thickness
2.	 Flow-mediated dilatation (FMD) of the brachial 

artery: FMD is determined by the percentage of 
change in brachial artery diameter after stimulus 
concerning the baseline diameter. The brachial artery 
diameter is initially measured at rest after placing the 
participant in a constant temperature and quiet room 
with his/her hand standing in a comfortable posi-
tion. After determination of the baseline diameter, 
ischemia is performed by inflating the cuff 50 mmHg 
over the systolic pressure. After 3  min the tourni-
quet is released and as a result, an increase in blood 
flow occurs resulting in vasodilatation of the brachial 
artery, and the maximum diameter is measured.

Statistical analysis
Data analysis packages were calculated using the soft-
ware SPSS version 21.

Qualitative data was expressed by percentage and num-
ber. Quantitative data was expressed by median, inter-
quartile range, mean, and standard deviation.

Student’s t-test and ANOVA test were performed for 
parametric data. Chi-square, and Fisher exact tests, how-
ever, were done for non-parametric data.

The level of significance was set at p equal to or 
below 0.05.

Osteoprotegerin validity was assessed using ROC curve 
analysis.

Results
In the current study, 60 obese non-diabetic subjects 
(BMI ≥ 35) attending an outpatient endocrine clinic in 
Kasr Al-Ainy were included and were compared with 20 
healthy controls.

Comparison between obese subjects and control groups 
regarding demographic data, anthropometric data, and 
classification of WHR and WHtR were summarized in 
Table 1.

Obese subjects were significantly older when compared 
with controls (mean age 38.87 ± 11.82 vs 27.00 ± 2.96; 
P < 0.001). Obese subjects had significantly increased 
weight, BMI, waist circumference, hip circumference, body 
adiposity index, waist-to-hip ratio, and waist-to-height 
ratio when compared with controls (P =  < 0.001, < 0.001, < 0.
001, < 0.001, < 0.001, 0.003, and < 0.001 respectively).

Comparisons between Obese subjects and control 
groups regarding laboratory investigations were summa-
rized in Table 2. Obese subjects had significantly higher 

serum levels of fasting blood sugar, glycosylated hemo-
globin, LDL, triglycerides, T.cholesterol, and HOMA-IR 
when compared with control subjects (P = 0.002, < 0.001, 
0.0128, 0.023, 0.001 and 0.024 respectively). Serum lev-
els of HDL were significantly decreased in obese subjects 
when compared to control subjects (P = 0.005).

Comparison between obese subjects and control 
groups regarding serum Osteoprotegerin level was 
illustrated in Fig.  1. Serum osteoprotegerin level was 
significantly decreased among obese subjects when 
compared with controls (1.39 ± 1.59 vs 5.05 ± 4.29  pg/
mL; P = 0.011).

Table 1  Comparison between obese subjects and control 
groups regarding demographic data, anthropometric data, and 
classification of WHR and WHtR

*signifies P values less than 0.05 were considered statistically significant

SD standard deviation, BMI body mass index, WC waist circumference, HC hip 
circumference, BAI body adiposity index, WHR waist-to-hip ratio, WHtR waist-to-
height ratio

(Mean ± SD) Obese subjects
(60)

Control
(20)

P value

Age (years) 38.87 ± 11.82 27.00 ± 2.96  < 0.001*
Sex (Count %) Female 56 (93.3%) 16 (80.0%) 0.102

Male 4 (6.7%) 4 (20.0%)

Weight (kg) 105.08 ± 15.44 61.10 ± 8.57  < 0.001*
Height (cm)) 158.90 ± 9.46 161.80 ± 9.51 0.239

BMI (kg/m2) 42.18 ± 6.09 23.18 ± 1.52  < 0.001*
WC (cm) 116.77 ± 9.83 82.70 ± 8.82  < 0.001*
HC (cm) 133.78 ± 11.29 102.35 ± 8.55  < 0.001*
BAI (%) 49.43 ± 7.56 32.05 ± 6.17  < 0.001*
WHR 0.88 ± 0.09 0.81 ± 0.08 0.003*
WHtR 0.74 ± 0.07 0.56 ± 0.21  < 0.001*
WHR (Count %) High 36 (60.0%) 5 (25.0%) 0.007*

Normal 24 (40.0%) 15 (75.0%)

WHtR (Count %) High 60 (100.0%) 2 (10.0%)  < 0.001*
Normal 0 (0.0%) 18 (90.0%)

Table 2  Comparison between obese subjects and control 
groups regarding routine laboratory investigations

*signifies P values less than 0.05 were considered statistically significant

SD standard deviation, FBS fasting blood sugar, HbA1c glycosylated hemoglobin, 
LDL low-density lipoprotein, HDL high-density lipoprotein, TG triglycerides

Obese subjects
(Mean ± SD)

Control
(Mean ± SD)

P value

FBS (mg/dL) 94.65 ± 9.97 85.80 ± 11.69 0.002*
HbA1c (%) 5.39 ± 0.30 4.64 ± 0.42  < 0.001*
LDL (mg/dL) 121.42 ± 31.57 102.15 ± 19.65 0.0128*
HDL (mg/dL) 44.50 ± 9.15 51.10 ± 8.05 0.005*
TG (mg/dL) 129.88 ± 59.03 97.50 ± 35.11 0.023*
Total cholesterol (mg/dL) 187.08 ± 35.21 156.20 ± 31.86 0.001*
HOMA-IR 2.36 ± 1.82 0.61 ± 0.7 0.024
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A comparison between obese subjects and control 
groups regarding endothelial dysfunction parameters 
was demonstrated in Table 3. The table shows no signif-
icant difference between both studied groups regarding 
endothelial dysfunction parameters including carotid 
intimal thickening or flow meter dilatation measured 
by duplex study.

Correlations of serum osteoprotegerin were calcu-
lated with different parameters in obese subjects and 
summarized in Table 4.

The table shows a significant positive correlation 
between osteoprotegerin and HOMA-IR among obese 
subjects (r = 0.272; P = 0.035). No significant positive 

correlation between osteoprotegerin and other variables 
was noted.

The receiver operating characteristic (ROC) curve 
for the detection of obese subjects using serum osteo-
protegerin was calculated and then drawn. The curve 
is illustrated in Fig.  1. It shows that the cut-off value 
of 2.26  pg/mL of serum osteoprotegerin had signifi-
cant discriminative ability for the detection of obese 
subjects from controls (P = 0.044), with an area under 
curve 0.690, 95% confidence interval ranging between 
0.505 and 0.874. With 93.3% sensitivity and 65% 
specificity.

Discussion
Osteoprotegerin was first identified in 1997 as a decoy 
receptor for nuclear factor kappa B ligand (RANKL), 
thereby inhibiting osteoclast differentiation and thus 
bone resorption. OPG is associated with numerous phys-
iological mechanisms [8]. Many studies have attempted 
to clarify the role of OPG in insulin resistance, vascular 
calcification, and obesity. Still, the results were inconsist-
ent. Studies using transgenic mice have shown that OPG 
protects the vasculature by preventing both plaque calci-
fication and progression. In DM-type patients, OPG has 

Fig. 1  ROC curve for detection of obese subjects using serum osteoprotegerin, AUC 0.690—P value; 0.044–cut-off 0.874—P values less than 0.05 
were considered as statistically significant, AUC: area under the curve

Table 3  Comparison between obese subjects and control 
groups regarding endothelial dysfunction parameters

P values less than 0.05 were considered statistically significant, SD standard 
deviation, FMD flow meter dilatation

Obese subjects
(Mean ± SD)

Control
(Mean ± SD)

P value

Carotid intimal thickness 0.82 ± 0.11 0.78 ± 0.08 0.221

FMD baseline 3.72 ± 0.56 3.82 ± 0.54 0.470

FMD highest reading 4.53 ± 0.52 4.55 ± 0.64 0.903

FMD 23.28 ± 13.50 19.60 ± 12.34 0.209
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been associated with morbidity like CAD, subclinical ath-
erosclerosis, and moreover, mortality [9].

Research has indicated that in normoglycemic adults, 
the incidence of stroke, CAD, and other cardiovascular 
events increases in concurrent with the levels of circu-
lating OPG. Moreover, elevated serum OPG is an inde-
pendent risk factor for the progression of atherosclerosis 
and vascular mortality [10]. However, obesity itself is 
not a determinant of increased OPG levels. However, IR 
appears to play an important role in OPG upregulation in 
relation to obesity [11].

Serum OPG level was statistically decreased among 
obese subjects when compared with controls (1.39 ± 1.59 
vs 5.05 ± 4.29 pg/ml; P = 0.011).

Similarly, Rashad et  al. [12] in a study that included 
150 normal-weight healthy women as a control group 
and 150 women with obesity subcategorized into two 
subgroups; non-diabetic (n = 70) and with DM type 2 
(n = 80), reported that non-diabetic control group had 
higher OPG serum levels than obese women (p < 0.001) 
and obese non-diabetic obese had lower serum levels of 
OPG in compared to obese diabetics to p < 0.001.

These findings should be discriminated from their find-
ing that levels of OPG were higher in obese women than 
controls (p < 0.001) regarding mRNA expression.

Kotanidou et  al. [11] categorized obese participants 
into two subgroups according to levels of fasting insu-
lin, using 15.00 μUI/ml as a cut-off value, and found that 
OPG levels were again significantly higher in the hyper-
insulinemic state (p < 0.001).

A study conducted by O’Sullivan et  al. [13] on 115 
obese male adults proved that OPG is elevated in obese 
adult men with glucose intolerance.

The idea of the correlation of OPG levels to impaired 
glucose and insulin metabolism could be a possible 
explanation for this variation.

Furthermore, the variations in the patient populations 
throughout these studies may contribute to the dispari-
ties in the results of OPG levels in obesity. The selection 
criteria varied, despite the fact that age, androgen status, 
and estrogen status are important factors that influence 
OPG serum levels [14].

In the current study, a significant positive correlation 
was reported between OPG and HOMA-IR among obese 
subjects (r = 0.272; P = 0.035).

Another positive association between serum OPG and 
HOMA-IR was found in a study conducted by Akinci 
et  al. [15] on 128 women affected previously with ges-
tational diabetes mellitus and 67 controls. In Gannagé-
Yared et al. [16] a study suggested that insulin resistance 

Table 4  Correlations of serum osteoprotegerin with different parameters in obese subjects

BMI body mass index, WC: waist circumference, HC hip circumference, BAI body adiposity index, WHR waist-to-hip ratio, WHtR waist-to-height ratio, FBS fasting blood 
sugar, HbA1c glycosylated hemoglobin, LDL low-density lipoprotein, HDL high-density lipoprotein, TG triglycerides, FMD flow meter dilatation

Serum osteoprotegerin

Correlation coefficient P value

Demographic and anthropometric data Age  − 0.120 0.362

Weight  − 0.008 0.952

Height  − 0.006 0.966

BMI  − 0.164 0.209

WC  − 0.046 0.725

HC  − 0.043 0.743

BAI (%)  − 0.120 0.362

WHR  − 0.075 0.567

WHtR  − 0.107 0.416

Laboratory data FBS  − 0.066 0.618

HOMA-IR 0.272 0.035
HBA1C 0.058 0.662

LDL 0.063 0.632

HDL  − 0.140 0.285

TG  − 0.065 0.622

Total cholesterol  − 0.037 0.778

Endothelial function parameters Carotid intimal thickness  − 0.040 0.762

FMD baseline 0.133 0.312

FMD highest reading 0.042 0.750

FMD  − 0.102 0.437
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was positively correlated to OPG levels among Caucasian 
obese individuals.

In contrast, a significant negative correlation between 
OPG levels and insulin resistance, as measured by the 
HOMA-IR equation, was identified in obese sub-Saharan 
African women in the Ayina et  al. [17] study, signifying 
that elevated OPG levels may suggest high insulin sensi-
tivity. Also, Ashley et al. [18] reported a negative associa-
tion between OPG and HOMA-IR in 100 healthy obese 
subjects.

Meanwhile, in the Erol et al. [19] study, no significant 
correlations were found between OPG and HOMA-IR. 
Also, O’Sullivan et al. [13] ended with the same result.

Based on the contradictory results of previous 
studies, we suggest that serum OPG levels may be a 
marker of IR in obese individuals. It remains contro-
versial whether high serum OPG levels in this particu-
lar population reflect insulin sensitivity or resistance. 
Differences in age, gender, ethnicity, metabolic status, 
and insulin sensitivity in the study population using 
HOMA-IR may partially explain this discrepancy. In 
the current study, no discernible difference was found 
between the two studied groups. regarding endothe-
lial dysfunction parameters including carotid inti-
mal thickening or flow meter dilatation measured by 
Duplex study.

In agreement with our study, Gunes et  al. [20] 
reported no association between OPG levels and carotid 
intimal thickening or flow meter dilatation in DM type 
2 patients.

In contrast to our study, de Ciriza et al. [21] conducted 
a study on 238 asymptomatic patients with metabolic 
syndrome, they stated that serum level of OPG posi-
tively correlated with intima-media thickness (r = 0.2, 
p = 0.005). Moreover, the study also reported that serum 
OPG was correlated with a high risk of abnormal intimal 
media thickening.

On the other hand, the results of Morony et  al.’s [22] 
experimental study suggested that OPG has vaso-protec-
tive properties by vascular calcification reduction.

No significant correlation between OPG and demo-
graphic, anthropometric, or laboratory data including 
lipid profile.

In contrast, Erol et al. [19] reported a negative correla-
tion between age and OPG level. While Ayina et al. [17] 
reported that age was positively correlated with OPG lev-
els (r = 0.831, p = 0.003).

As regards the correlation between anthropometric 
measurements and serum OPG concentration levels, 
results showed significant positive correlations between 
WHR serum level and OPG; however, no correlation was 

determined with WC or BMI. WHR, rather than WC or 
BMI, is a predictor for obesity-related risk stratification. 
OPG may be the pathogenic link between obesity-related 
risk stratification and WHR.

Conclusion
The present study demonstrated that OPG was signifi-
cantly reduced in obese, non-diabetic individuals com-
pared to healthy non-obese controls. Furthermore, 
a significant positive correlation between OPG and 
HOMA-IR has been reported in obese non-diabetic sub-
jects. However, no significant association between OPG 
and endothelial dysfunction has been reported

Recommendations
OPG could be used as a biomarker in predicting insulin 
resistance in obese non-diabetic patients.

More prospective studies on larger scales are needed 
to assess the relation between serum osteoprotegerin 
(OPG) level and endothelial dysfunction in obese non-
diabetic patients. However, further studies are needed to 
identify new pathways for vascular affection in obesity.
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