
Association of Serum Osteopontin with Osteoporosis in Pre- and 
Postmenopausal Women and Its Relation to Diabetes Status 

Narjes Abd Al-Kadhim Trad1, Abeer Cheaid Yousif Al-Fatlawi1 and 
Ali Mohammed Kadhim Al-Tuma2 

1Department of Pathological Analysis, College of Applied Medical Sciences, University of Kerbala, 56001 Karbala, Iraq 
2Department of Internal Medicine, College of Medicine, University of Kerbala, 56001 Karbala, Iraq 

narjis.a@s.uokerbala.edu.iq, https://orcid.org/0009-0004-7635-6078 

Keywords: Osteopontin, Diabetes Mellitus, Osteoporosis, Premenopausal, Postmenopausal. 

Abstract: Osteoporosis is a metabolic skeletal disorder characterized by reduced bone mineral density and increased 
susceptibility to fractures. Osteopontin (OPN) is a multifunctional glycoprotein involved in bone remodelling 
through regulation of osteoblast and osteoclast activity. This study aimed to evaluate serum OPN levels in 
women with osteoporosis and investigate its association with diabetic status and metabolic parameters. This 
case-control study included 100 women aged 40 years and older, classified according to menopausal status 
(premenopausal and postmenopausal), type 2 diabetes mellitus status, and healthy controls. Serum OPN, 
fasting blood glucose, fasting insulin, HbA1c, and HOMA-IR were measured and compared among groups. 
The results demonstrated significantly elevated serum OPN levels in all osteoporotic groups compared with 
controls (p < 0.01), indicating increased bone remodelling activity. HbA1c and fasting blood glucose levels 
were also significantly higher in patient groups, whereas fasting insulin showed no significant differences. 
HOMA-IR was increased in some patient subgroups, particularly among older participants, but differences 
were not consistent across all categories. No significant correlations were observed between OPN and 
glycemic parameters, suggesting that OPN elevation is primarily associated with bone metabolism rather than 
glucose regulation. Receiver operating characteristic (ROC) analysis showed excellent diagnostic 
performance of OPN for identifying osteoporosis, with an area under the curve (AUC) of 0.985, sensitivity 
of 91%, specificity of 100%, and accuracy of 92%. These findings indicate that serum OPN may represent a 
promising biomarker for osteoporosis detection and reflect alterations in bone remodelling independent of 
metabolic status. Further studies with larger populations and longitudinal designs are required to confirm its 
clinical applicability. 

1 INTRODUCTION 

Osteoporosis is a chronic systemic skeletal disease 
characterised by reduced bone mass and deterioration 
of bone microarchitecture, leading to increased 
fragility and fracture risk. The World Health 
Organisation (WHO) defines osteoporosis as a 
metabolic disorder of the skeleton that affects an 
estimated 200 million people globally; the term 
literally means “porous bone” [1]. Osteoporosis is a 
primary global health concern and affects people 
worldwide, it particularly impacts postmenopausal 
women due to estrogen deficiency. The lifetime 
fracture risk is about 1 in 3 for women and 1 in 5 for 
men over 50, fragility fractures, especially those of 
the hip and vertebrae, are associated with high 
morbidity and mortality [2], [3]. The relationship 

between osteoporosis and diabetes mellitus has been 
extensively studied; however, the interaction between 
osteoporosis in pre-/postmenopausal women and 
glycemic markers remains insufficiently 
explained [4], [5]. There is an evident influence of 
biomarkers, such as osteopontin, on menopausal 
status and diabetes markers. Osteoporosis is classified 
into two main types: primary and secondary, primary 
osteoporosis develops naturally with aging and is not 
associated with an underlying disease, it includes 
Type I (postmenopausal osteoporosis), which mainly 
affects trabecular bone in postmenopausal women 
and increases the risk of spine and wrist fractures, and 
Type II (senile osteoporosis), which occurs after the 
age of 70 in both sexes and affects both trabecular and 
cortical bone, leading to a higher risk of hip and spine 
fractures [6]. Secondary osteoporosis results from 
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identifiable medical conditions or lifestyle factors 
such as chronic diseases, endocrine disorders, 
nutritional deficiencies, physical inactivity, and 
smoking [7]. The severity of osteoporosis ranges 
from mild bone loss to advanced stages with fragility 
fractures, which influences treatment and prevention 
strategies [8].  

Diabetes Mellitus (DM) is a chronic metabolic 
disorder characterised by persistent hyperglycemia 
resulting from defects in insulin secretion, action, or 
both [9]. Epidemiological studies report that 
individuals with T2DM are at an elevated risk of 
fractures, though findings about bone mineral density 
(BMD) are inconsistent [10]. 

Osteopontin (OPN) is a multifunctional 
glycoprotein expressed in various tissues, including 
bone, liver, and immune cells. It participates in bone 
remodelling by regulating osteoblast and osteoclast 
activity and is also involved in inflammatory 
signalling pathways. Recent evidence indicates that 
OPN levels are altered in metabolic disorders, 
including insulin resistance, obesity, and T2DM. This 
suggests its potential role as a mediator linking 
metabolic dysregulation with skeletal health [11]. In 
bone metabolism, OPN also facilitates osteoclast 
attachment to the bone surface and regulates bone 
remodeling; abnormal levels may disrupt the balance 
between bone formation and resorption, contributing 
to osteoporosis and increased skeletal fragility [12]. 

The present study aims to assess the association 
between osteopontin (OPN) levels and bone health, 
as well as key metabolic indicators, HOMA-IR, in 
women with osteoporosis, considering menopausal 
status (pre- or post-menopause) and diabetes. 

2 METHODOLOGY 

This case-control study included 100 women aged 40 
years and older, with no upper age limit, stratified by 
age into two categories (40–50 and ≥51 years, as 
shown in Table 1) and divided into five groups 
according to menopausal status and diabetes status 

(with or without diabetes), and a healthy control 
group . Inclusion criteria included women aged 40≥60 
years. Data were collected from October 2025 to 
April 2026 at Imam Al-Hassan Al-Mujtaba Hospital. 
The collected data included age, menopausal status, 
type 2 diabetes status, weight, height, and BMI. 
Inclusion and exclusion criteria were as follows: 
Women aged 40 to ≥60 years, with or without 
diabetes, were included. Women were excluded if 
they had conditions or medications affecting bone 
health (e.g., liver disease, chronic kidney disease, 
malignancies, arthritis, systemic lupus 
erythematosus, long-term corticosteroids, hormonal 
therapies, specific osteoporosis treatments), other 
significant bone diseases, recent fractures, or were 
pregnant or breastfeeding.  

A 5 mL venous blood sample was collected from 
each participant. The blood was centrifuged to 
separate the serum, while another portion was 
collected in an EDTA tube for the measurement of 
HbA1c and complete blood count (CBC) [13].  

The separated serum was stored at −18°C until 
osteopontin, fasting insulin, and fasting blood glucose 
were analysed in accordance with the study protocol. 
Osteopontin (OPN) was measured with a commercial 
ELISA kit based on the Sandwich ELISA principle. 
The colour intensity is proportional to OPN 
concentration. Kit: Elabscience®, USA. Fasting 
insulin was measured with an ELISA kit. Colour 
intensity reflects insulin concentration. Kit: 
Elabscience, USA. Fasting blood glucose was 
measured using a commercial kit based on the Trinder 
enzymatic colourimetric assay, in which glucose is 
converted to a red dye, and the colour intensity is 
proportional to the glucose concentration in the 
sample. The assay was performed using a kit from 
Linear Chemicals, Spain, suitable for human samples. 
HOMA-IR assesses insulin resistance and is 
calculated from fasting glucose and insulin levels.  
Glycated Haemoglobin (HbA1c) shows average 
blood glucose over 2–3 months by measuring 
glucose-bound haemoglobin. It is widely used to 
assess long-term glycemic control in diabetes [14], 
[15]. 

Table 1: Demographic Criteria in pre-post osteoporosis patients related to diabetes state compared with control. 

Parameters Groups Control Post with D.M Post without 
D.M 

Pre with 
D.M 

Pre without 
D.M p-value 

Age (years) 40-50 40.0% 0.0% 0.0% 60.0% 60.0% <0.001 ≥ 51 60.0% 100.0% 100.0% 40.0% 40.0% 

BMI kg/m² 
normal weight 100.0% 24.0% 16.0% 20.0% 13.3% 

<0.001 Over weight 0.0% 32.0% 32.0% 40.0% 20.0% 
Obese 0.0% 44.0% 52.0% 40.0% 66.7% 
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2.1 Ethical Statement  

The Ethics Committee approved the conduct of this 
study at the College of Applied Medical Sciences, 
Department of Pathological Analysis, University of 
Karbala. CLAMSKY/20. 

2.2 Statistical Analysis 

Statistical analysis was performed using SPSS 
version 26. The normality of data distribution was 
assessed using the Shapiro–Wilk test, which indicated 
that the data were normally distributed. Accordingly, 
after confirming the underlying assumptions, a one-
way ANOVA was applied to compare means across 
multiple groups for continuous variables. The Chi-
square test was used to evaluate associations between 
categorical variables. A p-value of less than 0.05 was 
considered statistically significant. 

3 RESULTS 

The result presents the distribution of participants by 
clinical demographic characteristics, showing 
statistically significant differences (p < 0.01) in age, 
body mass index (BMI), between osteoporotic female 
patients in pre-post menopause and the control group 
Table 1.  

As shown in Table 2, the result exhibited 
significantly elevated serum osteopontin levels for 
premenopausal osteoporosis with and without 
diabetes mellitus compared to controls across both 
age categories. In addition, HbA1c and fasting blood 
glucose levels were significantly higher in patient 
groups, whereas no significant differences were 
detected in fasting insulin levels. HOMA-IR was 
statistically significant only in the older age group 
(≥51 years). No significant variation was observed 
within the same age groups. 

The results of Table 3 showed that also significant 
increase (p<0.01) in the level of osteopontin in 
postmenopausal osteoporosis patients as compared to 
controls. HbA1c and fasting blood glucose were 
significantly increased. Fasting insulin did not differ, 
whereas HOMA-IR was higher in patients, indicating 
increased insulin resistance. 

The results show the effect of body mass index 
(BMI) on biochemical parameters, with higher 
osteopontin levels across all patient groups than in the 
control group. It also demonstrates increased HbA1c 
and fasting blood glucose levels, particularly in 
overweight and obese groups. Fasting insulin showed 
minimal changes, while HOMA-IR showed 

statistically significant differences only in some BMI 
categories. No significant differences were observed 
within groups according to BMI in Table 4. 

 
Figure 1: Receiver Operating Characteristic (ROC) Curve 
for Osteopontin biomarker. 

The results show no significant correlation 
between osteopontin and HbA1c, fasting blood 
glucose, fasting insulin, or HOMA-IR. This means 
osteopontin is not directly related to glycemic status 
in Table 5. 

Results in Table 6 and Figure 1 show that 
osteopontin has excellent diagnostic ability. The 
AUC was 0.985, with 91% sensitivity, 100% 
specificity, and 92% accuracy. This indicates that 
osteopontin is a strong biomarker for detecting 
osteoporosis. 

4 DISCUSSION 

The present study demonstrated a significant 
elevation in serum osteopontin (OPN) levels in all 
osteoporotic groups compared with the control group, 
indicating increased bone turnover and enhanced 
bone remodelling activity. These findings are 
consistent with the established biological role of OPN 
as a marker of both bone resorption and formation, 
particularly in conditions associated with reduced 
bone mineral density and an increased risk of 
osteoporosis [16]. 

Furthermore, OPN levels were markedly elevated 
in both premenopausal and postmenopausal women 
with osteoporosis, suggesting that age-related 
hormonal changes may contribute to the activation of 
bone remodelling. However, no significant 
differences were observed when groups were 
stratified by age or body mass index (BMI), 
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indicating that neither factor directly influences OPN 
levels within the same disease category[17], [12]. 

Garding glycemic control parameters, no 
significant correlations were identified between OPN 
and HbA1c, fasting blood glucose, insulin, or 
HOMA-IR. This suggests that OPN elevation is 
primarily associated with bone turnover activity 
rather than glucose metabolism or insulin  
resistance [18], [19]. 

With respect to bone mineral density, OPN levels 
were significantly higher in patients with reduced 
bone density compared with controls, confirming its 
association with osteoporosis. However, no clear 
differences were observed across degrees of bone 
loss, indicating that OPN is more useful for detecting 
disease than assessing its [20]. 

From a diagnostic perspective, ROC curve 
analysis demonstrated excellent performance of OPN 
in distinguishing osteoporotic patients from healthy 
controls, with an AUC of 0.985, high sensitivity, high 
specificity, and strong overall diagnostic accuracy  
(Ardizzone et al., 2025). These findings support its 
potential value as a reliable biomarker for early 
detection of [21], [22]. 

Overall, the results of this study indicate that OPN 
mainly reflects bone-remodelling activity in both pre- 
and postmenopausal osteoporosis, with no clear 
association with metabolic parameters such as 
glycemic control, supporting its role as a promising 
biomarker for the assessment and diagnosis of 
osteoporosis. 

Table 2: Comparison of steopontin, glycemic parameters in premenopausal osteoporosis related to diabetes mellitus as 
compared to controls based on age factor. 

Biomarkers Age 
Categories 

Pre with D.M Pre without D.M Control p-value Mean  ± S.D. Mean  ± S.D.. Mean  ± S.D. 

Osteopontin 
ng/mL 

40-50 58.93 ±25.80 49.14 ±27.57 14.33 ±9.18 0.024 
≥ 51 71.34 ±19.01 59.53 ±25.52 13.10 ±8.41 <0.001 

p-value 0.333 0.475 0.831  

HBA1c % 
40-50 7.08 ±1.11 4.92 ±.52 5.48 ±.38 <0.001 
≥ 51 6.88 ±.31 5.30 ±.54 5.48 ±.55 <0.001 

p-value 0.679 0.202 0.992  

Fasting blood 
glucose mg/dL 

40-50 156.01 ±32.42 190.77 ±50.35 99.59 ±14.36 0.004 
≥ 51 169.23 ±52.70 192.25 ±63.49 97.90 ±20.44 0.012 

p-value 0.555 0.961 0.890  

Fasting blood 
insulin µIU/mL 

40-50 2.35 ±1.31 1.74 ±1.09 1.14 ±.54 0.206 
≥ 51 1.46 ±.95 2.01 ±1.22 .97 ±.32 0.177 

p-value 0.117 0.667 0.549  

HOMA-IR 40-50 .89 ±.47 .79 ±.49 .29 ±.17 0.096 
≥ 51 .55 ±.32 .81 ±.41 .24 ±.11 0.019 

Table 3: Comparison of osteopontin, glycemic profile between postmenopausal osteoporosis patients with and without 
diabetes mellitus and control groups based on age factor. 

Biomarkers Age 
Categories 

Post with D.M Post without D.M Control p-value Mean  ± S.D. Mean  ± S.D. Mean  ± S.D. 
Osteopontin ng/mL ≥ 51 55.07 ±20.87 61.65 ±30.22 13.10 ±8.41 <0.001 

HBA1c % ≥ 51 7.46 a ±.85 5.54 b ±.41 5.48 b ±.55 <0.001 
Fasting blood 
glucose mg/dL ≥ 51 149.36 ±34.58 163.75 ±47.48 97.90 ±20.44 0.003 

Fasting blood 
insulin µIU/mL ≥ 51 1.88 ±1.10 2.01 ±1.22 .97± .32 0.135 

HOMA-IR ≥ 51 .70 ±.48 .77 ±.49 .24 ±.11 0.045 
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Table 4: Comparison of Osteopontin, glycemic profile between pre-postmenopausal osteoporosis patients with and without 
diabetes mellitus and control groups based on BMI factor. 

Biomarkers BMI 
Categories 

Post with 
DM 

Post without 
DM Pre with DM Pre without 

DM Control p-value
Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D. 

Osteopontin 
ng/mL 

Normal 
weight 

64.74 
±28.29 66.11 ±24.07 73.36 ±26.96 40.83 ±.30 

13.59±8.23 

0.002 

Over weight 50.42 
±23.06 58.98 ±31.37 59.34 ±24.06 69.52 

±44.57 <0.001 

Obese 53.19 
±14.01 61.92 ±33.11 63.71 ±24.26 50.93 

±22.59 <0.001 

p-value 0.430 0.933 0.730 0.468 

HBA1c% 

Normal 
weight 7.72 A ±.83 5.47 B ±.68 6.34 A ±.72 4.86 B ±.35 

5.48 B ±.47 
0.003 

Over weight 7.09 A ±.66 5.64 B ±.30 6.90 A ±.88 4.59 B ±.17 <0.001 
Obese 7.58 A ±.95 5.51 B ±.39 7.43 A ±.79 5.26 B ±.56 <0.001 
p-value 0.321 0.721 0.197 0.150 

Fasting 
blood 

glucose 
mg/dL 

Normal 
weight 

134.28 
±35.15 

168.51 
±67.16 198.07 ±43.89 166.50 

±56.15 
98.58 

C±17.37 

0.006 

Over weight 162.10 A 
±36.47 

161.99 A 
±38.10 

156.09 A 
±34.72 

235.69 B 
±26.58 <0.001 

Obese 148.32 
±32.45 

163.38 
±50.26 148.13 ±39.45 183.04 

±55.83 <0.001 

p-value 0.341 0.976 0.209 0.275 

Fasting 
blood 
insulin 

µIU/mL 

Normal 
weight 2.27 ±1.05 3.27 ±1.40 1.77 ±1.00 1.30 ±.60 

1.04 ±.40 
0.027 

Over weight 1.74 ±1.21 2.08 ±1.29 2.51 ±1.59 2.00 ±.91 0.135 
Obese 1.77 ±1.11 1.57 ±.88 1.59 ±.86 1.92 ±1.27 0.311 
p-value 0.635 0.043 0.436 0.772 

HOMA-IR 

Normal 
weight .77 ±.45 1.12 ±.46 .84 ±.52 .49 ±.07 

.26 ±.13 
0.004 

Over weight .69 ±.54 .84 ±.56 .91 ±.50 1.06 ±.46 0.022 
Obese .67 ±.48 .61 ±.41 .56 ±.31 .78 ±.46 0.057 
p-value 0.913 0.166 0.367 0.386 

Table 5: The correlation between osteopontin with glycemic profile parameters in all patients. 

Biomarkers HBA1c % FBS mg/dL FBI µIU/mL HOMA-IR 

Osteopontin ng/mL R-value 0.008 0.012 0.128 0.146 
P-value 0.945 0.914 0.259 0.196 

Table 6: Receiver Operating Characteristic (ROC) curve for osteopontin biomarker. 

Metric S.E. p-
value 

Asymptotic 95% 
Confidence Interval Cut-off 

point AUC Accuracy Specificity Sensitivity Lower 
Bound 

Upper 
Bound 

Osteopontin 
ng/mL .011 <0.001 .964 1.000 30.865 0.985 92% 100% 91% 

5 CONCLUSIONS 

This study demonstrated significantly increased 
serum osteopontin (OPN) levels in women with 
osteoporosis compared with healthy controls, 
indicating enhanced bone remodelling activity. 
Elevated OPN levels were observed regardless of 

menopausal status and diabetic condition, suggesting 
that OPN is closely associated with osteoporotic 
changes rather than metabolic alterations. 

No significant correlations were identified 
between OPN and glycemic parameters, including 
HbA1c, fasting blood glucose, fasting insulin, and 
HOMA-IR. These findings indicate that OPN may 
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reflect bone metabolic activity independently of 
glucose regulation and insulin resistance. 

ROC curve analysis demonstrated excellent 
diagnostic performance of OPN, supporting its 
potential value as a biomarker for osteoporosis 
detection. However, further investigations involving 
larger multicenter cohorts, longitudinal follow-up, 
and comparison with established bone turnover 
markers are necessary before its clinical application. 
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