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Abstract: 

 Osteoporosis is a common bone disease, especially in women after 

menopause and with aging, where bones become more fragile due to decreased 

density and structural changes. This condition is closely linked to a decline in 

estrogen levels, leading to accelerated bone loss due to an imbalance between 

bone-forming cells (osteoblasts) and bone resorbing cells (osteoclasts).With 

aging and the decline in estrogen levels after menopause, caused by the cessation 

of egg production in the ovaries, the production of inflammatory factors such as 

interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor (TNF) 

increases, while the level of the regulatory protein OPG decreases. This 

imbalance leads to higher bone turnover and osteoporosis. Additionally, it 

contributes to vascular calcification due to the increased activity of RANKL on 

bone and vascular cells.Objectives: Evaluate the differences in Osteoprotegerin 

(OPG) and Estradiol (E2) levels between Iraqi women with osteoporosis and 

those with osteopenia to determine the impact of these biomarkers on bone 

health.Method and patients: Three group in this study of population divided into 

patient group(n=39) seemingly healthy volunteers as control group ,Additionally, 

33 women   suffered from osteopenia and 34 women suffered from osteoporosis 

All participants underwent bone mineral density assessment using dual-energy 

X-ray absorptiometry.Medical examinations, including laboratory tests for 

women, were conducted at Al-Alwiya Hospital in Baghdad Province, in addition 

to other tests performed at Al-Wasiti teaching  Hospital. Results: The DEXA 
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outcomes revealed osteopenia patients had a higher mean age (49.6 ± 14.17 

years) than the control group (42.25 ± 13.13 years), while osteoporosis patients 

were the oldest (57.47 ± 11.28 years, p = 0.015). Osteoprotegerin levels were 

highest in the control group (6.47 ± 1.69 ng/ml) and significantly lower in 

osteopenia (5.56 ± 1.91 ng/ml, p = 0.036) and osteoporosis patients (4.85 ± 1.46 

ng/ml, p < 0.001). The decline in osteoprotegerin was more pronounced between 

healthy individuals and osteopenia patients, while the difference between 

osteopenia and osteoporosis patients was not significant (p = 0.089). Conclusion: 

Aging is associated with decreased OPG and estradiol levels, leading to bone 

imbalance and increased loss. The significant decline from osteopenia to 

osteoporosis highlights the crucial role of hormonal disturbances in disease 

progression. 

Keywords: Osteoprotegerin , Estradiol, DEXA, Osteopenia, Osteoporosis. 

Introduction 

Osteoporosis is a prevalent and serious bone disease, particularly affecting 

postmenopausal women. It is characterized by a decrease in bone mineral density 

and alterations in bone structure, leading to increased bone fragility and a higher 

risk of fractures. Women over the age of 50 are particularly susceptible to 

osteoporosis, primarily due to a decline in estrogen levels after menopause [9]. 

This hormonal deficiency accelerates bone loss by disrupting the balance 

between osteoclast-mediated bone resorption and osteoblast-mediated bone 

formation [18]. As a result, the imbalance between these two processes 

contributes to the progression of osteoporosis and the increased risk of fractures 

[6]. 

Osteoprotegerin (OPG) is a soluble glycoprotein, also known as Tumor Necrosis 

Factor Receptor Superfamily Member 11B (TNFRSF11B) or Osteoclastogenesis 

Inhibitory Factor (OCIF). It functions as a decoy receptor for the Receptor 

Activator of Nuclear Factor Kappa-B (RANK), playing a vital role in regulating 

bone resorption by inhibiting osteoclast differentiation and activity [5,8]. OPG is 

expressed in various tissues, including bone cells, vascular cells, lungs, and skin. 

It is considered an anti-resorptive factor because it neutralizes RANKL, a 

cytokine that strongly suppresses osteoclast activity, thereby inhibiting bone 

resorption [11]. 

The OPG/RANKL system is crucial in regulating mineral metabolism in both 

bone and vascular tissues. While RANKL promotes bone resorption and vascular 

calcification, OPG inhibits bone resorption and has a protective effect on bone 

integrity. This regulatory mechanism is essential for maintaining bone health and 

preventing excessive bone loss [8,13]. 
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Estrogen, a key hormone in women‟s health, plays a significant role in regulating 

OPG expression. By increasing OPG production in osteoblasts, estrogen 

suppresses osteoclastogenesis and enhances bone formation [3,18]. Additionally, 

estrogen contributes to calcium absorption, further supporting bone health [14]. 

Given that estrogen receptors are highly expressed in bone cells, estrogen 

binding to these receptors stimulates the expression of interleukin-1 (IL-1), 

insulin-like growth factor (IGF-1), and transforming growth factor (TGF-β), 

while simultaneously suppressing RANKL activity. This cascade of events 

results in the inhibition of osteoclast formation and bone resorption [8,19]. 

Experimental Section 

Provide sufficient detail to allow the work to be reproduced, including Materials, 

Instrumentation, and procedures. 

Materials 

 An analytical study was carried out among Iraqi female participants 

selected through successive sampling from Alawiya Educational and AL-wasiti 

teaching Hospitals in Baghdad . 106 individuals participated in this research , 

three group included in this study consisting of 39  apparently healthy patients 

were considered to represent control group , 33 female suffered from osteopenia 

and 34 suffered from osteoporosis .Patient demographic ,including age, weight 

and height was collected from self-reported entries in questionnaire filled out at 

the time of DEXA machine .  

Instrumentation 

 The patient group had been previously diagnosed with osteoporosis using 

a DEXA machine to measure bone mineral density. All blood samples were 

tested for estradiol (E2) and osteoprotegerin (OPG) levels, with OPG levels 

determined using the ELISA technique. 

Procedure 

 A 5 ml blood sample was collected from women, and venous blood from 

each individual was stored at -20°C for analysis. All data were statistically 

analyzed using SPSS version 19. 

Results And Discussion 

It found that the value of mean age of osteopenia patients (49.6 ± 14.17 years) 

was higher than that of the control group (42.25 ± 13.13 years).Also found 

osteoporosis patients had higher mean age (57.47 ± 11.28 years) compared to the 

control group. Additionally, osteoporosis patients were significantly older than 

osteopenia patients (p = 0.015).As shown in table (1) and fig (1). 
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Table (1): Comparison of age a mong control, osteopenia, and osteoporosis 

groups. 

The control group exhibited the highest level of osteoprotegerin, with a mean of 

6.47 ± 1.69 ng/ml, indicating a well-balanced bone remodeling process in 

healthy individuals. In contrast, the mean osteoprotegerin level in osteopenia 

patients was 5.56 ± 1.91 ng/ml, which was significantly lower than in the control 

group (p = 0.036). This suggests a disruption in the balance between bone 

resorption and formation in this group of patients.For osteoporosis patients, 

osteoprotegerin levels were the lowest, with a mean of 4.85 ± 1.46 ng/ml. When 

compared to the control group, this difference was highly significant (p < 0.001), 

confirming a marked decline in the body's ability to regulate bone remodeling as 

the disease progresses. However, when comparing osteoprotegerin levels 

between osteopenia and osteoporosis patients, the difference was not statistically 

significant (p = 0.089). This indicates that the decline in osteoprotegerin levels is 

more pronounced between healthy individuals and those with osteopenia, 

whereas the reduction is less sharp as the disease advances from osteopenia to 

osteoporosis.shown at table(2) and figure (2). 

 

 

 

 

 

 

 

 

 

Groups 

Parameter p-value 

Age(year) 

(Mean SD) 

Control, 

N=39 
Osteopenia 

patients, N=33 

Osteoporosi

s patients, 

N=34 

Control 
42.25±13.1

3 
 0.024

*
 < 0.001

**
 

Osteopenia 

Patients 

49.6± 

14.17 
0.024

*
  0.015

*
 

Osteoporosis 

Patients 
57.47±11.8 <0.001

**
 0.015

*
 

 

*Significant at P≤ 0.05, **Highly significant P< 0.001, NS: Non-Significant. 
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Table(3) and figure (3)  demonstrate significant differences in estradiol levels 

among the three study groups: the control group (healthy individuals), osteopenia 

patients, and osteoporosis patients.The control group exhibited an average 

estradiol level of 73.24 ± 68.8 pg/ml, which was considerably higher compared 

to the patient groups. In contrast, osteopenia patients had a significantly lower 

mean estradiol level of 11.26 ± 18.01 pg/ml, showing a highly significant 

difference (p < 0.001) compared to the control group.  

Table (3):The Impact of Declining Estradiol Levels on the Progression of 

Osteopenia and Osteoporosis 

Groups 

Parameter p-value 

Estradiol 
(pg/ml) 

(Mean ± SD) 

Contro

l, N=39 
Osteopenia 

patients, N=33 

Osteoporosi

s patients,  

N=34  

Control 73.245 ± 68.8  < 0.001
**

 < 0.001
**

 

OsteopeniaPatien

ts 
11.26 ± 18.01 

< 

0.001
**

  

                  

0.029
*
 

Osteoporosis 

Patients 
4.31 ± 2.20 

< 

0.001
**

 

                

0.029
*
  

*Significant at P≤ 0.05, **Highly significant P< 0.001, NS: Non-Significant. 

           For osteoporosis patients, estradiol levels were even lower, with a mean 

of 4.31 ± 2.20 pg/ml. When compared to the control group, this difference was 

highly significant (p < 0.001), confirming a sharp decline in estradiol levels 

among osteoporosis patients.Furthermore, the comparison between osteopenia 

and osteoporosis patients revealed a statistically significant difference (p = 

0.029), indicating that estradiol levels continue to decrease as the condition 

progresses from osteopenia to osteoporosis. 

Table (2):  "Osteoprotegerin Levels in Different Patient Groups and Statistical Significance Values 

Groups 

Parameter p-value 

Ostoprotogren 

(ng/ml) 

Mean ± SD) 

Control, N=39 
Osteopena 

patients, N=33 

Osteoporosis patients, 

N=34 

Control 6.473 ± 1.69  0.036
*
 < 0.001

**
 

Osteopenia Patients 5.56 ± 1.912 0.036
*
 

 
0.089 

Osteoporosis Patients 4.85 ± 1.46 <0.001
**

 0.089 
 

*Significant at P≤ 0.05, **Highly significant P< 0.001, NS: Non-Significant. 
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Fig(1): Statistical comparison of age across study groups (control, 

osteoporosis, and osteopenia). 
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Fig(2): "Comparison of Osteoprotegerin Levels Among Control, 

Osteopenia, and 
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Fig (3): The Role of Estradiol Decline in the Development and Progression 

of Osteopenia and Osteoporosis. 

 

Discussion  

According to table (1) and figure(1) the mean age of osteopenia patients  was 

significantly higher than that of the control group  (p = 0.024) and osteoporosis 

patients had a significantly higher mean age compared to the control group, with 

a highly significant difference (p < 0.001),While osteoporosis patients were 

significantly older than osteopenia patients (p =0.015).These results indicate a 

progressive increase in age across the groups, with osteoporosis patients being 

the oldest, followed by osteopenia patients, and then the control group because 

of decreased bone formation rate with aging, the activity of osteoblasts declines, 

leading to bone loss occurring at a faster rate than bone formation[6].The 

findings of this study highlight a progressive decline in osteoprotegerin (OPG) 

levels as bone health deteriorates from a normal state to osteopenia and 

eventually to osteoporosis. Osteoprotegerin is a key regulator of bone 

remodeling, acting as a decoy receptor that inhibits receptor activator of nuclear 

factor kappa-Β ligand (RANKL), thereby preventing excessive bone 

resorption[5,11]. The observed reduction in OPG levels suggests a disruption in 

this regulatory mechanism, contributing to increased bone loss[8].The control 

group exhibited the highest mean OPG levels (6.47 ± 1.69 ng/ml), indicating a 

well-maintained balance between bone formation and resorption. This supports 

the role of OPG in preventing excessive osteoclast activation, thereby preserving 



  مجلة كلية التربية الاساسية
 الجامعة المستهصرية –كلية التربية الاساسية 

                              

Journal of the College of Basic Education Vol.31 (NO. 132) 2025, pp. 79-68 

                                                              

 August  )0207(  آب                                         الاساسية التربية كلية مجلة

86 
                                                                                                                            

 

 

bone density and structural integrity [19]. While in osteopenia patients, OPG 

levels were significantly lower (5.56 ± 1.91 ng/ml) compared to the control 

group (p = 0.036). This suggests the early disruption of bone homeostasis, where 

the inhibition of osteoclast activity by OPG becomes less effective, leading to 

gradual bone loss [11]. The significant difference between these two groups 

implies that changes in OPG levels could serve as an early biomarker for bone 

deterioration before osteoporosis develops. But Osteoporosis patients had the 

lowest OPG levels (4.85 ± 1.46 ng/ml), with a highly significant difference 

compared to the control group (p < 0.001). This indicates a severe imbalance 

favoring bone resorption over bone formation, accelerating bone loss and 

increasing fracture risk [9,14]. The drastic reduction in OPG suggests that 

osteoclastic activity is no longer effectively regulated, leading to the structural 

weakening of bones. However, when comparing OPG levels between osteopenia 

and osteoporosis patients, the difference was not statistically significant (p = 

0.089). This may indicate that while OPG levels drop significantly during the 

early stages of bone loss, other mechanisms, such as hormonal changes (e.g., 

estrogen deficiency) and inflammatory cytokines, may play a more dominant 

role in the progression from osteopenia to osteoporosis[8,22]. Based on table (3) 

reveal a marked decline in estradiol levels among individuals with osteopenia 

and osteoporosis compared to the healthy control group. Estradiol plays a critical 

role in preserving bone density by inhibiting bone resorption and promoting bone 

formation [18]. Consequently, a substantial reduction in its levels may serve as a 

key contributor to the pathogenesis of bone disorders[17].These results are 

consistent with previous research indicating that estrogen deficiency, particularly 

in postmenopausal women, is a major determinant of bone mass loss and an 

increased risk of fractures[9]. Estrogen regulates osteoclast activity, and its 

decline leads to an acceleration of bone resorption, ultimately compromising 

bone integrity [14,18]. Moreover, the significantly lower estradiol levels 

observed in osteoporosis patients compared to those with osteopenia (p = 0.029) 

suggest a progressive hormonal decline as the disease advances. This supports 

the hypothesis that estradiol deficiency is not only implicated in the development 

of osteopenia but also plays a pivotal role in its progression to osteoporosis 

[3,17]. 

Conclusion 

          Aging is associated with decreased OPG and estradiol levels, leading to 

bone imbalance and increased loss. The significant decline from osteopenia to 

osteoporosis highlights the crucial role of hormonal disturbances in disease 

progression. 
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مقارنة مستويات أوستيوبروتيغريو وإستراديول لدى الهساء العراقيات المصابات بهصاشة العظام 

  والهساء المصابات بهقص كثافة العظام

الكلنات المفتاحية:  نقص  (DEXA) أوستيوبيروجيريو، إستراديول، قياس كثافة العظام

 الكتلة العظنية، هصاشة العظام

 

 ختام جابر وبهان عامر حسه عبذالله ادمحمذ عامر جه
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 مستخلص البحث>

حؼُذ هشاشت انؼظاو يٍ الأيشاض انشائؼت انخٍ حصُب انؼظاو، خاصت نذي انُساء بؼذ اَقطاع انطًذ        

ويغ انخقذو فٍ انؼًش، حُذ حصبح انؼظاو أكزش هشاشت َخُضت لاَخفاض انكزافت وانخغُشاث انبُُىَت. وحشحبػ 

ا ورُق ا باَخفاض يسخىَاث هشيىٌ الإسخشوصٍُ، يًا َؤدٌ إنً حساسع فقذاٌ انؼظاو هزِ انحانت اسحباغ  

 وانخلاَا انهاديت نهؼظى (Osteoblasts)َخُضت نخهم فٍ انخىاصٌ بٍُ انخلاَا انباَُت نهؼظى 

(Osteoclasts).  ٍويغ انخقذو فٍ انسٍ واَخفاض يسخىَاث الإسخشوصٍُ بؼذ اَقطاع انطًذ، انُاحش ػ

-وإَخشنىكٍُ (IL-1) 1-َخاس انبىَعاث فٍ انًباَط، َضداد إَخاس انؼىايم الانخهابُت يزم إَخشنىكٍُحىقف إ

6 (IL-6) وػايم َخش انىسو (TNF)بًُُا َُخفط يسخىي بشوحٍُ انخُظُى ، OPG.  ًَؤدٌ هزا انخهم إن

ا فٍ حكهس الأوػُت ا نذيىَت َخُضت صَادة صَادة يؼذل حبذل انؼظاو وحذود هشاشت انؼظاو، كًا َسُهى أَع 

  .ػهً خلاَا انؼظى والأوػُت انذيىَت RANKL َشاغ
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 :الأهذاف
بٍُ انُساء انؼشاقُاث  (E2) وإسخشادَىل (OPG) حقُُى انفشوقاث فٍ يسخىَاث أوسخُىبشوحىصُشٍَ

نخحذَذ حأرُش هزِ انؼلاياث  (Osteopenia) انًصاباث بهشاشت انؼظاو وانًصاباث بُقص انكخهت انؼظًُت

  .ىَت ػهً صحت انؼظاوانحُ

  :الطريقة والمرضى
، بالإظافت إنً (n=39) حعًُج انذساست رلاد يضًىػاث يٍ انسكاٌ، شًهج يضًىػت انًشظً

 34ايشأة يصابت بُقص انكخهت انؼظًُت و 33يخطىػاث سهًُاث ظاهشَ ا كًضًىػت ظابطت. كًا شًهج 

كزافت انًؼادٌ فٍ انؼظاو باسخخذاو حقُُت الأشؼت ايشأة يصابت بهشاشت انؼظاو. خعغ صًُغ انًشاسكٍُ نخقُُى 

 .(DEXA)  انسُُُت رُائُت انطاقت

أصُشَج انفحىصاث انطبُت، بًا فٍ رنك انخحانُم انًخخبشَت نهُساء، فٍ يسخشفً انؼهىَت بًحافظت بغذاد، 

  .بالإظافت إنً اخخباساث أخشي أصُشَج فٍ يسخشفً انىسُػ انخؼهًٍُ

 :الىتائج

 ± 49.6أٌ يخىسػ انؼًش نذي يشظً َقص انكخهت انؼظًُت كاٌ أػهً ) DEXA أظهشث َخائش فحص

سُت(، فٍ حٍُ كاٌ يشظً هشاشت انؼظاو  13.13±  42.25سُت( يقاسَت  بانًضًىػت انعابطت ) 14.17

كاَج يسخىَاث أوسخُىبشوحىصُشٍَ الأػهً فٍ  .(p = 0.015سُت،  11.28 ± 57.47) الأكبش سُ ا

 َاَىغشاو/يم( وأقم بشكم يهحىظ نذي يشظً َقص انكخهت انؼظًُت 1.69±  6.47ًىػت انعابطت )انًض

 ويشظً هشاشت انؼظاو (p = 0.036َاَىغشاو/يم،  1.91 ± 5.56)

ا بٍُ   .(p < 0.001َاَىغشاو/يم،  1.46 ± 4.85)  كاٌ الاَخفاض فٍ أوسخُىبشوحىصُشٍَ أكزش وظىح 

كخهت انؼظًُت، بًُُا نى َكٍ انفشق بٍُ يشظً َقص انكخهت انؼظًُت الأفشاد الأصحاء ويشظً َقص ان

  .(p = 0.089)وهشاشت انؼظاو را دلانت إحصائُت 

 :الاستىتاج
والإسخشادَىل، يًا َؤدٌ إنً اخخلال انخىاصٌ انؼظًٍ  OPG َشحبػ انخقذو فٍ انسٍ باَخفاض يسخىَاث

انكخهت انؼظًُت إنً هشاشت انؼظاو إنً انذوس  وصَادة انفقذ انؼظًٍ. َشُش الاَخفاض انًهحىظ يٍ َقص

  .انحاسى نلاظطشاباث انهشيىَُت فٍ حطىس انًشض

 

 

 


