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Abstract:

Background and Aim: Osteoprotegerin (OPG) has emerged as a potential biomarker for
cardiovascular diseases (CVD) and type 2 diabetes (T2D). This study aimed to evaluate the
relationship between serum OPG levels, fasting blood glucose (FBG), and the presence of coronary
artery disease (CAD) in patients with and without T2D.

Materials and methods: A total of 60 participants were enrolled in this cross-sectional study, divided
into two groups based on cardiac catheterization results: Non-CAD group (16 patients) with no
stenosis in epicardial arteries and CAD group (44 patients) with severe multivessel disease (>50%
stenosis in one or more major epicardial arteries). Demographic data, clinical characteristics, and
biochemical parameters including FBG and serum OPG levels were measured. Statistical analyses
were performed to compare the two groups and assess correlations.

Results: Patients with CAD exhibited significantly higher FBG levels (110.39+42.05 mg/dL)
compared to those without CAD (84.75+9.55 mg/dl, P=0.021). Serum OPG levels were also elevated
in the CAD group (5.72+2.06 ng/mL) versus the non-CAD group (4.49+1.05 ng/ml, P<0.008). A
positive correlation was observed between OPG levels and diabetes status, with higher OPG levels
noted in T2D patients (5.91+2.38 ng/ml) compared to non-diabetic individuals (4.91+1.2 ng/ml). ROC
curve analysis demonstrated that OPG had an area under the curve (AUC) of 0.726 for predicting CAD
risk (P=0.008) and an AUC of 0.661 for predicting T2D risk (P=0.033).

Conclusions: Our findings suggest that elevated serum OPG levels are associated with CAD and T2D,
indicating its potential role as a biomarker for cardiovascular risk assessment. Further studies are
warranted to explore the mechanistic pathways linking OPG with metabolic and cardiovascular
diseases.

Keywords: Coronary Atherosclerosis Disease, Atherosclerosis, Biomarker, Osteoprotegerin,
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Introduction:

Osteoprotegerin (OPG) is a critical regulator of bone
resorption and is increasingly recognized for its role
beyond the skeletal system. It is produced by various
tissues, including those in the cardiovascular system,
such as the heart and blood vessels(1,2). OPG
expression is regulated by numerous cytokines and
hormones(3). Studies have shown that OPG-
deficient mice exhibit severe osteoporosis and
arterial calcification (4), indicating its significance in
both  bone health and wvascular integrity.
Additionally, OPG has been identified in early
atherosclerotic lesions, suggesting its involvement in
vascular disease progression(5).

Recent clinical studies have reported a significant
correlation between elevated serum OPG levels and
cardiovascular mortality(6), proposing that OPG
may contribute to coronary artery disease (CAD)
progression. This study aims to evaluate the
associations between serum OPG levels and
glucometabolic parameters in patients with CAD.

2. Materials and methods:

2.1. Study Design and Participants

This cross-sectional study included 60 patients
(63.3% men, 36.7% women) hospitalized at the
cardiac catheterization department of Al-Assad
University Hospital. Patients were divided into two
groups based on cardiac catheterization results: Non-
CAD group (16 patients, aged 50.94 + 9.85 years)
with no stenosis in epicardial arteries and CAD
group (44 patients, aged 57.66 + 10.48 years) with
severe multivessel disease (>50% stenosis in one or

more major epicardial arteries). Clinical and
demographic data were collected following hospital
regulations and patient consent.

Patients with impaired renal function, paralysis,
prolonged bed rest, previous hormonal or metabolic
disorders, or those taking medications affecting bone
or calcium metabolism were excluded.

2.2.Measurements

Serum osteoprotegerin levels were measured using
an Enzyme-Linked Immunosorbent Assay (ELISA)
(BI-20403, Biomedica Immunoassays) on peripheral
blood specimens collected from participants.
Additional laboratory assessments included fasting
plasma glucose and lipid profiles to evaluate
glucometabolic status and cardiovascular risk.

2.3. Statistical Analysis

The data were evaluated using the Statistical
Package for the Social Sciences version 26 (SPSS,
Inc., Chicago, lIllinois). The Kolmogorov-Smirnov
test was utilized to examine the cumulative
distribution of the sample. Quantitative continuous
variables were expressed as mean + standard
deviation (SD). Kruskal Wallis test was used to
compare the mean ranks of OPG. A p-value of less
than 0.05 was considered statistically significant.

3. Results:

3.1. Patient Characteristics

The demographic, clinical, and biochemical
characteristics of the participants in the study are
summarized in Table 1. Fasting blood glucose (FBG)
levels were significantly lower in the Non-CAD group
compared to the CAD group (84.75+9.55 vs
110.39+42.05, P=0.021) as illustrated in Figure 1. A
notable difference was observed in smoking rates
between the two groups, with a higher prevalence in
the CAD group (59.1%) compared to the Non-CAD
group (12.5%, P<0.001). Additionally, obesity (defined
as a BMI > 30 kg/m?) was more prevalent in the CAD
group (66%) than in the Non-CAD group (25%,
P<0.005). No significant differences were found in the
lipid profiles of the two groups, due to 48% of
participants being on statin therapy.

3.2. Serum Osteoprotegerin Levels (OPG) in
Coronary Atherosclerosis

The levels of osteoprotegerin  (OPG) were
significantly elevated in the CAD group compared to
the Non-CAD group (5.72+2.06 vs 4.49+1.05
ng/mL, P<0.008) as shown in Table 1 and Figure 2.
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3.3. Correlation Between Osteoprotegerin and
Fasting Plasma Glucose (FPG)
A positive correlation was observed between OPG
levels and the presence of diabetes; specifically,
OPG levels were higher in individuals with type 2
diabetes (T2D) compared to those without T2D
(5.91+£2.38 vs 4.91+1.2), as shown in Table 2 and
Figure 3.

3.4. Correlation Between Cardiovascular Disease
(CVD) and FPG

The FPG levels showed a significantly higher in the
CAD group than the Non-CAD group (110.39+42.05
vs 84.75+9.65), as expected (Figure 1).

3.5. Receiver Operating Characteristic (ROC)
Curve Analyses.
ROC curve analysis indicated that OPG has an area
under the curve (AUC) of 0.726 (P=0.008) for
predicting  CAD risk, as shown in Figure 4.
Additionally, ROC analysis for T2D risk prediction
revealed an AUC of 0.661 (P=0.033), presented in
Figure 5.

Table(1): Demographic, anthropometric, and

biochemical parameters data.

Result are expressed as mean + SD; SD: Stander
Deviation. TC: Total cholesterol; TG: Triglycerides;
HDL: Cholesterol bound to high density
lipoproteins; LDL: Cholesterol bound to low-density
lipoproteins; FPG: Fasting Plasma Glucose; BMI:
Body mass index NS: None statistically significant.
CAD: coronary artry disease.

Table(2): Osteoprotegerin levels according FPG levels

P-value
Non_CAD _ (Kruskal

Variables | (n=16) CAD (=44) | \wallis)
Age (yr) 50.94+9.85 57.66+ 10.46
BMI
(kg/mz) 30.07+6.46 28.77+4.04 0.042
Smoking
n (%) 2(13) 26(59) 0.001
HDL
(mg/dl) 43+9.93 40+6.5 0.332
LDL

103.94+34.58 | 107.24+46.87 0.907
(mg/dI)

TC (mg/dl)| 145.12+37.12 | 151.81+36.67 0.802
JC | 126.88+84.77 | 140.59470.91 | 0.245
("mg/dI)

FPG 84.75£9.55 | 110.39+42.05 0.021
(mg/dl)
OPG 4.49+1.05 5.72+2.06 0.008
(ng/ml)

. P-value
Diabetes
Variables NG (n=35) (n=25) Kruskal
B B Wallis
OPG (ng/ml) | 4.91+1.20 5.91+2.38 0.033
NG: Normal glucose < 100mg/dL.  Diabetes
>126mg/dL.
[ por [ ]
|
=3 g
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Figure (1): Box plot defining the median and range of
FPG levels across CVD groups. FPG: Fasting Plasma
Glucose

OPG ngiml

CAD

Figure (2): Box plot defining the median and range of
OPG across FPG LEVELS. OPG: Osteoprotegerin,
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FPG: Fast Plasma Glucose. NG: Normal glucose <
100mg/dL. Diabetes >126mg/dL.

OFC ngimL

Diabetes
Figure (3): Box plot defining the median and range of
OPG across FPG LEVELS. OPG: Osteoprotegerin,
FPG: Fast Plasma Glucose. Non_T2D: Not type 2
diabetes: glucose < 100mg/dL. T2D: type 2 Diabetes
>126mg/dL
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Figure (4): Receiver operating characteristics (ROC)
curve analyses (OPG: area-under-the-curve [AUC]=
0.726, P=0.008) in the risk prediction for CAD.
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Figure(5): Receiver operating characteristics (ROC)
curve analyses (OPG: area-under-the-curve [AUC]=
0.661, P=0.033) in the risk prediction for T2D.

4. Discussion:

This study aimed to evaluate the relationship
between serum OPG levels, fasting blood glucose
(FBG), and the presence of coronary artery disease
(CAD) in patients with and without T2D.

Our findings reveal significant differences in various
parameters between CAD and non-CAD groups,
emphasizing the multifactorial nature of CAD and
its association with metabolic dysregulation.

4.1. Demographic and Clinical Characteristics
The observed elevation in FBG levels among CAD
patients (110.39+42.05 mg/dL) compared to non-
CAD individuals (84.75£9.55 mg/dL, P=0.021)
corroborates existing literature that highlights
hyperglycemia as a pivotal risk factor for
cardiovascular diseases(7, 8). Chronic
hyperglycemia contributes to endothelial
dysfunction, promotes oxidative stress, and
facilitates  atherosclerotic ~ changes,  thereby
increasing the risk of CAD (9).

Furthermore, our study found a significantly higher
prevalence of smoking in the CAD group (59.1% vs.
12.5%, P<0.001). This aligns with substantial
evidence indicating that smoking is a major
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modifiable risk factor for CAD, contributing to
arterial inflammation and plague formation (10). The
association between obesity (66% vs. 25%, P<0.005)
and CAD also supports findings from previous
studies that link obesity to increased cardiovascular
morbidity through mechanisms such as insulin
resistance and chronic inflammation (11).

4.2. Osteoprotegerin Levels

A particularly outstanding finding of our study is the
elevated serum OPG levels in the CAD group
(5.72+£2.06 ng/mL vs. 4.49+1.05 ng/mL, P<0.008).
OPG is a member of the tumor necrosis factor
receptor superfamily and is known to play a critical
role in bone metabolism, but it has also been
implicated in  vascular calcification and
atherosclerosis (12). Elevated OPG levels may
reflect an underlying inflammatory process or
vascular remodeling associated with atherosclerotic
changes (13). The role of OPG in CAD is further
supported by studies showing that higher serum

OPG levels are associated with increased
cardiovascular events and mortality (14).
4.3. Correlation with Type 2 Diabetes
Our analysis revealed that OPG levels were

significantly higher in T2D patients compared to
non-T2D individuals (5.91+2.38 ng/mL  vs.
491+1.20 ng/mL), suggesting that T2D may
exacerbate the elevation of OPG levels. This finding
is consistent with research indicating that diabetes
mellitus is associated with increased OPG levels,
potentially linking metabolic dysregulation to
heightened cardiovascular risk (15). The interaction
between OPG and diabetes may involve mechanisms
such as increased inflammation and oxidative stress,
both of which are prevalent in diabetic patients and
contribute to vascular complications (16). It has
been suggested that inflammation-driven
hyperglycemia, rather than high glucose levels per
se, is involved in the increase of OPG observed in
diabetes [17].

4.4, ROC Curve Analysis

The ROC curve analyses indicated that OPG has
moderate predictive value for CAD (AUC=0.726,
P=0.008) and T2D (AUC=0.661, P=0.033). These

findings suggest that OPG could serve as a valuable
additional biomarker for assessing the risk of CAD
and T2D in clinical practice. The identification of at-
risk individuals could facilitate timely interventions
aimed at reducing cardiovascular morbidity and
mortality(18).

5. Limitations and Future Directions:
Despite these insights, our study has limitations that
should be acknowledged. The exclusion of lipid
profiles due to statin use may restrict our understanding
of the complete lipid landscape in these patients, as
dyslipidemia is a well-established risk factor for CAD
(19). Additionally, the cross-sectional design limits
causal inferences regarding the relationships between
OPG levels, metabolic parameters, and cardiovascular
outcomes. Future longitudinal studies are warranted to
elucidate these temporal relationships and further
explore the potential mechanisms linking OPG with
CAD and T2D.

6. Conclusion:

In conclusion, our findings highlight significant
differences in metabolic parameters between CAD
and non-CAD groups, with elevated OPG levels
serving as a potential biomarker for cardiovascular
risk. The interplay between OPG, FBG, and T2D
underscores the importance of addressing metabolic
health in managing cardiovascular disease risk.
Further research is needed to validate OPG's utility
as a biomarker in clinical settings and to explore its
role in therapeutic strategies aimed at reducing
cardiovascular events.
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