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Abstract 

Osteoporosis is a pathological condition that results from a disruption in the dynamic balance of bone remodeling, 

involving complex interactions between resorption and formation markers at the cellular level. These interactions 

are influenced by various molecular and hormonal factors, ultimately leading to an increased rate of bone resorption 

that surpasses bone formation. The assessment of bone turnover markers is considered a critical tool in the 

management and monitoring of patients with osteoporosis. Among the established biochemical indicators, bone-

specific alkaline phosphatase (B-ALP) and osteopontin (OPN) serve as reference markers for bone formation and 

resorption. The present study was conducted on postmenopausal women diagnosed with osteoporosis in Basrah 

Province, Iraq. This study set out to examine the correlation between osteoporosis and blood concentrations of two 

important biomarkers, bone alkaline phosphatase (B-ALP) and osteopontin (OPN), in women who had just gone 

through menopause. After menopause, 80 blood samples were taken from women: 55 from those who had 

osteoporosis and 25 from those who were considered healthy. Patient samples were also distributed into two 

categories depending on age and disease severity. The results of the statistical analysis showed that compared to 

healthy persons, osteoporotic patients had significantly higher levels of osteopontin (P < 0.001). In addition, the T-

test revealed that the serum B-ALP concentration was significantly lower in the osteoporotic group than in the 

control group. The results of this research indicate that changes in the blood levels of B-ALP and OPN are important 

for postmenopausal women to be able to recognise and track the course of osteoporosis early on. These findings 

support the potential use of B-ALP and OPN as early biochemical indicators for monitoring postmenopausal 

osteoporosis.Keywords: Osteoporosis, osteopontin, bone alkaline phosphatase, bone biomarkers. 
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Introduction 

Osteoporosis is a chronic systemic bone 

disease characterized by decreased bone 

mass and mineral density. This causes 

deterioration in the microarchitecture of 

bone tissue. It is most common in older 

people, especially in postmenopausal 

women. It affects a large number of women 

worldwide after menopause [1]. Bone loss 

accelerates in postmenopausal women due 

to decreased estrogen secretion. This, in 

turn, stimulates the death of osteoblasts and 

increases the activity of osteoclasts, leading 

to the development of the disease [2]. 

Osteoporosis is a complex, silently 

developing disease. It is caused by the 

interaction of genetic, environmental, and 

physiological factors [3]. Osteoporosis is 

one of the diseases that significantly impacts 

an individual's health. Sources indicate that 

it is a risk factor for cardiovascular disease 

[4]. 

The dynamic nature of bone results in the 

continuous release of biomarkers, which are 

released from bone turnover into the 

bloodstream. These biochemical or cellular 

compounds are produced during bone 

resorption or formation [5]. These 

biomarkers provide sensitive and accurate 

information for understanding bone 

metabolic dynamics. They are essential for 

early diagnosis and prognosis of disease, as 

well as for monitoring response to treatment. 

They differ from and often complement 

bone mineral density measurements [68 ؛7؛].   

Bone alkaline phosphatase (B-LAP) is a 

glycoprotein found in bone tissue. It is 

outside the osteoblast cell membrane [910؛]. 

ALPL produces human nonspecific tissue 

alkaline phosphatase. The enzyme requires 

two Zn+2 ions, one Mg2+ ion, and one Ca2+ 

ion [11]. Osteoblasts make b-ALP. It 

promotes mineralization, which is essential 

to bone development. It binds phosphate and 

calcium to form hydroxyapatite crystals, 

which pile up between collagen fibers to 

mineralize bone [12].  This enzyme breaks 

down the bone mineral surface 

pyrophosphate. It reduces calcium and 

phosphate deposition on this surface, 

preventing mineral formation [13]. Keeping 

an eye on serum ALP levels may help find 

bone metabolic problems like osteoporosis 

early on [9]. 

Osteopontin is a phosphoprotein that is quite 

acidic. The SPP1 gene makes the protein. 

Thrombin cuts a part of OPN, which makes 

it active. [14] It has 314 amino acids in it 



Nayef & Kata, 12,1(75-89), 2026 

77 

[15]. There are around 2% of non-

collagenous proteins that are OPN [16]. 

Both osteoblasts and osteoclasts release 

OPN, and it builds up on the surfaces of 

bones [17]. This protein binds to and holds 

osteoclasts to the bone surface, which helps 

them do their job. When this protein binds to 

the integrin receptors αvβ3 integrin and 

CD44 on the surface of osteoclasts, it sends 

a cascade of signals within the cell that 

make the conditions right for bone 

resorption to begin [18]. Osteopontin has 

also been proven to bind calcium ions, 

which stops hydroxyapatite crystals from 

growing. This stops the process of minerals 

forming in bones [1920؛]. High serum OPN 

levels imply that bone mineral density is 

poor. It represents an important risk factor 

that is positively associated with the severity 

of postmenopausal osteoporosis [2122؛]. 

The current study aimed to evaluate the 

physiological levels of two biomarkers 

associated with bone metabolism and their 

metabolic relationship with osteoporosis. 

Materials and Methods 

The study was conducted from November 

2024 to February 2025. Eighty serum 

samples were collected from women, 

divided into two groups: healthy women and 

women with osteoporosis, at Al-Zahraa 

Specialised Centre for Bone 

Densitometry/Ibn Al-Bitar Private 

Hospital/Basrah Governorate. Their bone 

density was determined using a Lunar 

Prodigy (version 16) DEXA (USA) scanner. 

A specialist physician diagnosed the women 

with osteoporosis. A questionnaire was 

developed to collect data related to the study 

sample, and diseases that may cause changes 

in bone metabolism were excluded. 

Patient Group 

This group included 55 women with 

osteoporosis but no other diseases. Their 

ages ranged from 50 to 72 years. The body 

mass index (BMI) of osteoporosis patients 

was 28.2 kg/m2. The patient group was 

divided into two age groups. The first group 

included 24 women aged 50-60 years. The 

second group included 31 women aged 61-

72 years. The female patient samples were 

also classified into two groups based on 

disease severity. The first group included 34 

serum samples from women who had mild 

osteoporosis. The T-score was between (-
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2.5) and (-2.8). The second group included 

21 blood samples from women with severe 

osteoporosis. The T-score was between (-

2.9) and (-5.7). 

Healthy Women Group 

This group included 25 healthy women 

without osteoporosis or other diseases. Ages 

ranged from 51 to 63. The healthy group's 

BMI was 27.3 kg/m2. 

Serum Sample Preparation 

Between 8:00 and 9:00 a.m., 5 ml of blood 

was drawn from the ulnar vein. Blood was 

then placed in gel tubes and left at room 

temperature for 30 minutes. Serum was 

extracted by centrifuging the samples at 

3,500 rpm for 10 minutes. A micropipette 

removed serum, which was split into 1.5 ml 

Eppendorf tubes. After being stored in a 

deep freezer at -80°C, they were thawed 

before testing. 

Estimating the concentration of 

biomarkers in the serum of women with 

osteoporosis and healthy women 

For this immunological approach, a 

German-made ELISA reader was employed. 

The test kits, supplied by the Chinese 

company Elabscience, were used to 

determine biomarker concentrations in the 

blood serum of healthy and postmenopausal 

women. Both osteopontin and alkaline 

phosphatase were indicators. The technique 

was based on the data sheet provided with 

each kit. To test each material's optical 

density (OD), the spectrophotometer was 

adjusted to 450 nm. 

Statistical Analysis 

The results were analyzed using SPSS 

version 21. To analyze the results, a t-test 

was conducted with a significance level of 

(P≤ 0.01). SD was used to assess data. 

Results 

The study found that the experimental group 

had significantly lower B-ALP levels than 

the control group (P<0.001). Osteoporosis 

patients had serum values of 3169.84 

ng/mL, compared to 4035.75 ng/mL in 

healthy women. There were no discernible 

variations in B-ALP levels among age 

groups or disease severity categories, as 

shown in Table 1. 

Furthermore, the statistical analysis 

demonstrated a statistically significant 

difference at the probability level (P<0.00) 

in the levels of osteopontin protein (OPN) in 

the blood serum of women with osteoporosis 

(6.39), compared to healthy women (4.10). 

Statistical examination of serum 
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osteoporosis patients did not reveal any 

significant differences in disease severity 

between the two age groups (Table 2). 

 

Table 1. Estimated serum alkaline phosphatase (ALP B) concentration (pg/ml) 

 

Variables 
Number of 

samples 

Mean ± Standard 

Deviation 

P. Value 

 

Healthy group 
25 

a 4035.75 

379.84 ± 

 

0.000 

Osteoporosis  group 
55 

b 3169.84 

635.97 ± 

First age group 

50-60 years 
24 

3396.89a 

±554.38 

 

 

0.379 Age Group 2 

61-72 years 
31 

3252.12a 

± 655.48 

Moderate intensity 

-2.5 to -2.8 
34 

3400.94a 

± 676.56 

 

 

 

0.192 

 
High intensity 

-2.9 to -5.7 
21 

3176.63a 

± 566.95 

 

 

Different letters indicate a significant difference at the probability level of P≤ 0.05. 

 

 

 

 



Nayef & Kata, 12,1(75-89), 2026 

80 

Table 2. Estimated serum osteopontin (OPEN) protein concentration (ng/ml) 

Variables 
Number of 

samples 

Mean ± Standard 

Deviation 

P. Value 

 

Healthy group 25 
4.10b 

1.15 ± 

 

 

0.000 

 

Osteoporosis group 

 

55 
      6.39a           

± 78.1  

First age group 

50-60 years 
24 

 a5.61 

1.46   ± 

 

0.571 

Age Group 2 

61-72 years 
31 

5.83a  

±1.40 

Moderate intensity 

-2.5 to -2.8 
34 

a5.48 

1.18± 

 

 

0.102 High intensity 

-2.9 to -5.7 
21 

 a6.14 

1.53± 

 

Different letters indicate a significant difference at the probability level of P≤ 0.05. 

Discussion 

The study found that osteoporosis patients 

had considerably lower serum alkaline 

phosphatase levels than healthy controls 

[23].  Observed that osteoporosis patients 

had lower b-ALP levels, supporting our 

results. Low vitamin D and calcium 

insufficiency limit enzyme activity, which 

lowers bone mineral density and induces 

osteoporosis and bone mass loss [24]. 

Hypocalcemia and low ALP may occur 

together. Calcium is essential to bone 

microstructure. This ion has enzyme 

properties and is the main molecule in 

hydroxyapatite crystal formation. 

Chemically, enzymes have numerous Ca2+, 

Mg2+, and Zn2+ binding sites. Minerals 

regulate enzyme activity, structure, and 

function [25]. Reduced calcium and mineral 

availability reduce osteoblast activity. Poor 

enzyme production and reduced levels 

ensue. According to [2627؛]. This increases 

bone resorption, which decreases 

mineralisation and bone mass and density, 

producing osteoporosis. 
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Zinc (Zn2) reduces bone density and 

promotes bone health. Ions that cofactor the 

B-ALP enzyme include it. Low zinc levels 

may cause serum alkaline phosphatase 

levels to decline, according to [28]. 

Alkaline phosphatase levels may have 

decreased due to the accumulation of 

inorganic pyrophosphate (PPi) molecules, 

which are not being broken down, resulting 

in a higher concentration. PPi suppresses 

mineralisation and hydroxyapatite crystal 

formation, which are necessary for bone 

growth, by competing with Pi on calcium 

molecules. Their deposition between 

collagen fibers is prevented [2930؛]. The 

main purpose of the β-ALP enzyme is to 

break down pyrophosphate molecules. 

Increased PPi levels in bone tissue surpass 

the enzyme β-ALP's decomposition 

capacity. This activates osteoclasts and 

inhibits osteoblasts. Reduced β-ALP 

production leads to osteoporosis [3132؛]. 

As for the effect of age on alkaline 

phosphatase concentration, the study results 

showed no significant differences in enzyme 

concentration in the postmenopausal stage 

between the two age groups (the first group 

was 50-60 years old and the second group 

was 61-72 years old). This result may be 

explained by a decrease in sex hormone 

levels in both groups, as these changes occur 

early after menopause. It may also be due to 

the similarity of lifestyles, which may be 

similar between individuals in both groups 

in terms of environmental and nutritional 

factors. 

Regarding the effect of disease severity on 

serum alkaline phosphatase levels in women 

with osteoporosis, no significant differences 

were observed between moderate and high 

disease severity. The results indicate that 

changes in disease severity stages do not 

lead to a clear change in b-ALP enzyme 

activity. This indicator may be insensitive to 

the degree of disease severity. It cannot be 

used to assess the progression of the disease. 

The current results are consistent with the 

results of the study by [33]. 

The study results also revealed a significant 

increase in osteopontin protein 

concentrations in osteoporosis patients 

compared to healthy controls. This research 

matches. [34] Women with osteoporosis 

showed reduced bone mineral density and 

increased blood osteopontin [3536؛]. 

OPN stimulates bone resorption in 

postmenopausal women; therefore, bone 

abnormalities and diseases may cause 

elevated hormone levels. Another function 

of this protein is to inhibit mineralisation 
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and hydroxyapatite crystal formation [37؛ 

 .[38؛22

Healthy women with normal blood 

osteopontin protein levels may have lower 

levels than people living with osteoporosis 

because they overexpress the protein. This is 

due to its positive connection with the 

disease [39]. Found that women who create 

too much OPN are more likely to degenerate 

due to menopause-induced bone mineral 

density loss. 

Inflammation-induced hyaluronic acid (HA) 

increases may produce osteopontin mRNA 

overexpression in OA joints. The presence 

of these inflammatory stimuli and the 

accumulation of HA molecules thus induce 

osteopontin overexpression in some women. 

This may explain the discrepancy in OPN 

levels between osteoporotic patients and 

healthy postmenopausal controls [4041؛].  

Elevated serum OPN levels may also be due 

to the interaction of gut microbes with the 

immune system following estrogen decline. 

Gut microbes regulate the inflammatory 

responses resulting from decreased sex 

hormones. This exacerbates bone loss. Sex 

hormone deficiency combined with 

microbial influences increases intestinal 

permeability, expands Th17 cells, and 

increases the production of the cytokines 

TNFα, RANKL, and IL-17 in the gut and 

bone marrow. This stimulates osteoclast 

activity. These, in turn, increase the 

expression of osteopontin and cause 

osteoporosis. However, in the absence of gut 

microbes, decreased hormones do not lead 

to a similar response, meaning that bones are 

protected from mineral loss resulting from 

sex hormone deficiency. This indicates the 

effective role of microbes in stimulating 

inflammatory pathways, which are a key 

factor in activating bone loss [4244؛43؛]. 

Psychological stress, chronic tension, and 

depression in patients are also likely to 

affect multiple body systems, including the 

skeletal system and the sympathetic nervous 

system. These conditions result in increased 

nervous system stimulation, which in turn 

activates the OPN protein synthesis 

mechanism, thereby affecting the skeletal 

system. The relationship between these 

diseases and bone health can be explained 

through two physiological and behavioral 

systems. Physiological changes include 

endocrine changes, such as increased levels 

of thyroid hormone and prolactin, and 

increased levels of cortisol, which inhibit 

bone formation. Behavioral changes, such as 

altered lifestyle, physical inactivity, and 

poor nutrition, also affect skeletal health. 

Therefore, depression may be a cause of 
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osteoporosis and the stimulation of catabolic 

markers [4548؛47؛46؛]. 

There were no statistically significant 

changes in protein concentration between 

the two patient age groups when it came to 

the impact of age on osteopontin levels. The 

fact that there is no discernible correlation 

between age and OPN protein content may 

account for this finding. Consistent with 

research [49]. Blood protein levels in 

osteoporosis patients rise over the age 

spectrum. 

Regarding the effect of disease severity on 

osteopontin concentrations in patients, the 

current results revealed no statistically 

significant differences in OPN protein levels 

between women with moderate and severe 

osteoporosis. Osteopontin-producing cells 

may be sensitive to changes in disease 

severity, producing equal concentrations of 

OPN, which is why no significant difference 

was observed between the two severity 

levels. 

Conclusion 

The elevated serum concentration of the 

biomarker osteopontin and the markedly 

decreased concentration of the bone-

regenerating enzyme alkaline phosphatase 

may indicate the causes of disturbances in 

bone resorption and bone formation, 

resulting in osteoporosis in women. These 

biomarkers may serve as reliable 

biochemical tools for early diagnosis and 

effective monitoring of osteoporosis 

progression in postmenopausal women. 
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بعد سن اليأس المصابات والفوسفاتيز القلوي العظمي كعلامات استقلابية لدى النساء   وستيوبونتينلال يالفسيولوجالتقييم 

 بهشاشة العظام 

 صابرين مالك نايف1, فارس شاكر كاطع1 

 1 قسم علوم الحياة /كلية التربية للعلوم الصرفة/ جامعة البصرة- العراق 

 الخلاصة:  

تفاعلات معقدة بين وتتضمن  ،لإعادة تشكيل العظام خلل في التوازن الديناميكي  عن تجية تنمرضحالة  هشاشة العظام 

 ،مختلفة بعدة عوامل جزيئية وهرمونيةهذه التفاعلات تأثر تعلى المستوى الخلوي  التكوين متصاص ومؤشراتمؤشرات الا

 حاسمةأداة  دوران العظام علامات يمقيتيعُد  .تكوينها ما يتجاوز معدل العظام بمعدل ارتشاف  إلى زيادةفي النهاية مما يؤدي 

ي القلو الفوسفاتيزانزيم  يعُدالتي تم اعتمادها، الكيميائية الحيوية المؤشرات  من بينومرضى هشاشة العظام.  راقبةفي ادارة وم

الدراسة على هذه أجُريت  .مرجعية لتكوين العظام وامتصاصهاعلامات  بمثابة  (OPN) الأوستيوبونتينو (B-ALP) العظمي

 فحص العلاقةالدراسة الى هذه العراق. وقد هدفت -محافظة البصرةفي بعد انقطاع الطمث مُشخصات بهشاشة العظام، النساء 

-Bone-Alkaline phosphatase (Bي العظميالفوسفاتيزالقلوانزيم  حيويينالمؤشرين كيز الاتربين هشاشة العظام و

ALP) الأوستيوبونتين وOsteopontin (OPN)  عينة دم من النساء بعد سن  80. جمعت بعد انقاع الطمثالنساء في مصل

كما وتم توزيع عينات  عينة مصل لنساء سليمات، 25عينة مصل لِنساء يعانين من هشاشة العظام و 55اليأس ، أذ قسُمت الى 

أظهرت نتائج التحليل الاحصائي حصول ارتفاع معنوي في تركيز .  المرضى الى فئتين اعتماداً على العمر والشدة المرض

في مجموعة  النساء المرضى بهشاشة العظام مقارنةً بمجموعة  (P<0.001)  عند مستوى احتمالية الأوستيوبونتين بروتين

النساء المرضى بالهشاشة  مصل  في B-ALP كما لوحظ حدوث انخفاض معنوي ملحوظ في تركيز انزيم النساء الأصحاء.

في شرين الحيويين ى المؤمستوفي  الاضطراب ان نستنتج من الدراسة الحالية.   T-testمقارنةً بالنساء الاصحاء وفقاً لاختبار 

الكشف عن مرض الهشاشة  دورًا هامًا في  وفي مرحلة سن اليأس العظاماللاتي يعانين من هشاشة مصل الدم لدى النساء  

التغيرات في مستويات الدم  هذا البحث إلى أنتشير نتائج  .ه وله وارتباط ايضي وثيق بين المرض والمؤشراتتطورومتابعة 

مهمة للنساء بعد انقطاع الطمث لتكون قادرة على التعرف على مسار هشاشة العظام وتتبعه في وقت  B-ALPو  OPNمن 

قبة مرض هشاشة كمؤشرات كيميائية حيوية مبكرة لمرا B-ALPو  OPNمبكر وتدعم هذه النتائج الاستخدام المحتمل لـ 

 العظام بعد انقطاع الطمث. 
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