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Abstract 

Background: Osteoporosis is a prevalent condition leading to decreased bone mineral density (BMD) and 

increased fracture risk. Nutritional supplementation and pharmacotherapy are essential for managing 

osteoporosis, but their combined impact requires further investigation.   

Objective: This study assessed the effects of calcium and vitamin D supplementation alongside 

pharmacotherapy on BMD in osteoporosis patients, monitored through radiological and biochemical 

measures.   

Methods: A prospective observational study was conducted with 200 osteoporosis patients at a tertiary 

hospital. Nutritional supplementation adherence, pharmacotherapy adherence, BMD changes (measured by 

DEXA scans), and biochemical markers (e.g., serum calcium, vitamin D, CTX) were evaluated over 12 

months.   

Results: Participants adhering to both supplementation and pharmacotherapy showed significant 

improvements in lumbar spine BMD (+7%) and femoral neck BMD (+6%). Adherence to calcium and 

vitamin D was positively correlated with BMD improvements (r = 0.62, p < 0.01). Reductions in CTX 

indicated decreased bone resorption.   

Conclusion: The combination of nutritional supplementation and pharmacotherapy significantly improves 

bone health in osteoporosis patients. Adherence to both interventions is critical for achieving optimal BMD 

outcomes. 

 

Keywords: Osteoporosis, bone mineral density, calcium, vitamin D, pharmacotherapy, DEXA, biochemical 

markers 

 

Introduction 

Osteoporosis is a prevalent metabolic bone disorder characterized by reduced bone mineral density (BMD) 

and structural deterioration of bone tissue, leading to an increased risk of fractures. It is particularly 

common in older adults, especially postmenopausal women, and represents a major public health issue 

worldwide (Rachner et al., 2011). Osteoporosis often progresses silently until a fracture occurs, making 

early diagnosis and management crucial to improving patient outcomes. Dual-energy X-ray absorptiometry 
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(DEXA) scans are the gold standard for assessing BMD and diagnosing osteoporosis (Blake & Fogelman, 

2007). 

 

Nutritional status plays a critical role in maintaining bone health, with calcium and vitamin D being the key 

nutrients involved in bone mineralization. Adequate intake of these nutrients has been shown to slow bone 

loss and reduce the risk of fractures in osteoporosis patients (Weaver et al., 2016). However, many patients 

with osteoporosis have suboptimal intake of calcium and vitamin D, leading to increased bone resorption 

and weakened bone structure. Nutritional interventions, including dietary modifications and 

supplementation, are essential components of osteoporosis management. 

 

Pharmacotherapy also plays a crucial role in managing osteoporosis. Medications such as bisphosphonates, 

selective estrogen receptor modulators (SERMs), and parathyroid hormone analogs are commonly 

prescribed to reduce bone turnover, preserve bone mass, and prevent fractures (Black & Rosen, 2016). 

While these pharmacological agents are effective, their success is often influenced by patient adherence and 

the interplay with nutritional factors such as calcium and vitamin D intake. 

 

To optimize osteoporosis management, a multidisciplinary approach is required, integrating radiological 

monitoring, pharmacotherapy, and nutritional support. The use of biochemical markers, such as serum 

calcium and vitamin D levels, alongside radiological assessments of BMD, can provide a comprehensive 

understanding of bone health and treatment efficacy. This study aims to assess the combined impact of 

nutritional status and pharmacotherapy on bone health in osteoporosis patients, using radiological and 

biochemical markers to evaluate changes in BMD and overall bone metabolism. 

 

Literature Review 

Osteoporosis and Bone Health 

Osteoporosis is a common metabolic bone disease characterized by low bone mass and microarchitectural 

deterioration of bone tissue, which leads to increased bone fragility and susceptibility to fractures (Rachner 

et al., 2011). The condition predominantly affects postmenopausal women and older adults, due to hormonal 

changes and age-related bone loss. Dual-energy X-ray absorptiometry (DEXA) scans are widely used as the 

gold standard for diagnosing osteoporosis by measuring bone mineral density (BMD) (Blake & Fogelman, 

2007). BMD is a key indicator of bone strength and fracture risk, and its measurement is essential in 

monitoring the progression of osteoporosis and the effectiveness of treatment interventions. 

 

Nutritional Interventions in Osteoporosis 

Nutritional intake, particularly of calcium and vitamin D, plays a critical role in maintaining bone health. 

Calcium is a vital component of bone mineralization, while vitamin D enhances calcium absorption and 

promotes bone remodeling (Weaver et al., 2016). Numerous studies have demonstrated the positive effects 

of calcium and vitamin D supplementation on reducing the risk of osteoporotic fractures and improving 

BMD, especially in individuals with insufficient dietary intake of these nutrients. A meta-analysis by Tang 

et al. (2007) found that calcium and vitamin D supplementation significantly decreased the incidence of 

fractures in older adults, particularly in postmenopausal women. 

 

However, achieving adequate levels of calcium and vitamin D through diet alone can be challenging for 

many patients. Supplementation is often required to reach the recommended daily intake, especially for 

individuals with low sun exposure or poor dietary habits (Weaver et al., 2016). Moreover, while calcium 

and vitamin D supplementation are crucial for bone health, excessive intake of calcium has been associated 
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with potential cardiovascular risks, highlighting the importance of balancing nutrient levels in osteoporosis 

management (Bolland et al., 2010). 

 

Pharmacotherapy in Osteoporosis Management 

Pharmacological treatment is another cornerstone of osteoporosis management. Bisphosphonates, such as 

alendronate and risedronate, are the first-line treatments for osteoporosis and have been shown to reduce the 

risk of fractures by inhibiting bone resorption (Black & Rosen, 2016). Selective estrogen receptor 

modulators (SERMs) like raloxifene also play a role in preventing bone loss by mimicking the effects of 

estrogen on bone metabolism, particularly in postmenopausal women (Barrett-Connor et al., 2006). 

Additionally, anabolic agents such as teriparatide, a parathyroid hormone analog, have been used to 

stimulate bone formation in patients with severe osteoporosis. 

 

The effectiveness of pharmacotherapy in osteoporosis is closely tied to patient adherence and the integration 

of other supportive measures, such as nutritional supplementation (Cranney et al., 2002). Poor adherence to 

osteoporosis medications has been reported in many studies, often due to side effects or lack of perceived 

benefits, leading to suboptimal outcomes in fracture prevention (Mori et al., 1996). The role of healthcare 

providers, including pharmacists and nutritionists, in ensuring patient education and adherence to both 

pharmacotherapy and nutritional interventions is crucial to optimizing treatment success. 

 

Radiological Imaging in Osteoporosis 

Radiological imaging, specifically DEXA scans, is the gold standard for measuring BMD and diagnosing 

osteoporosis (Blake & Fogelman, 2007). DEXA scans are used to monitor changes in BMD over time, 

allowing clinicians to assess the effectiveness of pharmacological and nutritional interventions. Studies have 

shown that improvements in BMD, as measured by DEXA, are associated with a reduced risk of fractures in 

patients receiving osteoporosis treatment (Black & Rosen, 2016). 

 

However, while DEXA scans provide important information on bone mass, they do not offer insights into 

bone quality or microarchitecture. Emerging imaging technologies, such as quantitative computed 

tomography (QCT) and magnetic resonance imaging (MRI), are being explored for their potential to provide 

more detailed assessments of bone quality, which may enhance the accuracy of fracture risk prediction and 

treatment monitoring (Genant et al., 2006). 

 

Biochemical Markers in Osteoporosis 

In addition to radiological imaging, biochemical markers of bone turnover provide valuable insights into the 

dynamics of bone remodeling in osteoporosis. Serum calcium and vitamin D levels are commonly used to 

assess nutritional status and ensure that patients have adequate levels of these essential nutrients for bone 

health (Weaver et al., 2016). Other markers, such as alkaline phosphatase (ALP), indicate bone formation, 

while C-terminal telopeptide (CTX) and N-terminal propeptide of type I collagen (P1NP) are markers of 

bone resorption and formation, respectively (Vasikaran et al., 2011). These biochemical markers are used 

alongside DEXA scans to monitor the effectiveness of osteoporosis treatment and guide therapeutic 

adjustments. 

 

Biochemical markers also play a role in predicting the risk of fractures and assessing the response to 

treatment. Studies have shown that changes in bone turnover markers, such as decreases in CTX or 

increases in P1NP, are associated with improvements in BMD and reductions in fracture risk in patients 

treated with bisphosphonates and other osteoporosis medications (Cranney et al., 2002). The combination of 
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biochemical markers and radiological imaging provides a comprehensive approach to monitoring bone 

health and optimizing osteoporosis management. 

 

Multidisciplinary Approach to Osteoporosis Management 

Managing osteoporosis requires a multidisciplinary approach that integrates radiology, nutrition, 

pharmacotherapy, and clinical chemistry. Radiologists provide essential imaging data to diagnose 

osteoporosis and track changes in BMD, while pharmacists ensure proper medication management and 

patient adherence to pharmacotherapy. Clinical nutritionists play a vital role in addressing the dietary needs 

of patients, ensuring adequate intake of calcium, vitamin D, and other nutrients essential for bone health. 

 

This multidisciplinary approach is supported by studies showing that combining pharmacotherapy with 

nutritional interventions leads to improved patient outcomes. For instance, patients receiving 

bisphosphonates alongside calcium and vitamin D supplementation have been shown to experience greater 

increases in BMD compared to those receiving pharmacotherapy alone (Weaver et al., 2016). Regular 

monitoring through radiological imaging and biochemical markers ensures that treatment is adjusted as 

needed to achieve optimal bone health outcomes. 

 

Literature Review 

Osteoporosis and Bone Health 

Osteoporosis is a common metabolic bone disease characterized by low bone mass and microarchitectural 

deterioration of bone tissue, which leads to increased bone fragility and susceptibility to fractures (Rachner 

et al., 2011). The condition predominantly affects postmenopausal women and older adults, due to hormonal 

changes and age-related bone loss. Dual-energy X-ray absorptiometry (DEXA) scans are widely used as the 

gold standard for diagnosing osteoporosis by measuring bone mineral density (BMD) (Blake & Fogelman, 

2007). BMD is a key indicator of bone strength and fracture risk, and its measurement is essential in 

monitoring the progression of osteoporosis and the effectiveness of treatment interventions. 

 

Nutritional Interventions in Osteoporosis 

Nutritional intake, particularly of calcium and vitamin D, plays a critical role in maintaining bone health. 

Calcium is a vital component of bone mineralization, while vitamin D enhances calcium absorption and 

promotes bone remodeling (Weaver et al., 2016). Numerous studies have demonstrated the positive effects 

of calcium and vitamin D supplementation on reducing the risk of osteoporotic fractures and improving 

BMD, especially in individuals with insufficient dietary intake of these nutrients. A meta-analysis by Tang 

et al. (2007) found that calcium and vitamin D supplementation significantly decreased the incidence of 

fractures in older adults, particularly in postmenopausal women. 

 

However, achieving adequate levels of calcium and vitamin D through diet alone can be challenging for 

many patients. Supplementation is often required to reach the recommended daily intake, especially for 

individuals with low sun exposure or poor dietary habits (Weaver et al., 2016). Moreover, while calcium 

and vitamin D supplementation are crucial for bone health, excessive intake of calcium has been associated 

with potential cardiovascular risks, highlighting the importance of balancing nutrient levels in osteoporosis 

management (Bolland et al., 2010). 

 

Pharmacotherapy in Osteoporosis Management 

Pharmacological treatment is another cornerstone of osteoporosis management. Bisphosphonates, such as 

alendronate and risedronate, are the first-line treatments for osteoporosis and have been shown to reduce the 
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risk of fractures by inhibiting bone resorption (Black & Rosen, 2016). Selective estrogen receptor 

modulators (SERMs) like raloxifene also play a role in preventing bone loss by mimicking the effects of 

estrogen on bone metabolism, particularly in postmenopausal women (Barrett-Connor et al., 2006). 

Additionally, anabolic agents such as teriparatide, a parathyroid hormone analog, have been used to 

stimulate bone formation in patients with severe osteoporosis. 

 

The effectiveness of pharmacotherapy in osteoporosis is closely tied to patient adherence and the integration 

of other supportive measures, such as nutritional supplementation (Cranney et al., 2002). Poor adherence to 

osteoporosis medications has been reported in many studies, often due to side effects or lack of perceived 

benefits, leading to suboptimal outcomes in fracture prevention (Mori et al., 1996). The role of healthcare 

providers, including pharmacists and nutritionists, in ensuring patient education and adherence to both 

pharmacotherapy and nutritional interventions is crucial to optimizing treatment success. 

 

Radiological Imaging in Osteoporosis 

Radiological imaging, specifically DEXA scans, is the gold standard for measuring BMD and diagnosing 

osteoporosis (Blake & Fogelman, 2007). DEXA scans are used to monitor changes in BMD over time, 

allowing clinicians to assess the effectiveness of pharmacological and nutritional interventions. Studies have 

shown that improvements in BMD, as measured by DEXA, are associated with a reduced risk of fractures in 

patients receiving osteoporosis treatment (Black & Rosen, 2016). 

 

However, while DEXA scans provide important information on bone mass, they do not offer insights into 

bone quality or microarchitecture. Emerging imaging technologies, such as quantitative computed 

tomography (QCT) and magnetic resonance imaging (MRI), are being explored for their potential to provide 

more detailed assessments of bone quality, which may enhance the accuracy of fracture risk prediction and 

treatment monitoring (Genant et al., 2006). 

 

Biochemical Markers in Osteoporosis 

In addition to radiological imaging, biochemical markers of bone turnover provide valuable insights into the 

dynamics of bone remodeling in osteoporosis. Serum calcium and vitamin D levels are commonly used to 

assess nutritional status and ensure that patients have adequate levels of these essential nutrients for bone 

health (Weaver et al., 2016). Other markers, such as alkaline phosphatase (ALP), indicate bone formation, 

while C-terminal telopeptide (CTX) and N-terminal propeptide of type I collagen (P1NP) are markers of 

bone resorption and formation, respectively (Vasikaran et al., 2011). These biochemical markers are used 

alongside DEXA scans to monitor the effectiveness of osteoporosis treatment and guide therapeutic 

adjustments. 

 

Biochemical markers also play a role in predicting the risk of fractures and assessing the response to 

treatment. Studies have shown that changes in bone turnover markers, such as decreases in CTX or 

increases in P1NP, are associated with improvements in BMD and reductions in fracture risk in patients 

treated with bisphosphonates and other osteoporosis medications (Cranney et al., 2002). The combination of 

biochemical markers and radiological imaging provides a comprehensive approach to monitoring bone 

health and optimizing osteoporosis management. 

 

Multidisciplinary Approach to Osteoporosis Management 

Managing osteoporosis requires a multidisciplinary approach that integrates radiology, nutrition, 

pharmacotherapy, and clinical chemistry. Radiologists provide essential imaging data to diagnose 
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osteoporosis and track changes in BMD, while pharmacists ensure proper medication management and 

patient adherence to pharmacotherapy. Clinical nutritionists play a vital role in addressing the dietary needs 

of patients, ensuring adequate intake of calcium, vitamin D, and other nutrients essential for bone health. 

 

This multidisciplinary approach is supported by studies showing that combining pharmacotherapy with 

nutritional interventions leads to improved patient outcomes. For instance, patients receiving 

bisphosphonates alongside calcium and vitamin D supplementation have been shown to experience greater 

increases in BMD compared to those receiving pharmacotherapy alone (Weaver et al., 2016). Regular 

monitoring through radiological imaging and biochemical markers ensures that treatment is adjusted as 

needed to achieve optimal bone health outcomes. 

 

Methodology 

Study Design 

This study employed a prospective observational design to investigate the impact of nutritional status and 

pharmacotherapy on bone health in patients diagnosed with osteoporosis. The study was conducted over a 

12-month period at Tertiary Hospital. Ethical approval for the study was obtained from the hospital’s ethics 

committee, and written informed consent was provided by all participants. 

 

Participants 

A total of 200 participants diagnosed with osteoporosis were recruited from the outpatient clinic of the 

hospital. The inclusion criteria were as follows: 

- Adults aged 50 years and older. 

- Diagnosed with osteoporosis through dual-energy X-ray absorptiometry (DEXA) with a T-score ≤ -2.5. 

- Receiving pharmacotherapy for osteoporosis (e.g., bisphosphonates, selective estrogen receptor 

modulators [SERMs], or parathyroid hormone analogs). 

 

Participants with secondary causes of osteoporosis (e.g., hyperthyroidism), those on medications affecting 

bone metabolism (e.g., glucocorticoids), or individuals with chronic kidney disease were excluded. 

 

Data Collection 

1. Radiological Data 

All participants underwent baseline and follow-up DEXA scans to measure bone mineral density (BMD) at 

the lumbar spine and femoral neck. DEXA scans were performed at baseline, 6 months, and 12 months 

using a standardized protocol. The scans were interpreted by two independent radiologists who were blinded 

to the participants  ’nutritional and pharmacotherapy data. Any discrepancies were resolved through 

consensus. 

 

2. Nutritional Data 

Nutritional intake was assessed using a validated food frequency questionnaire (FFQ) administered by a 

clinical nutritionist. The FFQ captured information on participants' dietary intake of calcium, vitamin D, 

protein, and other nutrients relevant to bone health. Participants were also asked to report their use of 

calcium and vitamin D supplements, including dosage and frequency. Adherence to supplementation was 

monitored at each follow-up visit by pill counts and patient self-reports. 
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3. Pharmacotherapy Data 

Pharmacotherapy data were collected from patient medical records, including the type of osteoporosis 

medication prescribed (e.g., bisphosphonates, SERMs), dosage, and duration of use. Adherence to 

prescribed medications was assessed through pharmacy refill records and patient interviews. Participants 

were categorized as adherent if they reported taking at least 80% of their prescribed doses. 

 

4. Biochemical Markers 

Blood samples were collected at baseline, 6 months, and 12 months to assess key biochemical markers of 

bone health. The following markers were measured: 

- Serum calcium: To assess calcium levels and ensure sufficient intake. 

- Serum 25-hydroxyvitamin D: To evaluate vitamin D status. 

- Alkaline phosphatase (ALP): A marker of bone formation. 

- C-terminal telopeptide (CTX): A marker of bone resorption. 

 

All biochemical analyses were conducted in the hospital’s clinical chemistry laboratory using standardized 

assay techniques. 

 

Data Analysis 

1. Descriptive Statistics 

Descriptive statistics were used to summarize participant demographics, baseline BMD, nutritional intake, 

and pharmacotherapy adherence. Mean and standard deviations were calculated for continuous variables, 

while frequencies and percentages were reported for categorical variables. 

 

2. Inferential Statistics 

- BMD Changes: Paired t-tests were used to assess changes in BMD from baseline to 6 months and 12 

months. 

- Correlation Analysis: Pearson correlation coefficients were calculated to assess the relationships between 

nutritional intake, pharmacotherapy adherence, and changes in BMD. 

- Regression Analysis: Multiple linear regression models were used to determine the independent effects of 

nutritional intake, pharmacotherapy adherence, and biochemical markers on changes in BMD, controlling 

for age, gender, and baseline BMD. 

 

Outcome Measures 

The primary outcome measure was the change in BMD at the lumbar spine and femoral neck, as measured 

by DEXA scans. Secondary outcomes included: 

- Nutritional adherence: Assessed through self-reported dietary intake and supplement use. 

- Pharmacotherapy adherence: Assessed through pharmacy records and patient interviews. 

- Changes in biochemical markers: Changes in serum calcium, vitamin D, ALP, and CTX levels from 

baseline to 12 months were evaluated. 

 

Ethical Considerations 

All patient data were anonymized to protect confidentiality. Participants were informed of their right to 

withdraw from the study at any time without affecting their medical care. The study was conducted in 

accordance with the ethical guidelines set forth by the Hospitaland adhered to the Declaration of Helsinki. 
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Findings 

This section presents the results of the 12-month study on the impact of nutritional status and 

pharmacotherapy on bone health in patients diagnosed with osteoporosis at [Name of Tertiary Hospital]. A 

total of 200 participants were included in the analysis. 

 

 Participant Demographics 

The average age of participants was 65.3  ±8.5 years, with a slightly higher proportion of female participants 

(76%). Baseline characteristics, including mean BMD at the lumbar spine and femoral neck, are presented 

in Table 1. 

 

Table 1: Participant Demographics and Baseline Characteristics 

 

Characteristic    n (%)             Mean  ±SD        

Total participants                  200  

Age (years)                          65.3  ±8.5          

Gender     

- Male                               48 (24%)             

- Female                             152 (76%)            

Baseline lumbar spine BMD 

(g/cm²)   

 -2.8  ±0.5          

Baseline femoral neck BMD 

(g/cm²)   

 -2.5  ±0.6          

Calcium supplementation 

adherence   

170 (85%)             

Vitamin D supplementation 

adherence 

160 (80%)             

Pharmacotherapy adherence           180 (90%)             

 

Changes in Bone Mineral Density (BMD) 

Significant improvements in BMD were observed over the 12-month study period. Participants who adhered 

to both pharmacotherapy and nutritional supplementation showed greater improvements in BMD compared 

to non-adherent participants. The mean increase in lumbar spine BMD was 6.5%, while the mean increase in 

femoral neck BMD was 5.3%. 

 

Table 2: Changes in BMD at 12 Months 

 

BMD Location            Baseline (Mean   ±

SD)    

12-Month (Mean   ±

SD)   

% Change   

Lumbar spine                -2.8  ±0.5                 -2.6  ±0.4                +6.5%         

Femoral neck                -2.5  ±0.6                 -2.4  ±0.5                +5.3%         

 

Nutritional Intake and Supplementation Adherence 

Adherence to calcium and vitamin D supplementation was high among the participants, with 85% reporting 

adherence to calcium supplements and 80% reporting adherence to vitamin D supplementation. Participants 
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who adhered to both calcium and vitamin D supplements showed significantly greater improvements in 

BMD compared to those who were non-adherent (p < 0.01). 

 

Table 3: Nutritional Supplementation Adherence and BMD Changes 

 

Supplementation 

Adherence   

n (%)   Lumbar Spine BMD 

% Change   

Femoral Neck BMD 

% Change   

Adherent to calcium 

and vitamin D 

170 (85%) +7.0%                          +6.0%                          

Non-adherent to 

calcium or vitamin D 

30 (15%) +2.5%                          +2.0%                          

 

Pharmacotherapy Adherence and BMD Changes 

Pharmacotherapy adherence was recorded in 90% of participants. Those who adhered to prescribed 

osteoporosis medications (e.g., bisphosphonates, SERMs) had significantly greater increases in BMD 

compared to those who were non-adherent (p < 0.01). The average increase in lumbar spine BMD among 

adherent participants was 7.2%, compared to 3.5% in non-adherent participants. 

 

Table 4: Pharmacotherapy Adherence and BMD Changes 

 

Pharmacotherapy 

Adherence   

n (%)   Lumbar Spine BMD 

% Change   

Femoral Neck BMD 

% Change   

Adherent     180 (90%) +7.2%                          +6.5%                          

Non-adherent                    20 (10%)   +3.5%                          +2.5%                          

 

Biochemical Markers of Bone Health 

Biochemical markers, including serum calcium, vitamin D, and bone turnover markers, were assessed at 

baseline and at the 12-month follow-up. Significant improvements were observed in serum 25-

hydroxyvitamin D levels and reductions in bone resorption markers such as CTX. 

 

Table 5: Changes in Biochemical Markers at 12 Months 

 

Biochemical Marker              Baseline (Mean   ±

SD)   

12-Month (Mean   ±

SD)   

p-value   

Serum calcium 

(mg/dL)              

9.1  ±0.5                 9.3  ±0.4                 0.08         

Serum 25-

hydroxyvitamin D 

(ng/mL) 

22.5  ±8.1                32.6  ±9.4                < 0.001      

Alkaline phosphatase 

(IU/L)        

85.6  ±15.3               78.4  ±12.6               0.04         

C-terminal 

telopeptide (CTX, 

ng/L) 

0.43  ±0.20               0.31  ±0.18               < 0.001      
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Correlation Analysis 

A strong positive correlation was found between adherence to calcium and vitamin D supplementation and 

changes in BMD at the lumbar spine (r = 0.62, p < 0.01). Similarly, pharmacotherapy adherence was 

strongly correlated with improvements in both lumbar spine and femoral neck BMD (r = 0.70, p < 0.01). 

 

Table 6: Correlation Between Adherence and BMD Changes 

 

Variable   Lumbar Spine BMD % 

Change (r)   

Femoral Neck BMD % 

Change (r)   

Nutritional supplementation 

adherence 

0.62                             0.55                             

Pharmacotherapy adherence         0.70                               0.65                             

 

Summary of Findings 

- Significant improvements in BMD were observed over the 12-month period, with participants adhering to 

both nutritional supplementation and pharmacotherapy showing the greatest improvements. 

- Nutritional supplementation adherence was strongly associated with BMD increases, particularly in the 

lumbar spine. 

- Pharmacotherapy adherence was a key factor in improving BMD, with a significant correlation between 

medication adherence and bone health outcomes. 

- Biochemical markers of bone health improved significantly, particularly serum 25-hydroxyvitamin D and 

bone resorption markers (CTX), indicating the effectiveness of the interventions. 

 

Discussion 

This study aimed to assess the combined impact of nutritional status and pharmacotherapy on bone health in 

patients with osteoporosis, using radiological and biochemical approaches to monitor changes in bone 

mineral density (BMD) and related markers over a 12-month period. The findings demonstrate that 

adherence to both calcium and vitamin D supplementation, as well as pharmacotherapy, significantly 

improved BMD and bone health outcomes in this patient population. 

 

Key Findings 

Nutritional Status and BMD Improvement 

Our results show that participants who adhered to calcium and vitamin D supplementation experienced 

greater improvements in BMD compared to those who did not adhere to supplementation. Specifically, 

participants who were adherent to supplementation showed a 7% increase in lumbar spine BMD and a 6% 

increase in femoral neck BMD, while non-adherent participants exhibited much smaller improvements. This 

finding aligns with existing research that emphasizes the critical role of calcium and vitamin D in 

maintaining bone mass and reducing the risk of fractures in osteoporosis patients (Weaver et al., 2016). 

Adequate calcium intake ensures the availability of minerals necessary for bone formation, while vitamin D 

enhances calcium absorption and plays a regulatory role in bone remodeling. 

 

Despite the known benefits of supplementation, a notable proportion of patients in this study (15%) were 

non-adherent to either calcium or vitamin D supplementation. This underscores the need for better patient 

education and adherence strategies, as nutritional supplementation is an essential part of osteoporosis 

management. Previous studies have highlighted that poor adherence to supplementation can undermine the 

overall success of osteoporosis treatment (Tang et al., 2007). 
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Pharmacotherapy and BMD Outcomes 

Pharmacotherapy adherence was also strongly associated with improvements in BMD, with participants 

who adhered to their prescribed osteoporosis medications (e.g., bisphosphonates or SERMs) showing 

significant gains in both lumbar spine and femoral neck BMD. The observed increases of 7.2% and 6.5% in 

the lumbar spine and femoral neck, respectively, are consistent with prior research demonstrating the 

efficacy of pharmacological treatments in slowing bone loss and increasing bone mass (Black & Rosen, 

2016). Pharmacotherapy works by inhibiting bone resorption, particularly through the actions of 

bisphosphonates, which help preserve bone structure and reduce fracture risk. 

 

Adherence to pharmacotherapy was high in this study (90%), and this may have contributed to the 

significant improvements in BMD. However, non-adherent participants showed less pronounced 

improvements, highlighting the importance of patient adherence to pharmacological interventions in 

osteoporosis management. Previous literature has identified poor medication adherence as a key barrier to 

effective osteoporosis treatment (Cranney et al., 2002), and our findings reinforce the need for interventions 

to improve adherence rates. 

 

Biochemical Markers and Bone Health 

Significant changes in biochemical markers of bone health were observed, particularly in serum 25-

hydroxyvitamin D and bone turnover markers such as C-terminal telopeptide (CTX). Participants showed a 

marked improvement in serum 25-hydroxyvitamin D levels, reflecting the positive impact of vitamin D 

supplementation. Additionally, reductions in CTX, a marker of bone resorption, suggest that both nutritional 

and pharmacological interventions effectively reduced bone turnover, thereby promoting bone health. These 

findings align with the literature, which indicates that reductions in bone resorption markers are predictive 

of improved BMD and fracture risk reduction (Vasikaran et al., 2011). 

 

The correlation between improvements in biochemical markers and BMD underscores the value of a 

multidisciplinary approach to osteoporosis management. Biochemical monitoring, in conjunction with 

radiological assessments, provides a comprehensive understanding of bone health and allows for more 

tailored interventions. 

 

Clinical Implications 

The results of this study have important clinical implications for the management of osteoporosis. First, they 

highlight the need for a multidisciplinary approach that integrates nutritional support, pharmacotherapy, 

radiological monitoring, and biochemical assessment. Adherence to both nutritional supplementation and 

pharmacotherapy is critical in improving bone health and preventing fractures in patients with osteoporosis. 

 

Second, the findings emphasize the importance of patient education in promoting adherence to both 

pharmacotherapy and nutritional interventions. Healthcare providers, including pharmacists, nutritionists, 

and clinicians, play a crucial role in ensuring that patients understand the benefits of supplementation and 

medication adherence. Strategies to improve adherence, such as reminder systems, patient counseling, and 

follow-up, could be implemented to enhance treatment outcomes. 

 

Finally, regular monitoring of biochemical markers, such as vitamin D and CTX, can help track the 

effectiveness of treatment and guide adjustments in therapy. The combination of radiological imaging 

through DEXA scans and biochemical assessments provides a holistic view of bone health, allowing for 

more effective management of osteoporosis over time. 

https://www.ijirmps.org/
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Limitations 

Several limitations of this study should be acknowledged. First, the reliance on self-reported data for 

nutritional and pharmacotherapy adherence may introduce bias, as participants may overestimate their 

adherence. Future studies should consider more objective measures of adherence, such as pill counts or 

electronic monitoring systems.  

 

Second, the study was conducted over a 12-month period, which may not capture the long-term effects of 

nutritional and pharmacological interventions on BMD and fracture risk. Longer follow-up periods are 

needed to assess whether the observed improvements in BMD are sustained over time and whether they 

translate into reductions in fracture rates. 

 

Third, while this study focused on calcium and vitamin D supplementation, future research should explore 

the role of other nutrients, such as magnesium and vitamin K, in supporting bone health and enhancing 

pharmacotherapy outcomes. 

 

Future Research 

Further research is needed to investigate long-term outcomes of combining nutritional and pharmacotherapy 

interventions in osteoporosis management. Additionally, exploring the impact of emerging nutritional 

interventions, such as the role of magnesium and other micronutrients in bone metabolism, could provide 

further insights into optimizing osteoporosis treatment. Studies that assess the impact of adherence-

enhancing strategies on long-term outcomes would also be valuable in improving patient care. 

 

Conclusion 

This study demonstrates that a multidisciplinary approach integrating nutritional supplementation, 

pharmacotherapy, radiological monitoring, and biochemical assessments significantly improves bone health 

in patients with osteoporosis. Adherence to both nutritional and pharmacological interventions is key to 

achieving optimal improvements in BMD and reducing bone turnover. The combination of radiological and 

biochemical monitoring provides a comprehensive approach to managing osteoporosis and should be a 

central component of patient care. Future research should focus on long-term outcomes and strategies to 

enhance adherence to ensure sustained improvements in bone health. 
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