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ABSTRACT

Aim: The objective of this study is to determine bone mineral density (BMD) and the biochemical markers with variation in
healthy, osteopenic and osteoporotic individuals. It reviews the part of alkaline phosphatase in assessment of bone
metabolism and osteoporosis progression. The research also looks into the interaction of the calcium levels and estrogen
deficiency in relation to bone health.

Methods: A total of three groups (healthy individuals, osteopenia and osteoporosis) were studied in a cross-sectional manner.
Dual energy X-ray absorptiometry (DEXA) was used to measure BMD; and also, the serum samples analyzed for
biochemical markers of calcium levels. The statistical comparison to identify the significant within the groups and correlation
between biomarkers and the severity of osteoporosis were performed.

Results: Osteopenic and osteoporotic individuals’ BMD is significantly lower than that in healthy group. With ALP levels
higher also, osteoporotic participants showed increased bone turnover. There was only minor variation of calcium level
except osteopenic and osteoporotic individuals showed a significant difference. The research further proves that estrogen
deficiency greatly contributes to bone loss and the risk of fractures.

Conclusion: The finding of this study supports the importance of early detection and treatment of osteoporosis. BMD and
biochemical markers simultaneously are used in combination for diagnosing (and monitoring) of bone health. Calcium
supplementation, probiotics, as well as targeted molecular therapies based on a molecular analysis of luminal HC p5S
fractions are recommended. With the success of chondroprotective nanotechnology, more work on novel interventions
nanotechnology-based supplements and gene targeted treatments for osteoporosis prevention and treatment outcomes needs
to happen.
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1. INTRODUCTION

Osteoporosis is a skeletal disorder, progressive loss of bone mass and increased fragility of bones, more common in elderly
population [1,2]. Osteoporosis is a disease affected by numerous factors, including hormonal changes, mineral disturbances,
metabolic derangements which affect bone remodeling [1]. Calcium and ALP (a key bone growth and metabolism marker)
are the most important markers in the assessment and management of osteoporosis [4,7].
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Figure 1 Calcium and ALP levels in Bone Diseases (Medical Laboratories, 2023)

Calcium is an important mineral used to form, maintain and remodel bone. It is a basic part of hydroxyapatite crystals, which
are structural strength to bones. Low calcium levels change balance between bone resorption and formation, increasing the
fragility of the bone. The hormones that regulate the calcium metabolism, parathyroid hormone (PTH), both affect bone
turnover and mineralization [7]. Calcium supplementation has been a widely used drug for osteoporosis management,
although to no avail in preventing fracture in many studies some such as no evidence of driving correlation between calcium
levels in BMD in osteoporotic individuals [1, 2]. ALP is a bone formation and mineralization biomarker. It is manufactured
by the osteoblasts and it catalyzes the hydrolysis of phosphate esters, thereby promoting the deposition of calcium and
phosphorus into the bone matrix [4]. ALP has important role in skeletal development and turnover, and high ALP is a sign
of increased osteoblastic activity [11]. Although ALP levels and osteoporosis have been studied in the past, there have been
conflicting results pertaining to the relationship between ALP and BMD [1,2]. Nevertheless, ALP is a useful diagnostic and
prognostic marker in bone metabolic disorders [12].

2. MATERIALS AND METHODS

Study Design

BMD and serum calcium levels were studied in three groups: Healthy, Osteopenia, Osteoporosis, of which this study was a
comparative cross-sectional study. Assessment of BMD was done by using dual-energy X-ray absorptiometry (DEXA) and
serum calcium levels were determined by standard biochemical assays.

Study Population
Three groups consisting of participants with a DEXA score were created:
e Healthy group: T-score >-1.0
e  Osteopenia group: T-score between -1.0 and -2.5
e  Osteoporosis group: T-score < -2.5
Inclusion Criteria: DEXA scan done in adults in the age of above 50 years, informed consent.
Exclusion Criteria: People with chronic diseases of bone metabolism (such as chronic kidney disease and
hyperparathyroidism)
Data Collection and Analysis
e Assessment of the BMD was done through DEXA scan at the femoral neck.
e  Serum calcium levels were measured by means of standard laboratory methods.
e  Statistical Analysis:
o BMD and serum calcium values from different groups were compared utilizing Kruskal Wallis ANOVA.
o The Mann-Whitney U test was conducted on pairwise comparisons.

o The level of p < 0.05 was considered statistically significant.
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3. RESULTS

This part comprises comparative study of bone mineral density (BMD) and serum calcium levels measured in three categories
i.e. Healthy, Osteopenia and Osteoporosis. Kruskal-Wallis ANOVA and Mann Whitney U tests on the results were
statistically evaluated and revealed significant difference of DEXA values between groups (p < 0.05) whereas serum calcium
levels were significant different only between Osteopenia and Osteoporosis groups.

Table 1: Comparison of three groups (Healthy group, Osteopenia group and Osteoporosis group) with Dexa values
by Kruskal Wallis ANOVA

Groups Mean Median Std.Dev. 95% CI for mean
Lower Upper

Healthy group 0.81 0.70 0.52 0.70 0.92
Osteopenia group -1.59 -1.60 0.49 -1.70 -1.49
Osteoporosis group -1.90 -2.90 11.00 -4.21 0.40
H-value 225.6000
P-value 0.0001*
Pair wise comparisons by Mann-Whitney U test
Healthy group vs Osteopenia group P=0.0001*
Healthy group vs Osteoporosis group P=0.0001*
Osteopenia group vs Osteoporosis group P=0.0001*

*p<0.05

A significant difference was observed between three groups (Healthy group, Osteopenia group and Osteoporosis group) with
Dexa values (H=225.6000, p=0.0001) at 5% level of significance. It means that, the Dexa values are different in three groups.

Further, to know the pair wise comparisons, the Mann-Whitney U test was applied and results are presented in the above
table. it clearly, shows the following:

e Asignificant difference was seen between healthy group and Osteopenia group with Dexa values (p=0.0001) at 5%
level of significance. It means that, the Dexa values are significantly higher in healthy group as compared to
Osteopenia group.

e Asignificant difference was seen between healthy group and Osteoporosis group with Dexa values (p=0.0001) at
5% level of significance. It means that, the Dexa values are significantly higher in healthy group as compared to
Osteoporosis group.

e Assignificant difference was seen between Osteopenia Group and Osteoporosis group with Dexa values (p=0.0001)
at 5% level of significance. It means that, the Dexa values are significantly higher in Osteopenia group as compared
to Osteoporosis group.
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Figure 2 Comparison of three groups (Healthy group, Osteopenia group and Osteoporosis group) with Dexa values
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Table 2: Comparison of three groups (Healthy group, Osteopenia group and Osteoporosis group) with Serum
calcium values by Kruskal Wallis ANOVA

Groups Mean Median Std.Dev. 95% CI for mean
Lower Upper

Healthy group 9.56 9.60 0.77 9.40 9.72

Osteopenia group 9.74 9.70 0.43 9.65 9.83

Osteoporosis group 9.50 9.60 0.67 9.35 9.64

H-value 8.4170

P-value 0.0150*

Pair wise comparisons by Mann-Whitney U test

Healthy group vs Osteopenia group P=0.0795

Healthy group vs Osteoporosis group P=0.3132

Osteopenia group vs Osteoporosis group P=0.0038*

*p<0.05

A significant difference was observed between three groups (Healthy group, Osteopenia group and Osteoporosis group) with
It means that, the Serum calcium values are

Serum calcium values (H=8.4170, p=0.0150) at 5% level of significance.

different in three groups.

Further, to know the pair wise comparisons, the Mann-Whitney U test was applied and results are presented in the above
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Figure 3 Calcium homeostasis (McMaster, 2020)

table. it clearly, shows the following:

e No significant difference was seen between healthy group and Osteopenia group with Serum calcium values
(p=0.0795) at 5% level of significance. It means that, the Serum calcium values are similar in healthy group and
Osteopenia group.

e No significant difference was seen between healthy group and Osteoporosis group with Serum calcium values
(p=0.0795) at 5% level of significance. It means that, the Serum calcium values are similar in healthy group and
Osteoporosis group.

e Asignificant difference was seen between Osteopenia Group and Osteoporosis group were compared with Serum
calcium values (p=0.0038) at 5% level of significance. It means that, the Serum calcium values are significantly
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higher in Osteopenia group as compared to Osteoporosis group.
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Figure 4 Comparison of three groups (Healthy group, Osteopenia group and Osteoporosis group) with Serum
calcium values

Table 3: Comparison of three groups (Healthy group, Osteopenia group and Osteoporosis group) with Serum
alkaline phosphatase values by one way ANOVA

Groups Mean Median Std.Dev. 95% CI for mean
Lower Upper

Healthy group 96.54 93.00 30.89 90.08 103.01

Osteopenia group 97.18 91.50 29.31 91.04 103.32

Osteoporosis group 99.21 92.50 32.75 92.35 106.07

F-value 0.1814

P-value 0.8342

Pair wise comparisons by Tukeys multiple posthoc procedures

Healthy group vs Osteopenia group p=0.9895

Healthy group vs Osteoporosis group p=0.8325

Osteopenia group vs Osteoporosis group p=0.8994
*p<0.05

Figure: Comparison of three groups (Healthy group, Osteopenia group and Osteoporosis group) with Serum alkaline
phosphatase values
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Figure 5 Comparison of three groups (Healthy group, Osteopenia group and Osteoporosis group) with Serum
alkaline phosphatase

4. DISCUSSION

The results of the study, reveal that there is a great difference amongst the three groups in Dexa values (H=225.6000,
p=0.0001). The bone mineral density (BMD) was the highest in healthy individuals, then in osteopenia groups and the lowest
in osteoporosis groups. In large scale NHANES analyses, elevated ALP has been shown to be a risk biomarker for
osteoporosis and lower BMD [5][6][9]. Higher ALP levels in osteoporosis patients also add to the role of bone metabolism
in the disease progression [10]. Findings have also been made that estrogen deficiency accelerates bone turnover and
increases fracture risk, as BMD in osteoporosis patients has also significantly dropped [13]. It has been shown that nutritional
supplementation, calcium fluoride nanoparticles or probiotics mitigate BMD loss in an intervention. It emphasizes on early
intervention strategies [15][16][19].

=\ Osteoporotic
bone

Figure 6 BMD levels in normal bone v. Osteoporotic Bone (Mount Sinai, 2023)

Different brands of commercial drug tests give different results, but less so than in Dexa values (H=8.4170, p=0.0150), and
serum calcium levels were variable among groups. No significant difference was seen between the healthy and osteopenia
groups (p=0.0795) or healthy and osteoporosis groups (p=0.3132) thus calcium homeostasis may not be the sole indicator of
osteoporosis. An important difference between the osteopenia and the osteoporosis groups (p=0.0038) is however to
calculated calcium regulation in osteoporosis. Examples of studies that matched with this include showing an association of
osteoporosis with altered calcium metabolism and bone turnover markers [8][15]. Not only that, calcium gluconate,
combined with calcitriol, have been shown to improve BMD, suggesting that improving calcium absorption is key for
managing osteoporosis [17]. Likewise, supplementary nanopowder eggshell improves bone biomarkers and calcium levels
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in osteoporotic models, which may suggest some therapeutic applications [18].

The findings also stress the relevance of the inflammatory markers as well as the oxidative stress in osteoporosis. As
previously demonstrated by other researchers, osteoporotic fracture patients demonstrate elevated inflammatory markers
such as CRP and D dimer, that decrease over time following the operation as bone healing progresses [3]. Due to the
antioxidative agents, probucol has been shown to promote osteogenic differentiation and to alleviate osteoporosis by
decreasing oxidative stress [14]. Besides, studies on Wifl confirm its function in promoting osteoblast mineralization and
bone formation to add to molecular mechanisms in osteoporosis treatment [20].
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Figure 7 Gossypol treatment using Wifl of osteoporosis (ResearchGate, 2019)

Taking these findings into account, it is important to detect and treat osteoporosis early. The findings of the negative
correlation between ALP and BMD suggests that the ALP is a potential predictor of future bone loss [9]. Additionally,
combining calcium with probiotics, or specific, targeted molecular therapies is also a potential to improve bone density and
also to reduce further osteoporosis progression [15][16][19][20]. These findings confirm the critical need of personalized
treatments strategy both in nutrition, pharmacology and in molecular aspects to promote bone health and prevent fractures.

5. CONCLUSION

The observations made in this study highlight the critical involvement of bone metabolism in the course of the disease and
dogmatize the broad differences in bone mineral density (BMD) between normal, osteopenic and osteoporotic people. These
findings support that osteoporosis is also associated with decreased BMD, elevated total and BMD alkaline phosphatase.
These biochemical markers of bone turnover and of potential disease progression are in the level expected in previous large
studies of osteoporosis risk factors. The results also show that estrogen is important in preventing the bone loss since it has
also been shown to slow bone resorption and decrease fractures. Therefore, it is essential to prevent complications related to
osteoporosis with early identification of people at risk and adequate interventions.

The study also proves that the calcium levels alone is not always enough to diagnose osteoporosis as there were no significant
differences in calcium levels between osteopenic and osteoporotic persons. This indicates that the homeostasis of calcium is
disturbed in the advanced osteoporosis but is only minimally affected in earlier stages. Our findings highlight the importance
of bone health evaluation that includes measurement of BMD in combination with the bone turnover markers, instead of
serum calcium levels. It is also known that the inflammation and oxidative stress play a role in osteoporosis pathology and
it was shown with the previous research that there is correlation between inflammatory markers and risk of fractures and
delayed bone healing. Therefore, directed anti-inflammatory and antioxidant therapies may help to improve bone health and
fracture recovery.

This research adds to the requirement of early detection and personalization in the strategy for the treatment of osteoporosis.
However, calciumsupplementation, probiotics and interventions directed to molecular therapy of bone metabolism could be
highly integrative. In future studies, new therapeutic approaches are needed that are based on the use of nanotechnology as
supplements or gene targeted treatments to improve outcomes in osteoporosis prevention and treatment.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 19s
pg. 427



Dr. Anju B. Uppin, Dr. B. R. Tubaki, Dr. Kiran Patil, Dr. B. R. Tubaki

REFERENCES

[1] Ali, N. K. (2018). Estimation of some mineral (calcium, phosphorous, vitamin 25 (OH) D and alkaline
phosphatase) in  osteoporosis patients in  Kirkuk city.J Osteopor Phys Act, 6(2), 2-4.
https://api.semanticscholar.org/CorpuslD:54064085

[2] Ali, N. K. (2019). Evaluation of the Main Minerals in Osteoporosis Patients: Calcium, Phosphorus, Vitamin 25
(OH) D and Alkaline Phosphatase as a Case Study. Indian Journal of Public Health, 10(6). 10.5958/0976-
5506.2019.01338.X

[3] Chen, Z., Xie, L., Xu, J., Lin, X., Ye, J., Shao, R., & Yao, X. (2021). Changes in alkaline phosphatase, calcium,
C-reactive protein, D-dimer, phosphorus and hemoglobin in elderly osteoporatic hip fracture patients. Annals
of palliative medicine, 10(2), 1079088-1071088. https://doi.org/10.21037/apm-20-218

[4] Makris, K., Mousa, C., & Cavalier, E. (2023). Alkaline phosphatases: biochemistry, functions, and
measurement. Calcified Tissue International, 112(2), 233-242. https://doi.org/10.1007/s00223-022-01048-x

[5] Chen, R., Gong, K., Chen, W., Chen, Z., Hua, X., Tan, J., ... & Zhou, S. (2024). Association of serum alkaline
phosphatase levels with bone mineral density, osteoporosis prevalence, and mortality in US adults with
osteoporosis: evidence from NHANES 2005-2018. Osteoporosis International, 1-15.
https://doi.org/10.1007/s00198-024-07324-w

[6] Shu,J., Tan, A., Li, Y., Huang, H., & Yang, J. (2022). The correlation between serum total alkaline phosphatase
and bone mineral density in young adults. BMC Musculoskeletal Disorders, 23(1), 467.
https://doi.org/10.1186/s12891-022-05438-y

[7] Ciosek, Z., Kot, K., Kosik-Bogacka, D., Lanocha-Arendarczyk, N., & Rotter, I. (2021). The effects of calcium,
magnesium,  phosphorus,  fluoride, and lead on bone tissue. Biomolecules, 11(4), 506.
https://doi.org/10.3390/biom11040506

[8] Tariq, S., Tariq, S., & Shahzad, M. (2021). Association of serum chemerin with calcium, alkaline phosphatase
and bone mineral density in postmenopausal females. Pakistan journal of medical sciences, 37(2), 384.
10.12669/pjms.37.2.3907

[9] Cheng, X., & Zhao, C. (2023). The correlation between serum levels of alkaline phosphatase and bone mineral
density in adults aged 20 to 59 years. Medicine, 102(32), e34755. 10.1097/MD.0000000000034755

[10]Chen, Y., Sun, X., Sui, X., Li, Y., & Wang, Z. (2023). Application of bone alkaline phosphatase and 25-
oxhydryl-vitamin D in diagnosis and prediction of osteoporotic vertebral compression fractures. Journal of
Orthopaedic Surgery and Research, 18(1), 739. https://doi.org/10.1186/s13018-023-04144-2

[11] Haarhaus, M., Cianciolo, G., Barbuto, S., La Manna, G., Gasperoni, L., Tripepi, G., ... & Magnusson, P. (2022).
Alkaline phosphatase: an old friend as treatment target for cardiovascular and mineral bone disorders in chronic
kidney disease. Nutrients, 14(10), 2124. https://doi.org/10.3390/nu14102124

[12] Panchagnula, R., & Amarnath, S. S. (2023). Osteoporosis: Investigations and monitoring. Indian Journal of
Orthopaedics, 57(Suppl 1), 70-81. https://doi.org/10.1007/s43465-023-01019-w

[13] Morgan, E. N., Alsharidah, A. S., Mousa, A. M., & Edrees, H. M. (2021). Irisin has a protective role against
osteoporosis in ovariectomized rats. BioMed Research International, 2021(1), 5570229.
https://doi.org/10.1155/2021/5570229

[14] Tao, Z. S., Li, T. L., & Wei, S. (2022). Probucol promotes osteoblasts differentiation and prevents osteoporosis
development through reducing oxidative stress. Molecular Medicine, 28(1), 75.
https://doi.org/10.1186/s10020-022-00503-7

[15]Ni, H., Zhang, S., Niu, X., & Dai, S. (2022). Meta-Analysis of Effects of Nutritional Intervention Combined
with Calcium Carbonate D3 Tablets on Bone Mineral Density, Bone Metabolism, and Curative Effect in
Patients ~ with  Osteoporosis. Contrast Media &  Molecular  Imaging, 2022(1),  3670007.
https://doi.org/10.1155/2022/3670007

[16] Rahmani, D., Faal, B., Zali, H., Tackallou, S. H., & Niknam, Z. (2023). The beneficial effects of simultaneous
supplementation of Lactobacillus reuteri and calcium fluoride nanoparticles on ovariectomy-induced
osteoporosis. BMC Complementary Medicine and Therapies, 23(1), 340. https://doi.org/10.1186/s12906-023-
04167-6

[17] Zhang, J., Li, Z., Shen, L., & Zhou, X. (2024). Clinical effectiveness of calcitriol and calcium gluconate in
treating older male patients with osteoporosis. J Men Health, 20, 93-100.
https://api.semanticscholar.org/CorpuslD:268216666

[18] Salama, R. H., Ali, S. S., Salama, T. H. M., Almged, M. A., Alsanory, T. A., Alsanory, A. A,, ... & Ezzat, G.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 19s
pg. 428


https://api.semanticscholar.org/CorpusID:54064085
http://dx.doi.org/10.5958/0976-5506.2019.01338.X
http://dx.doi.org/10.5958/0976-5506.2019.01338.X
https://doi.org/10.21037/apm-20-218
https://doi.org/10.1007/s00223-022-01048-x
https://doi.org/10.1007/s00198-024-07324-w
https://doi.org/10.1186/s12891-022-05438-y
https://doi.org/10.3390/biom11040506
https://doi.org/10.12669/pjms.37.2.3907
https://doi.org/10.1097/md.0000000000034755
https://doi.org/10.1186/s13018-023-04144-2
https://doi.org/10.3390/nu14102124
https://doi.org/10.1007/s43465-023-01019-w
https://doi.org/10.1155/2021/5570229
https://doi.org/10.1186/s10020-022-00503-7
https://doi.org/10.1155/2022/3670007
https://doi.org/10.1186/s12906-023-04167-6
https://doi.org/10.1186/s12906-023-04167-6
https://api.semanticscholar.org/CorpusID:268216666

Dr. Anju B. Uppin, Dr. B. R. Tubaki, Dr. Kiran Patil, Dr. B. R. Tubaki

M. (2023). Dietary effects of nanopowder eggshells on mineral contents, bone turnover biomarkers, and
regulators of bone resorption in healthy rats and ovariectomy-induced osteoporosis rat model. Applied
Biochemistry and Biotechnology, 195(8), 5034-5052. https://doi.org/10.1007/s12010-022-04038-9

[19] Gholami, A., Dabbaghmanesh, M. H., Ghasemi, Y., Koohpeyma, F., Talezadeh, P., & Montazeri-Najafabady,
N. (2022). The ameliorative role of specific probiotic combinations on bone loss in the ovariectomized rat
model. BMC Complementary Medicine and Therapies, 22(1), 241. https://doi.org/10.1186/s12906-022-03713-
y

[20] Gu, Y., Zhao, J., Wang, J., Jiang, Y., Jing, Y., Xu, K., & Su, J. (2024). Osteoblast-derived extracellular vesicles
exert bone formation effects by WIF1-mediated regulation of mitophagy. Medicine Plus, 1(2), 100033.
https://doi.org/10.1016/j.medp.2024.100033

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 19s
pg. 429


https://doi.org/10.1007/s12010-022-04038-9
https://doi.org/10.1186/s12906-022-03713-y
https://doi.org/10.1186/s12906-022-03713-y
https://doi.org/10.1016/j.medp.2024.100033

