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Abstract 
Vitamin D3 and calcium deficiency are influential factors in the development of osteoporosis. 
Also, osteocalcin is considered to be one of the markers for osteoporosis as it is produced primarily 
by osteoblasts during bone formation. The aim of this study is to assess the serum levels of vitamin 
D3, osteocalcin, and calcium with bone mineral density to differentiate between osteopenic and 
osteoporotic postmenopausal women. A case control study that included 120 postmenopausal Iraqi 
women divided into three groups [40 postmenopausal women with osteoporosis, 40 
postmenopausal women with osteopenia, and 40 post-menopausal women free from osteoporosis 
and osteopenia as control group. The results obtained showed that vitamin D3 was significantly 
lower in both osteoporosis and osteopenia groups when compared to the control group. The 
average levels of osteocalcin were significantly lower in osteoporosis and osteopenia groups when 
compared to the control. Also, the average levels of serum calcium were significantly lower in 
osteoporosis and osteopenia groups when compared to the control group. The results of ROC curve 
analysis demonstrated excellent ability of the included tests variables with AUC= 0.912, 1.00, 0.91 
and 1.00 for osteocalcin, vitamin D3, calcium, and T-score, respectively that can classify 
osteoporosis from control groups, and the cut-off values of these parameters could be used for this 
differentiation. Also, the results demonstrated excellent ability of all the included tests with the 
AUC = 0.902, 1.00, 0.912, 1.00 for osteocalcin, vitamin D3, calcium, and T-score, respectively 
that can classify osteopenia from control groups with the cut-off values. While, the results showed 
that only T-score (AUC= 1.00) is the best parameter used to differentiate osteoporosis from 
osteopenia. In conclusion, levels of vitamin D3, osteocalcin and calcium could be used to give an 
indication of bone mineral density status in osteopenic or osteoporotic postmenopausal women 
without the use of a DEXA analysis. But, the differentiation between osteopenia and osteoporosis 
was only obtained by the DEXA analysis method.   
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Introduction  
Postmenopausal osteoporosis (PMOP), the most prevalent kind of the condition, is characterized 
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by decreased bone mineral density, skeletal microstructure disintegration, increased bone fragility, 
and increased fracture risk [1]. This may be due to hormonal changes (estrogen decline) in 
postmenopausal women lead to accelerated bone loss and osteoporosis [2].  90% of the calcium in 
the human body is found in the bones and teeth, making it the most prevalent inorganic salt 
component. The type I collagen matrix of bones becomes deposited with calcium crystals called 
hydroxyapatite, which strengthens the bones. Getting insufficient calcium can cause osteoporosis 
and fractures [3]. Vitamin D, which is obtained through sunlight, food, and other dietary 
supplements, is another vitamin that is vital to the mineralization of the skeleton. 
However, vitamin D deficiency still exists in many regions of the world owing to dietary 
deficiencies, sun avoidance, and sunscreen use [4]. It is well recognized that the majority of the 
circulating vitamin D comes from cutaneous production and should be seen as a hormone rather 
than a vitamin. Due to its participation in several physiological systems, vitamin D insufficiency 
(50 nmol/L) is an epidemic that affects people all over the world and has numerous effects on 
human health. Numerous studies have demonstrated a reduction in the frequency of non-vertebral 
and hip fractures with greater blood 25-hydroxy vitamin D levels [5-7]. 
Osteocalcin (OC), the main and best-researched non-collagenous protein in bone extracellular 
matrix, has been maintained in bone. The amount and activity of osteoblasts are indicated by the 
serum concentration of total OC, which has been used as a biochemical indicator of osteogenesis 
[8]. It is essential for the mineralization of the matrix and has a great affinity for calcium [9, 10]. 
 Bone strength, which is determined by a number of skeletal characteristics including its 
composition, microarchitecture, size, and shape [11], is a measure of a bone's resistance to 
breaking. The most used method for calculating bone mineral density (BMD), assessing bone 
strength, and diagnosing osteoporosis is dual-energy X-ray absorptiometry [12]. There are several 
drawbacks of dual-energy X-ray absorptiometry [13, 14]. Due to the limitations of the DEXA scan 
as well as the limitations of its accessibility and availability, the goal of this study is to evaluate 
serum levels of vitamin D3, osteocalcin, and calcium as well as bone mineral density to distinguish 
between osteopenic and osteoporotic postmenopausal women. 
Methods 
A case-control research that involved 120 postmenopausal Iraqi women aged 45 to 65 who 
attended AL-Imamain AL-Kadimain Hospital and Baghdad Teaching Hospital in the Medical City 
Complex, Iraq, from February to May 2022. The College of Medicine at Al-Nahrain University in 
Baghdad, Iraq, institutional review board gave the study its approval.  
The subjects were split into three groups based on the T-score for bone mineral density obtained 
from the DEXA scan: (G1) 40 postmenopausal women with osteoporosis (T-score-2.5 or more 
below), (G2) 40 postmenopausal women with osteopenia (T score between-1 and -2.5), and (G3) 
40 post-menopausal women free from osteoporosis or osteopenia (T score -1 and above). 
  
 Exclusion Criteria:  
Women with oligomenorrhea, amenorrhea, or early menopause before the age of 40, 
hyperparathyroidism, corticosteroid therapy applied for more than three months, hormonal 
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therapy, liver and kidney dysfunction, rheumatoid arthritis, malignant tumors, hematologic 
diseases, previous pathological fractures, or myocardial infarction were excluded from this study. 
 
Methods used 
Vitamin D3 and osteocalcin were measured using ELISA technique (My biosourse/USA kits), 
while calcium was measured by spectrophotometric technique using Cromatest- linear –spain kit. 
  
Statistical Analysis 
The data for qualitative variables were provided in terms of the number of instances (n) and 
percentages, whilst the data for continuous variables were presented in terms of mean and standard 
deviation. The results were compared using an ANOVA. Comparing categorical variables was 
done using the Fisher's exact test, also known as the chi-square test. The normal distribution of the 
data was examined using the Kolmogorov-Smirnov test. Quantitative variables were compared for 
associations using Pearson's correlation coefficient. Cohen's criterion was applied to determine the 
connections' strength.  As a result, coefficients between 0.10 and 0.29 are regarded as having a 
modest impact size, 0.30 to 0.49 as having a moderate effect size, and coefficients over 0.50 as 
having a big effect size [15]. For each test, the statistical significance level for an alpha value was 
set at 0.05. Both GraphPad Prism version 8.0.0 for Windows (GraphPad Software, San 
Diego,California,USA;www.graphpad.com) and SPSS, Version 26 for Windows (SPSS, Inc., 
Chicago, IL, USA) were used for all of the analyses. 
 
Results  
 
Vitamin D3 
There were significant differences in Vitamin D3 by group as indicated by ANOVA 
analysis, F(2,117) = 140.10, p < .001. The R2 was 0.71 indicating group explains approximately 
71% of the variance in Vitamin D3.  The mean of Vitamin D3 for Osteoporosis (52.21± 9.54 
ng/ml) was significantly smaller than for Control group (184.05± 69.78 ng/ml), p < .001.   the 
mean of Vitamin D3 for Osteopenia (50.74± 7.65 ng/ml) was significantly smaller than for Control 
group (184.05± 69.78 ng/ml), p < .001. No other significant effects were found. The means and 
standard deviations are presented in Table-1 and Figure-1. 
 
Osteocalcin  
The results of the ANOVA showed that there were significant differences in Osteocalcin across 
the groups. The F(2, 117) value was 42.34, and the p value <.001. The R2 value was 0.42, which 
indicates that group explains roughly 42% of the variation in Osteocalcin. The average level of 
osteocalcin in patients with osteoporosis coming in at (34.92± 5.39 ng/ml) which was significantly 
lower than in the control group (46.31± 6.93 ng/ml) (p< .001).  
A p value < .001 indicates that the average level of osteocalcin in patients with osteopenia (34.08± 
7.43 ng/ml) was significantly lower than that of the control group (46.31± 6.93 ng/ml). There were 
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no more significant effects discovered. The mean values and standard deviations are shown in 
Table-1 and Figure-1 
 
Calcium  
Calcium levels differed significantly between groups as indicated by ANOVA analysis, F(2, 117) 
= 37.85, p< .001. The R2 value was 0.39, this finding indicate that groups explain approximately 
39% of the variance in Ca. The mean Ca for osteoporosis (5.97 ±1.95 mg/dL) and osteopenia 
(5.60± 2.13 mg/dL) were both significantly lower than the mean Ca for control (8.85± 1.30 
mg/dL), p< 0.001. There were no further significant findings. The means and standard deviations 
are shown in Table-1; Figure -2. 
 
T-SCORE  
There were significant differences in T-SCORE by group, F(2, 117) = 298.28, p < .001. The R2 
was 0.84 indicating group explains approximately 84% of the variance in T-Score. The mean of 
T-Score for Osteoporosis (-3.21± 0.47) was significantly smaller than for Osteopenia group (-
1.84± 0.42), p < .001. the mean of T-Score for Osteoporosis (-3.21± 0.47) was significantly smaller 
than for Control group (-0.28± 0.68), p < .001., the mean of T-Score for Osteopenia group (-1.84± 
0.42) was significantly smaller than for Control group (-0.28± 0.68), p < .001. The means and 
standard deviations are presented in Table-1 and Figure-2. 
Table-1: Comparison of mean values and standard deviation of Osteocalcin, Vitamin D3, 
and Ca using ANOVA test   
 Variable Mean ± SD SEM Median F p R2 

Osteocalcin 
ng/ml 

    Osteoporosis 34.92± 5.39 0.85 33.78 42.34 < .001 0.42 
    Osteopenia 34.08± 7.43 1.18 32.52 
    Control 46.31± 6.93 1.10 47.07 

Vit D3 
ng/ml 

    Osteoporosis 52.21± 9.54 1.51 48.94 140.10 < .001 0.71 
    Osteopenia 50.74± 7.65 1.21 48.67 
    Control 184.05± 69.78 11.03 162.66 

Ca 
mg/dL 

    Osteoporosis 5.97± 1.95 0.31 5.40 37.85 < .001 0.39 
    Osteopenia 5.60± 2.13 0.34 4.97 
    Control 8.85± 1.30 0.21 8.91 

T_SCORE     Osteoporosis -3.21± 0.47 0.07 -3.20 298.28 < .001 0.84 
    Osteopenia -1.84± 0.42 0.07 -1.90 
    Control -0.28± 0.68 0.11 -0.50 

Results for Significance Testing against the groups using F-Tests SEM, Standard error of mean; 
R2, goodness of fit 
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Figure-1:  Means of Osteocalcin and Vit D3 by group with 95.00% CI Error Bars, ** = P 

value < 0.001 

 



N.Asha Kiran, 2023 Azerbaijan Medical Journal  
 

77 
 

 
Figure-2: Means of Ca and T-Score by group with 95.00% CI Error Bars, ** = P< .001 

The results of Receiver Operator Curve (ROC) analysis showed the area under the curve (AUC), 
cut-off values and sensitivity and specifity for each parameter in this study as shown in Table-2. 
Combination Variable AUC SE  95% CI Cutoff Sensitivity Specificity 

Osteoporosis 
vs Control  

Osteocalcin 0.912 0.0366 0.827 to 
0.964 

≤36.71 80.00 97.50 

Vit. D3 1.000 0.000 0.955 to 
1.000 

≤83.341 100.00 100.00 

Ca 0.910 0.0392 0.824 to 
0.962 

≤6.49 82.50 100.00 

T-SCORE 1.000 0.000 0.955 to 
1.000 

≤-2.6 100.00 100.00 

Osteopenia 
vs Control 

Osteocalcin 0.902 0.0411 0.814 to 
0.957 

≤40.18 87.50 95.00 

Vit D3 1.000 0.000 0.955 to 
1.000 

≤80.701 100.00 100.0 

Ca 0.912 0.0396 0.828 to 
0.964 

≤6.49 82.50 100.00 

T-SCORE 1.000 0.000 0.955 to 
1.000 

≤-1.1 100 100 

Osteoporosis 
vs 
Osteopenia 

Osteocalcin 0.595 0.0645 0.479 to 
0.703 

>31.01 82.50 40.00 

Vit. D3 0.515 0.0662 0.401 to 
0.628 

>56.477 22.50 92.50 

Ca 0.585 0.0659 0.470 to 
0.694 

>4.48 92.50 35.00 

T-SCORE 1.000 0.000 0.955 to 
1.000 

≤-2.6 100 100 

 
Discussion  
In this study, individuals with osteoporosis and osteopenia had average osteocalcin levels that were 
considerably lower than those of the control group. There was no discernible change in serum OC 
between osteoporotic patients and controls according to Biver et almeta-analysis's investigation of 
multiple bone turnover indicators [16]. According to all currently available and relevant research, 
a different study's analysis found no discernible difference in the blood OC level between PMO 
patients and controls. The circulation of OC molecules is highly diverse, and the metabolism of 
glucose can have an impact. Consequently, serum OC is not a reliable predictor of the high bone 
turnover state in PMO at this time [17]. Additionally, a research found that postmenopausal women 
with diabetes in Thi-Qar Province, Iraq, had significantly lower blood levels of osteopontin and 
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OC as well as lower bone mineral density. They discovered that OC and glucose metabolism may 
interact, with PMO females exhibiting certain energy metabolism abnormalities [18]. The much 
lower mean level of OC in PMO women in this study likely be ascribed to the high percentage of 
diabetic individuals. Another possibility is that OC exists in two states depending on the degree of 
carboxylation: completely carboxylated OC (cOC) and undercarboxylated OC (ucOC), which is 
missing carboxylation at one or more sites [19, 20]. 40% to 60% of the OC that is now in circulation 
is ucOC. In observational and randomized controlled trial (RCT) investigations, it was shown that 
poor vitamin K consumption, low levels of vitamin K in the blood, high levels of ucOC, or low 
levels of total OC were all linked to an increased risk of bone fractures [21]. A study showed the 
profile of serum ucOC levels by gender and age in a Chinese population and showed links between 
ucOC and BMD and BTMs as well as the risk of osteopenia or osteoporosis being common. These 
results provide a hint as to how ucOC functions in bone metabolism [22]. Therefore, it may be 
crucial for future research to consider the usefulness of ucOC. 
The osteoporosis and osteopenia groups in this study had considerably lower mean vitamin D3 
levels than the control group. This finding was consistent with earlier research; Chidre and Shaikh 
observed a high frequency of vitamin D insufficiency with low 25 OHD levels and came to the 
conclusion that vitamin D deficiency is significantly undertreated in women with osteoporosis. 
These women, especially those who are at a high risk for fragility fractures, must receive vitamin 
D supplements [23]. Another study found that osteopenic and osteoporotic individuals had a 
greater frequency of vitamin D insufficiency than healthy participants. 
Additionally, vitamin D supplementation enhanced bone density measurements and decreased the 
prevalence of osteoporosis. They advised using vitamin D supplements continuously and often, 
especially for women and the elderly, to treat and even reverse osteoporosis [24]. According to a 
study, vitamin D insufficiency is rather common among post-menopausal women with probable 
osteoporosis. Since vitamin D cannot be obtained from food sources or sunshine, supplementation 
is necessary to treat vitamin D deficiency and prevent fractures. In order to make the best 
judgments about whether to start taking vitamin D supplements, it was advised that 
postmenopausal women undergo routine vitamin D testing [25]. The mean blood calcium levels 
for both osteoporosis and osteopenia in this research were considerably lower than those for the 
control group.The majority of research connects a calcium deficit to osteoporosis, and some 
advocate routine calcium testing to track the development of the condition [26, 27, 28]. Other 
studies found serum calcium levels to increase the risk of bone loss [29, 30, 31]. Despite the fact 
that new osteoporosis risk variables emerged with hormonal changes following the loss of the 
estrogen action in postmenopausal women, the link between serum calcium and bone loss was 
diminished [31].  
In this study Receiver Operator Curve (ROC) analysis demonstrated excellent ability of the 
included tests variables with AUC= 0.912, 1.00, 0.91 and 1.00 for osteocalcin, vitamin D3, 
calcium, and T-score, respectively that can classify osteoporosis from control groups, and the cut-
off values of these parameters could be used for this differentiation (≤ 36.71 ng/ml, ≤ 83.341 ng/ml, 
≤ 6.49 mg/dL, and ≤ -2.6 respectively). Also, the results demonstrated excellent ability of all the 
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included tests with the AUC = 0.902, 1.00, 0.912, 1.00 for osteocalcin, vitamin D3, calcium, and 
T-score, respectively that can classify osteopenia from control groups with the cut-off values (≤ 
40.18ng/ml, ≤ 80.701 ng/ml, ≤ 6.49 mg/dL, and ≤ -1.1respectively).While, the results showed that 
only T-score (AUC= 1.00) is the best parameter used to differentiate osteoporosis from osteopenia. 
While the results showed that only T-score (AUC= 1.00) is the best parameter used to differentiate 
osteoporosis from osteopenia. This may be due to the fact that there were no significant differences 
between the other parameters between osteopenia and osteoporosis groups. 
 
Conclusion: 
Decrease in serum vitamin D3, osteocalcin, and calcium in osteopenia or osteoporosis in post-
menopausal women are affected by decrease in bone density. Levels of vitamin D3, osteocalcin 
and calcium could be used to give an indication of bone mineral density status in osteopenic or 
osteoporotic postmenopausal women without the use of a DEXA analysis. While, the 
differentiation between osteopenia and osteoporosis can only be obtained by a DEXA analysis, 
this may be due to the fact that there were no significant differences of the measured parameters 
between osteopenia and osteoporosis groups.  
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