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Abstract---Background: osteoporosis is characterized by a reduction 

in bone mineral density, skeletal microstructure breakdown, 

increased bone fragility, and fracture susceptibility. Osteopenia is the 
preceding step to osteoporosis because it causes a decrease in bone 

mass, osteoporosis reduces a person's quality of life. Periostin 

(encoded by Postn), its name is derived from the fact that it was first 

detected in periosteal osteocytes and osteoblasts. Periostin deficiency 

has been linked to osteoporosis and weak bones. Study objectives: 

The purpose of this study was to determine periostin levels in serum 
of Iraqi patients with osteoporosis and osteopenia, and it is also 

possible to consider periostin as a diagnostic factor to follow the 

progression of osteopenia to osteoporosis. Subjects & Methods: This 

study was conducted between October 2021 to March 2022 in Medical 

City of Baghdad /Teaching Hospital. The current study included 78 

individuals (females and males) aged 40-65 years’ old, 53 of them are 
patients and 25 as a  control. The lumber spine's bone mineral density 

was determined using dual energy x-ray absorptiometry (DEXA)scan 

to diagnose these patients. Patients divided into (27) person as 

osteoporosis patients and (26) as osteopenia patients. Results: The 

current study showed an important increase in serum POSTN of 
osteoporosis and osteopenia patients groups when compared with 

control, also, there was a significance increase in BMD, T-score and 

calcium levels. also, there was no significance increase in Vitamin D 

and Phosphorous levels. Conclusions: periostin may be used as a good 

biomarker for diagnosing patients with osteoporosis, and it can be 

used to follow the progressive of osteopenia to osteoporosis disease in 
these patients. 
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Introduction 

 

Osteoporosis (OP) is a systemic skeletal disease characterized by reduced bone 

mineral density (BMD), impaired bone mineralization or microarchitecture, 

and/or decreased bone strength, it's a symptomatic disease remains undiagnosed 

until manifest a fracture [1]. It is a progressive metabolic or skeletal condition 
that increases the risk of fractures as a result of deteriorating bone density and 

flaws in its microarchitecture. Young adults of the same race and sex who have 

bone mineral density that is less than 2.5SD below the reference range are said to 

have osteoporosis (t score of –2.5) [2]. The uncoupling of bone resorption and 

production and the imbalance between osteoclast and osteoblast activity are both 
factors in bone loss [3]. Osteoporosis has emerged as a serious threat to human 

health that ultimately results in decreased daily activity, a decline in life quality, 

and an increase in death [4]. Osteopenia is the preceding step to osteoporosis 

because it causes a decrease in bone mass, osteoporosis reduces a person's 

quality of life, and bone mass gradually increases throughout the growth process 

until the mid-thirties when it begins to decline by as much as 1% each year [5].  
      

Periostin, also known as osteoblast-specific factor, is a protein that is produced 

by osteoblasts (OSF-2), is made up of POSTN gene. It's an 836-amino-acid 

extracellular matrix protein having a molecular weight of around 93 kDa [6]. It 

was first described in 1993 and initially named osteoblastic-specific factor 2 
(OSF-2) [7]. It plays an important role in bone growth and fracture healing. 

Periostin can now be found in both serum and plasma. When it comes to bone 

metabolism [8]. Periostin deficiency has been linked to osteoporosis and 

weakened bones [9]. The regulation of collagen cross-linking and osteoblast cell 

adhesion by periostin has demonstrated that it is essential for maintaining bone 

microarchitecture and bone strength [10]. Additionally, periostin has linked to a 
number of clinical conditions. In bone physiology, it also plays a factor in cell 

adhesion. In response to mechanical loading, periostin is necessary to modify 

bone mass and extracellular matrix (ECM) architecture [11].  

      

Vitamin D is a steroid hormone that is well known for its effects on calcium and 
mineral metabolism [12]. It is a fat-soluble vitamin and considered a group of 

sterols. Vitamin D2 and D3 have high activity, vitamin D production in the skin 

by exposition sunlight, also considered biologically inactive and suffered by two 

alternate hydroxylation in the kidney and liver to become the biologically active 

1,25 dihydroxy vitamin [13]. Vitamin D promotes bone health and helps to avoid 

osteoporosis and fractures. Vitamin D deficiency and inadequate dietary vitamin 
D are frequent in the older people, and are linked to an increased higher risk of 

fractures [14]. Vitamin D insufficiency is linked to insufficient bone mass or 

insufficient bone remodeling, which can lead to bone fragility and an increased 

risk of fractures, Vitamin D controls the interaction of osteoblasts, osteoclasts, 

and osteocytes. Excess non-mineralized bone matrix, bone loss, and early bone 
development are histopathological characteristics of vitamin D insufficiency 

linked to bone loss [15].  
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Calcium is an essential element of the human body, it form 99% from the 

skeleton. Calcium homeostasis has an essential role in keeping the activity of the 

body, like keeping the skeleton, vascular activities, transmission of nerve 
impulses regulation of hormonal secretion. The calcium in dietary is generally 

absorbed by the small intestine, during circulation and precipitated into bones, 

the Ca++ residue is excreted by urine and feces [16]. For the human body to 

operate properly, calcium is an essential nutrient. This macroelement is crucial 

for bone development, growth, and maintenance as well as for the stability of the 

cellular cytoskeleton. It affects a variety of extracellular and intracellular activities 
[17].        

      

Phosphorous is an important mineral for cell structure, energy transfer, signaling, 

and other essential functions. This element has an important role in many 

cellular functions forming the essential content of phospholipids, Nucleic acids, 
coenzymes and having an effect in many functions in the body, such as formation 

of hard tissue structures, such as teeth, bones, and scales [18]. Phosphorous 

deficiency leads to rickets, stopped growth in children, and osteoporosis in adults. 

Phosphorous decreasing is very uncommon in humans because many sources of 

it are found in food except a special states like refeeding syndrome, starvation or 

parenteral malnutrition is hypophosphatemia noticed in healthy persons, and 
disorder of the kidneys' reabsorption of phosphate. Phosphorous homeostasis is 

kept through absorption and excretion in the gastrointestinal tract, shifts in and 

out of the bone, and filtration and absorption in the kidneys [19].  

 

Materials and Methods 
 

Study design 

      

This study was performed between October 2021 to March 2022 in Baghdad 

province. The current study included 78 individuals (females and males) aged 40-

65 years’ old, 53 of them are patients and 25 as a  control. By using a dual energy 
x-ray absorptiometry, the bone mineral density (BMD) of the lumbar spine was 

measured in these individuals who visited a clinic at the Medical City of Baghdad 

Teaching Hospital (DEXA). 

 

The individuals were classification according to T.score  to three groups as : 
 

1. (25) individuals as healthy control (C). 

2. (27) individuals as osteoporosis patients (Poro). 

3. (26) individuals as osteopenia patients (peni).  

     

Samples and data collection is subject to the ethics of scientific research. 
Exclusion criteria were patients with thyroid diseases as well as DEXA scans of 

other regions aside from the lumbar spine and hip joint. 

 

Sample collection 

 
After detecting illness using a DEXA equipment, five milliliters of venous blood 

were extracted from each subject. After an overnight fast, blood samples from 

patients and healthy volunteers were taken. Then serum and whole blood were 
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stored at (-20 Cᵒ) for using later in laboratory assessments, which encompassed 

Vitamin D3 (Vit.D3), Calcium (Ca), Phosphorous (P) and Periostin (POSTN). 

 

Methods 
 

DEXA stands for Dual Energy X-ray Absorptiometry: The World Health 

Organization (WHO) has defined diagnostic criteria for charic osteoporosis and 

DXA fracture risk assessment. Osteoporosis is defined as a BMD value at the 

spine or hip that is more than 2.5 standard deviations below the optimum mean 

for healthy young persons of the same race and gender (T- score -2.5) [20]. 
 

Determination of POSTN (ng/ml) Levels in Blood Serum:  The enzyme-linked 

immunosorbent assay (ELISA) kit was purchased from (Fine Test, China) and 

used for determination of the levels of POSTN. Sandwich ELISA (Human, 

Germany) format was employed and performed as per the manufacture ̓s 
instructions. 

 

Determination of Vitamin D3:  The Mini VIDAS 25-OH Vitamin D Total Assay 

design is based on a 2-step competitive immunoassay. 

 

1. Serum or plasma 25(OH)D is separated from its protein carrier (DBP) and 
then mixed with a Vitamin D-specific antibody that has been alkaline-

phosphatase (ALP) conjugated. 

2. The vitamin D analog coated-solid phase receptor is then exposed to the 

unbound ALP-antibody. The substrate reagent is then added to start the 

fluorescence reaction after washing the solid-phase. The quantity of 
25(OH)D in the sample and the number of relative fluorescence units the 

system detects are inversely correlated. Normal value: 30-57 ng/dl 

 

Determination of calcium:  Calcium was determined utilizing mindary BS-230 

clinical chemistry analyzer full automated instrument using close system 

laboratory kit for this purpose, the principle of determination was based on the 
enzymatic reaction. Normal range (8-10 mg/dl).  

 

Determination of Phosphorous: Phosphorous was determined utilizing mindary 

BS-230 clinical chemistry analyzer full automated instrument using close system 

laboratory kit for this purpose, the principle of determination was based on the 
enzymatic reaction. Normal range (3.4 to 4.5 mg/dl). 

 

Statistical Analysis  

      

The results were done using means±SD; t-test was used to estimate the variances 

between different sets. P-values of (p ≤ 0.05), and (p ˃ 0.05), were regarded 
statistically a significant, and non-significant, respectively. The correlation 

coefficient (r) was investigated and utilized to describe the relationship between 

the various studied parameters. The cut off value, sensitivity and specificity were 

calculated by applying Receiver operative characteristics (ROC) curve by using 

Statistical Package for Social Sciences (SPSS) version 23.0 and Microsoft office 
2007. 
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Results 

      

This study involved 53 osteoporosis and osteopenia patients and 25 healthy 
control; their ages between 40-65 years. The levels of BMD, T-score, POSTN, 

Vit.D3, Ca and P levels in control (C), patients with osteoporosis (Poro) and 

patients with osteopenia (peni) groups were summarizes in Table 1. The results 

which expressed as (mean± SD), showed a significance (p ≤ 0.05) different in 

BMD,Tscore, POSTN and Ca  levels in both (Poro) and (Peni) patient groups when 

comparing with control group (C). 
      

The mean value of serum Vit.D3 and P levels in Table 1, showed no significance (p 

˃ 0.05) different in (Poro) and (Peni) patient groups when comparing with control 

group (C). 

 
Table 1. Mean±SD of studied parameters levels in control, osteoporosis (Poro), and 

osteopenia (Peni) patients groups 

 

Groups                

 

Parameters 

      Control 

    No. (25) 

Poro patients 

     No. (27) 

Peni patients 

   No. (26) 

  

Male/Female 
 

    

     9/16 
 

 

     7/20 

   

    13/ 13 

BMD 

(g/cm2) 

1.05 ± 0.05 

 

0.67 ± 0.08 

       aS 

0.88 ± 0.04 

  bS         cS 

    T-Score 

 

-0.35±0.4 -3.48 ±0.7 

      aS 
-1.71 ±0.38 

   bS          cS 

POSTN 

(ng/ml) 

0.92 ± 0.05 2.03 ± 0.78 

       aS  
1.34 ± 0.44 
     bS        cS 

Vit.D3 

(ng/ml) 

21.23 ± 

6.68 

20.49 ± 8.17 

       aNS 

20.92 ± 6.78 

  bNS cNS    

Ca 
(mg/dl) 

9.7 ± 0.52 
 

8.16 ± 1.6 
      aS 

8.02 ± 1.67 
  bS         cNS 

P 

(mg/dl) 

3.11 ± 0.52 3.31 ± 0.44 

      aNS 

3.62 ± 0.97 

  bNS cNS    

Significant (S):  p ≤ 0.05; Non-significant (NS):  p ˃ 0.05 

a:t-test between control and Poro  patients groups; b: t-test between control and  

Peni  patients groups; and  c: t-test between Poro and Peni  patients groups 

 
Correlation of POSTN with BMD, T-score, Vit.D, Ca and P 

    

Correlation coefficients (r) and p- values between serum POSTN with BMD, T-

score, Vit.D, Ca and P ratio in Control, Osteoporosis (Poro), and Osteopenia (Peni) 

patients groups. shown in Table2.  
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Table 2. Correlation between Periostin and other study parameters in Control, 

Osteoporosis (Poro), and Osteopenia (Peni) patients groups 

 

Groups 

Parameters                

Correlation coefficients(r) P-value  

Control Poro Peni C Poro Peni 

BMD (g/cm2) 0.21 -0.41 -0.04 0.000 0.000 0.000 

T-score 0.3 -0.31 0.05 0.000 0.000 0.000 

Vit.D (mg/dl) 0.0019 0.203 0.03 0.000 0.000 0.000 

Ca (mg/dl) 0.19 -0.503 -0.26 0.000 0.000 0.000 

P ( mg/dl) -0.31 0.102 -0.09 0.000 0.000 0.000 

Highly Significant:  p ≤ 0.001 
 

There was a highly significance positive correlations between serum POSTN with 

BMD (r=0.12),  T-score(r=0.3), Vit.D(r=0.0019), Ca(r=0.19), and highly significance 

negative correlation between POSTN with P (r = - 0.31) in control group (C).  

POSTN showed a highly significance positive correlation with Vit.D (r =0.203) and 

P (r = 0.102), also there are a highly significance   negative correlation between 
POSTN with BMD (r = -0.41), T-score (r=-0.31) and Ca (r = - 0.503) in osteoporosis 

group (Poro). In osteopenia group (Peni), there was a highly significance positive 

correlation between POSTN with T-score (r = 0.05) and Vit.D (r = 0.03), in addition 

to a highly negative correlation between POSTN with BMD (r=-0.04), Ca (r=-0.26) 

and P (r=-0.09).  
 

Receiver Operating Characteristic (ROC) Curve of POSTN between 

osteoporosis and control groups. 

      

A statistical model known as the Receiver Operating Characteristic (ROC) curve 

uses a plot to examine the relationship between sensitivity and 1-specificity in 
order to determine the sensitivity and specificity that are optimal for a diagnostic 

test. The cut-off points estimated, which correspond to many places on the 

depicted curve, are used to determine if test results are positive [21]. 

      

The preeminent cut-off point that is derived from the plotted ROC curve reveals 

the probability of disease presence which concerns with positive test ''sensitivity'' 
and the probability of disease absence which concerns with negative test 

''specificity'' [22] ROC test for POSTN marker in osteoporosis and control groups 

showed perfect cut off value with 100% sensitivity and 100% specificity, that 

indicates considered as a good diagnostic marker. The cutoff value upper than 

1.02 representatives of patient. shown in chart (1).   
 

Table 3.  Sensitivity, specificity & cut-off value of POSTN for diagnosis of 

osteoporosis 

 

ROC of POSTN Sensitivity Specificity 
Area under 

curve 

Accuracy Cut off 

value 
(ng/ml) 

LB UB 

Control & osteoporosis 100% 100% 1.00 1.00 1.00 1.02 
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Chart (1): The Roc curve for POSTN in osteoporosis and control groups 

 

Discussions 

      
This study found that people with osteoporosis have a lower mean bone mineral 

density of the lumbar spine than people with osteopenia and healthy people. This 

finding is in line with other studies, such as the Almajeed and Hamdan study in 

Iraq and the Cranney et al. cohort study in Canada, which both found that the 

bone mineral density of the lumbar spine and the T-score were significantly lower 

in patients with osteoporosis when measured using WHO criteria. The most 
effective diagnostic method for detecting osteoporosis patients continues to be 

BMD assessment. Subsequent changes in BMD offer an unreliable predictor of 

treatment effectiveness, despite being useful in assisting decisions to begin 

osteoporosis treatment. Clinical trial analysis reveals a shaky link between rising 

spinal BMD and lowered risk of vertebral fracture. In most cases, the overall 
reduction in fracture risk is less than 25% and is not entirely attributable to 

increased BMD. As a result, the most clinically important therapeutic result of 

osteoporosis treatment is still the reduction in fracture risk [23].  

          

 T-score was measured by Double-energy X-ray absorptiometry (DEXA) scanners, 

this test was routinely used for osteoporosis diagnosing by measuring the BMD of 
the central and axial skeleton [24]. The World Health Organization's criteria for 

lumbar spine osteoporosis and low BMD were used in the health assessments. 

The definition of osteoporosis was a T-score less than or equal to 2.5 SDs below 

that of a young, healthy adult female reference group. When the lumbar spine T-

score value was between -1 and -2.5 SDs below that of the youthful reference 
group, poor BMD was detected [25].  

      

Periostin deficiency has been linked to osteoporosis and weak bones [9]. In this 

study, we found a significant increase in periostin levels in patients with 

osteoporosis. The results of a number of in vitro and animal experiments support 

our findings [26]. Periostin levels were significantly higher in individuals with 
osteoporosis than in healthy control group [27]. Increase in periostin expression 

that drives an increase in bone formation would not be sufficient to compensate 
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the high bone resorption. Similarly study by Kim et al [28], The observation that 

periostin levels are higher in postmenopausal women with lower BMD and 

osteoporotic fracture may point to the existence of compensatory mechanisms, in 

which periostin expression is increased to combat poor bone health. 
 

In Rousseau et al [29], Periostin levels were significantly higher in both patient 

groups compared to the control group. This suggests that a high periostin level 

was linked to a higher risk of fracture. These findings matched those of Bonnet et 

al., who discovered that periostin levels were higher in females with incidence 

fractures than in those without [30]. Varughese et al. reported elevated serum 

periostin levels in response to bone injury and repair. Periostin levels were also 
found to be higher in patients who had radiographic indications of an osteoporotic 

fracture [31]. 

 

In this study, there was no significant effect of vitamin D on BMD, this result was 

corresponded with Elisabeth et al. study which proven that Due to ineffective 

dietary calcium and phosphorus absorption, vitamin D insufficiency affects bone 
mineralization. Clinical signs of severe vitamin D insufficiency are osteomalacia in 

adults (existing bones) and rickets in children (growing bones), which are 

indicated by 25-hydroxyvitamin D (25(OH)D) values 25 nmol/L [12]. Zhou, P. et al 
pointed in their study in 2017 that the levels of vitamin D showed no change with 

osteoporosis that depended on bone mineral density [32]. and this result concurs 

with our study. In a previous study in 2017, Alkhenizan, A. et al revealed that 
vitamin D level dose not correlate with decreasing bone mineral density [33], 

Therefore, vitamin D cannot be considered a diagnostic marker for osteoporosis, 

especially in advanced stages if these patients are taking vitamin D treatment, but 

it can have a diagnostic role at the beginning of the disease, for this reason, it can 

be considered as a risk factor for osteoporosis. 

      
To optimize and maintain bone density, one must consume enough calcium (Ca). 

A diet low in calcium is a significant risk factor for osteoporosis [34]. As bone is 

always being broken down and rebuilt and thus has a constant need for calcium, 

calcium is the main preventative measure for bone against osteoporosis. Skeletal 

calcium is indirectly impacted by dietary calcium consumption [35]. A decrease in 
the amount of calcium in food combined with factors that limit gastrointestinal 

absorption causes a reduction in the amount of calcium in the blood. The body 

attempts to make up for this shortage by taking calcium and phosphorus from 

the bones, which weakens them. This explains why the osteoporosis group's Ca % 

is lower than that of the control group [36].  

      
Mishra et al. discovered that there was no significant difference in phosphorus 

levels in the postmenopausal group [37]. Al-Khakani, M. et al in 2018 showed 

that phosphorus levels have a significant deifferent the diagnosis of osteoporosis 

[32], and this was disagreed with our study. Since osteoporosis produces a 

decrease in aggregate mineralized bone without a decrease in the proportion of 

bone mineral to organic matrix, serum phosphorus was normal in both 
osteoporosis and osteopenia groups with and without T2DM, as well as the 

healthy group. As a result, there is a decrease in the overall amount of bone. The 

mean serum phosphorus in the patients' group was 3.31 0.44 mg/dl, whereas the 

control group's mean was 3.11 0.52 mg/dl, and the normal range for blood 
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phosphorus is 2.2–5 mg/dl, therefore both groups were within normal limits. A 

few studies found that serum phosphorus levels were of little value in the 

diagnosis of osteoporosis since the results were within the normal range [38]. 
 

Conclusions 

     

From the current study, it was concluded that periostin may be used as a 

biomarker for diagnosing patients with osteoporosis because ROC test for 

periostin marker in osteoporosis and control groups showed perfect cut off value 
with 100% sensitivity and 100% specificity, that indicates it considered as a good 

diagnostic marker for osteoporosis patients. Also, the significant difference in the 

levels of periostin between osteoporosis, osteopenia patients, and control, as well 

as the significant inverse relationship between periostin and BMD, it can be used 

to follow the progressive of osteopenia to osteoporosis disease in these patients. 
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