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Background

Male osteoporosis treatment lacks robust comparisons of efficacy and safety among key medications. This network meta-analysis (NMA) aimed to systematically evaluate alendronate (ALE), risedronate (RIS), teriparatide (TER), and denosumab (DEN) in male patients, addressing this critical evidence gap.





Methods

Following PRISMA 2020 guidelines, we conducted a systematic review and NMA. Databases were searched for randomized controlled trials (RCTs) comparing these drugs in males with osteoporosis (PICOS criteria). Pairwise meta-analysis (Stata 18.0) assessed effect sizes, while NMA (R 4.3.1, gemtc and BUGSnet packages) ranked treatments for BMD changes (lumbar spine, femoral neck, total hip) and safety outcomes (adverse and serious adverse events).





Results

From 2729 screened records, 12 studies were included. TER ranked highest for lumbar spine BMD improvement and overall safety (lowest adverse events). ALE showed superior femoral neck and total hip BMD gains but higher adverse event risks vs. TER. DEN improved BMD at all sites but had the poorest safety profile (highest adverse events). RIS was safest (lowest serious adverse events) but least effective for BMD enhancement.





Conclusions

Teriparatide is the optimal choice for improving lumbar spine BMD and overall safety, while alendronate shows significant efficacy in enhancing femoral neck and hip BMD, although its safety profile is less favorable. Thus, alendronate may be more suitable for patients needing bone density improvement at these sites. Treatment choices should weigh site-specific needs against risk tolerance.





Systematic review registration

https://www.crd.york.ac.uk/prospero, identifier CRD42024599021.
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1 Introduction

Osteoporosis is a prevalent metabolic bone disorder marked by reduced bone mineral density and weakened bone structure, which increases the risk of fractures (1, 2). While osteoporosis is more common in women, the prevalence and associated risks in men have gained increasing attention in recent years (3). Epidemiological data show that the prevalence of osteoporosis in men is rising worldwide (4–6). With the aging population and changes in lifestyle, male osteoporosis has become a major public health concern. Studies report that 20% of white men are at risk for osteoporotic fractures, and their annual mortality rate from hip fractures is twice that of women. Although osteoporosis is less common in Black men than in white men, those diagnosed with the disease face similar fracture risks (7, 8). In the United States, over 2 million osteoporosis-related fractures occur each year, with experts predicting that the aging population will lead to a doubling of such fracture (9, 10). Consequently, effective treatment of male osteoporosis has become a critical issue in clinical practice.

A range of medications is available for the treatment of male osteoporosis, including anti-resorptive and bone-forming agents. Four commonly used medications—Alendronate, Risedronate, Teriparatide, and Denosumab—are widely employed in the clinical treatment of male osteoporosis, each exhibiting distinct efficacy and safety profiles. Alendronate, a bisphosphonate, primarily reduces bone resorption by inhibiting osteoclast activity, which improves bone mineral density. It is a first-line treatment for osteoporosis and is widely used in both men and women (11–13). Risedronate, another bisphosphonate, also inhibits bone resorption. Compared to other bisphosphonates, risedronate has higher bioavailability and a longer half-life, enabling a more sustained reduction in bone resorption (14–16). Teriparatide, a bone-forming agent, is a recombinant fragment of human parathyroid hormone. It enhances osteoblast function, stimulates bone formation, and increases bone mineral density. Unlike anti-resorptive drugs, Teriparatide reverses osteoporosis by stimulating new bone formation (17–19). Denosumab, a humanized monoclonal antibody, significantly reduces bone resorption by inhibiting osteoclastogenesis, improving bone density. Unlike bisphosphonates, it works through a different mechanism and is typically used for patients who cannot tolerate bisphosphonates (20–22).

These four medications are the most commonly used and well-researched treatments for male osteoporosis. Alendronate and risedronate, bisphosphonate-based anti-resorptive agents, are widely used in clinical practice. They inhibit osteoclast activity, reduce bone resorption, improve bone mineral density, and lower fracture risk, especially in the prevention and treatment of osteoporosis-related fractures (23–25). In contrast, teriparatide and denosumab represent novel therapeutic strategies targeting bone formation and resorption, respectively (26–28). Although several meta-analyses have examined this topic, three critical limitations persist in the current evidence: (1) existing studies have predominantly conducted pairwise comparisons, leaving the relative efficacy among all four first-line medications (ALE, RIS, TER, and DEN) systematically unaddressed; (2) previous analyses have often failed to incorporate both direct and indirect evidence when available; and (3) most focused exclusively on postmenopausal osteoporosis, with male populations being underrepresented. These gaps are particularly concerning given that clinical decision-making requires understanding the complete therapeutic landscape.

Network meta-analysis (NMA) provides an optimal solution to these limitations by: (1) enabling simultaneous comparison of all four drugs within a unified framework, (2) maximizing statistical power through integration of both direct and indirect evidence, and (3) allowing rank probability assessment of treatments through surface under the cumulative ranking (SUCRA) analysis. Leveraging these advantages, our study performs the first NMA specifically designed to compare ALE, RIS, TER, and DEN in male osteoporosis, with particular attention to fracture prevention efficacy and long-term safety profiles outcomes.




2 Materials and methods



2.1 Search strategy

This systematic review and network meta-analysis (NMA) was conducted in strict accordance with the PRISMA 2020 guidelines(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (29). To ensure transparency and standardization in the research process, the methodology was pre-registered on the international platform PROSPERO (registration number CRD42024599021). In our database selection for literature screening, in addition to the conventionally used PubMed and Web of Science, we further included the Cochrane Library, Scopus, and Embase to ensure comprehensive coverage of relevant studies, covering the period from the inception of each database up to June 2024. Only English-language studies were included. All search strategies and details are provided in the Supplementary Materials. Additionally, manual reference checking was performed by reviewing the references of published pairwise meta-analyses to ensure the inclusion of all high-quality studies, minimizing selection bias, and ensuring the comprehensiveness and reliability of the study results.




2.2 Inclusion and exclusion criteria

Eligible studies were selected based on the PICOS criteria (Population, Intervention, Comparison, Outcome, and Study Design). We included randomized controlled trials (RCTs) that evaluated the treatment of male osteoporosis with four medications. The specific PICOS criteria for study selection were as follows:

Population: Male patients with primary osteoporosis. Studies focusing on secondary osteoporosis (e.g., due to hypogonadism, corticosteroid-induced osteoporosis, cancer-related osteoporosis, or other systemic diseases) were excluded.

Intervention: Treatment with one of the four medications for primary osteoporosis based on random assignment.

Comparison: Comparison of the efficacy and safety of the four medications across different trial groups.

Outcome: Treatment outcomes were assessed by changes in lumbar spine, femoral neck and Total hip bone mineral density (BMD), as well as the percentage change in BMD, reflecting the efficacy of the medications.

	Lumbar spine BMD: Refers to the density of minerals (mainly calcium) in the lumbar spine region, typically measured using dual-energy X-ray absorptiometry (DXA) (30). Lumbar BMD reflects the bone strength and health of the lower spine (lumbar region) and has predictive value for fracture risk (31).

	Femoral neck BMD: Refers to the bone mineral density of the femoral neck, which is a common site for hip fractures. Measuring femoral neck BMD is crucial for assessing fracture risk and diagnosing osteoporosis (32).

	Total hip BMD: Refers to the bone density in the entire hip region (including the femoral head, femoral shaft, and surrounding structures). This measurement provides a comprehensive reflection of hip bone strength and health, and hip fractures are among the most common fractures in the elderly (33).



Safety was evaluated by the number of patients reporting all adverse events and serious adverse events.

	All adverse events: Any negative health reactions occurring during the clinical study or treatment process, including mild side effects such as headaches, nausea, or localized pain (34).

	Serious adverse events: Health issues that pose a potential threat to life, such as fatal events, disability, hospitalization or prolonged hospitalization, or events resulting in significant health damage (35). All outcomes had a minimum follow-up period of 6 months.



Study Design: Only RCTs were included for meta-analysis. Non-original studies (e.g., case reports, reviews, letters to the editor, conference abstracts, opinion articles) and study protocols were excluded.




2.3 Data extraction and risk of bias assessment

Study selection and data collection were performed independently by two researchers (SJC and TY). First, the two reviewers screened titles and abstracts based on the predefined inclusion and exclusion criteria. Next, potentially eligible studies underwent full-text review. Any discrepancies in study selection were resolved through discussion, and if consensus could not be reached, a third researcher (RB) was consulted for arbitration. During data extraction, the following details were collected: the first author of the study, publication year, study design, country of origin, interventions, patient sample size, and follow-up duration. In case of any disagreements during the data extraction process, the third researcher (RB) was consulted to discuss and provide arbitration, ensuring the final consistency and accuracy of the data.

In terms of patient outcome assessment, we primarily focused on the percentage changes in lumbar spine, femoral neck, and bone mineral density (BMD) to evaluate the efficacy of the interventions. Additionally, the safety of the interventions was assessed by recording the number of patients experiencing all adverse events and serious adverse events following treatment. To address the issue of incomplete data in some studies, we followed the guidance provided in Section 6.5.2 of the Cochrane Intervention Review Handbook and used appropriate variance transformation or estimation methods (36). If the study reported mean differences and P-values, we calculated the standard error of the mean difference between groups using the formula provided in Section 6.5.2.3 and applied it in subsequent meta-analyses. In the absence of variance data, we assumed a conservative standard deviation of 30 for estimation. All these steps were carried out with strict adherence to scientific methodolog (36). Any discrepancies encountered during data extraction were resolved through discussion and consensus, with arbitration by a third researcher if necessary.

All included RCTs (randomized controlled trials) were assessed for risk of bias using the RoB 2 (a revised Cochrane risk-of-bias tool for randomized trials) to comprehensively evaluate potential biases in the study design and implementation process (37, 38).




2.4 Statistical analysis

We performed pairwise meta-analysis using Stata 18.0 software to evaluate the effect sizes and consistency across different studies. For network meta-analysis (NMA), we utilized R 4.3.1, combining the gemtc and BUGSnet packages to handle complex multi-treatment comparisons and assess the relative efficacy and safety of different treatment options (39, 40). All statistical analyses were conducted using Review Manager software (version 5.4), which is widely used in medical research for effective meta-analysis, forest plot generation, and bias risk assessment (More detailed information about the specific functions or models used is provided in Supplementary Table S1).

In terms of data synthesis, we selected appropriate statistical methods based on the type of data. For categorical variables, we used odds ratios (OR) to assess the relative risk between groups, describing the differences in the ratio of events occurring between the treatment and control groups. For continuous variables, we used mean differences (MD) to analyze the effect sizes between groups and reveal the effects of the treatment interventions (41).





3 Results



3.1 Literature search and study selection

The flowchart outlining the RCT selection process is presented in Figure 1. A total of 2,729 records were identified during the literature search for review. Of these, 1,863 records were excluded due to duplication (i.e., identical citations across multiple databases), leaving 866 unique records for further evaluation. Following full-text review and application of the inclusion criteria, additional studies were excluded. For instance, Ringe 2001 (42) and Ringe 2004 (43) were two RCTs conducted by the same research group at different time points. To prevent data duplication, the 2001 publication was excluded. Wallach 2000 (44), which focused on male osteoporosis following high-dose corticosteroid therapy, was excluded as it did not align with the focus of this study. Similarly, Shimon 2005 (45) and Smith 2009 (46) were excluded as they focused on osteoporosis in men with androgen-deficient hypogonadism and those undergoing androgen deprivation therapy for prostate cancer, respectively, which did not align with the clinical population in this study. Furthermore, Saag 2019 (47) and Nakamura 2014 (48) were excluded due to insufficient data on male patients or unclear gender differentiation. Following these exclusions, 12 RCTs involving 1,935 participants were included in the analysis, with four treatment options (alendronate, risedronate, teriparatide, and denosumab), along with placebo and alfacalcidol. These studies formed the basis for the subsequent network meta-analysis.


[image: ]

Figure 1 | Flow chart of the selection process for relative studies in meta-analysis.



Figure 2 shows the network diagram for all studies. The node-splitting method revealed no significant inconsistency (P > 0.05). Statistical analysis indicated that both the consistency and inconsistency models demonstrated good coherence for all outcomes in Supplementary Table S2. The follow-up period for primary outcomes (lumbar spine, femoral neck, and total hip BMD) was 12 months, with fewer studies reporting longer or shorter durations. To ensure the reliability of the results, we used closest to 12 months follow-up data for analysis. Supplementary Figure S1 shows the forest plot results for all outcomes. Supplementary Figure S2 shows the network diagram for all outcomes. The size of the nodes corresponds to the number of participants in each treatment group, and the thickness of the lines between nodes reflects the number of studies comparing the treatments. Supplementary Figure S3 presents the funnel plots for bias analysis of all outcomes. Visual inspection of the funnel plots indicated no publication bias in the included studies.


[image: ]

Figure 2 | The network plot of all trials (ALE, alendronate; RIS, risedronate; TER, Teriparatide; DEN, denosumab; PLA/CTRL, placebo/control).






3.2 Study characteristics

Table 1 summarizes the 12 randomized controlled trials (RCTs) included in the network meta-analysis (NMA), along with their key characteristics (43, 49–59). The studies were published between 2000 and 2021, with male participant numbers ranging from 19 to 290, and study durations spanning 1 to 3 years. Most studies compared treatment regimens to placebo and/or calcium and vitamin D, while some also included alfacalcidol as a comparator. Direct comparisons among the four treatment options were limited. Excluding multicenter studies, the majority of relevant studies were from Germany, the United States, and China, with two studies from each included in the analysis. The dosages of the included medications reflect those commonly used in clinical practice: risedronate (35 mg weekly or 5 mg daily orally), alendronate (70 mg weekly or 10 mg daily orally), teriparatide (20 μg subcutaneously daily), and denosumab (60 mg subcutaneously every 6 months). These regimens were widely used in the included studies, forming the basis for treatment comparisons.


Table 1 | The main features of the articles.






3.3 Study quality and potential sources of bias

Figure 3 shows the results of the risk of bias assessment for the included studies, conducted according to the Cochrane Collaboration’s guidelines. The assessment evaluates potential biases in the included studies, focusing specifically on random sequence generation, allocation concealment, and the completeness of outcome reporting. Overall, most studies inadequately reported the methods for random sequence generation and allocation concealment, particularly the details of the randomization process. Many studies also failed to clearly report whether all pre-specified outcomes were presented as per the study protocol, a key factor in assessing outcome reporting bias. Due to methodological opacity, we could not definitively determine whether these studies had a “low” or “high” risk of bias in random sequence generation, allocation concealment, and outcome reporting. As a result, most studies were categorized as having an “unclear risk” of bias for selection bias (due to improper randomization) and reporting bias (due to incomplete reporting of pre-specified outcomes).


[image: ]

Figure 3 | The network plot of all trials. Risk of bias summary for RCTs: Reviewers' judgments about each risk of bias item per included study.





3.3.1 Percentage change in lumbar spine bone mineral density

In 9 RCTs involving a total of 1,587 participants, we compared the effects of different treatments on lumbar spine BMD. The results showed that the TER treatment group significantly outperformed other drugs in terms of increasing lumbar spine BMD. Figure 4A displays the specific differences between treatment groups. Further analysis revealed that, apart from TER, the differences in BMD outcomes between the other treatment groups did not reach statistical significance.


[image: ]

Figure 4 | (A) The results of League table for Lumbar spine BMD. (B) Ranking the probability of Lumbar spine BMD percentage change.






3.3.2 Ranking probability of lumbar spine BMD improvement

To further quantify the effectiveness of different treatments in improving lumbar spine BMD, we performed a cumulative ranking curve analysis (SUCRA). Figure 4B shows the results for lumbar spine BMD improvement, where red indicates the highest rank, yellow represents the second rank, and blue represents the third rank. The ranking results revealed significant differences in the effectiveness of the drugs in improving lumbar spine BMD, with higher rankings indicating better treatment effects. According to the SUCRA analysis, the probabilities for improving lumbar spine BMD from highest to lowest were as follows: TER (77.7%), DEN (62.9%), ALE (54.3%), RIS (49.9%), and PLA/CTRL (5.2%).




3.3.3 Percentage change in femoral neck BMD

In 9 RCTs with a total of 1,594 participants, we compared the effects of different treatments on femoral neck BMD. The results indicated that the ALE treatment group significantly outperformed other treatment options in improving femoral neck BMD. Figure 5A shows the specific differences between the treatment groups.
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Figure 5 | (A) The results of League table for Femoral neck BMD. (B) Ranking the probability of Femoral neck BMD percentage change.






3.3.4 Ranking probability of femoral neck BMD improvement

To further quantify the effectiveness of different treatments in improving femoral neck BMD, we used the cumulative ranking curve (SUCRA) method to rank the treatments. Figure 5B presents the results for femoral neck BMD improvement. Based on the SUCRA analysis, the probabilities for improving femoral neck BMD, from highest to lowest, were as follows: ALE (85.6%), DEN (69.0%), TER (61.9%), PLA/CTRL (29.6%), and RIS (3.9%).




3.3.5 Percentage change in total hip BMD

In 8 RCTs involving a total of 1,310 participants, we compared the effects of different treatments on total hip BMD. The results demonstrated that the ALE treatment group significantly outperformed other treatment groups in improving total hip BMD. Figure 6A displays the specific differences between treatment groups. Further analysis showed that, aside from ALE, the differences in effects between the other treatment groups did not reach statistical significance.


[image: ]

Figure 6 | (A) The results of League table for Total hip BMD. (B) Ranking the probability of Total hip BMD percentage change.






3.3.6 Ranking probability of total Hip BMD improvement

To further quantify the effectiveness of different treatments in improving total hip BMD, we employed the cumulative ranking curve (SUCRA) method. Figure 6B presents the results for total hip BMD improvement. According to the SUCRA analysis, the probabilities for improving total hip BMD, from highest to lowest, were as follows: ALE (88.0%), DEN (60.5%), RIS (57.5%), TER (35.5%), and PLA/CTRL (8.6%).




3.3.7 All adverse events

In 5 RCTs involving a total of 590 participants, we compared the all adverse events of different treatments. The results indicated that the TER treatment group had significantly better safety compared to other treatment groups. Figure 7A shows the specific differences between treatment groups.
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Figure 7 | (A) The results of League table for all adverse events. (B) Ranking the probability of all adverse events.






3.3.8 Ranking probability of all adverse events

To further quantify the safety of different treatments in terms of all adverse events, we used the cumulative ranking curve (SUCRA) method. Figure 7B presents the results for all adverse events. Based on the SUCRA analysis, the probabilities for safety in terms of all adverse events, from highest to lowest, were as follows: TER (86.4%), ALE (73.6%), RIS (44.5%), PLA/CTRL (25.3%), and DEN (20.3%).




3.3.9 Serious adverse events

In 4 RCTs involving a total of 150 participants, we compared the serious adverse events between different treatments (TER was not included due to insufficient data). The results showed that the RIS treatment group had significantly better safety compared to other treatment groups in terms of serious adverse events. Figure 8A displays the specific differences between the treatment groups.
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Figure 8 | (A) The results of League table for serious adverse events. (B) Ranking the probability of serious adverse events.






3.3.10 Ranking probability of serious adverse events

To further quantify the safety of different treatments in terms of serious adverse events, we used the cumulative ranking curve (SUCRA) method. Figure 8B presents the results for serious adverse events. According to the SUCRA analysis, the ranking probabilities for safety in terms of serious adverse events, from highest to lowest, were as follows: RIS (97.6%), ALE (52.0%), PLA/CTRL (26.6%), and DEN (23.9%).






4 Discussion

This systematic review and network meta-analysis (NMA) provides a comprehensive evaluation of the efficacy and safety of various drugs (TER, ALE, DEN, and RIS) in the treatment of male osteoporosis. The results showed significant differences in the effects of these four drugs on bone mineral density (BMD) improvement across different skeletal sites. TER showed the greatest efficacy in improving lumbar spine BMD, significantly outperforming the other treatments. In contrast, ALE exhibited the strongest effects in enhancing femoral neck and total hip BMD, demonstrating a clear advantage at these sites. These findings suggest that TER and ALE may operate through different mechanisms at specific bone sites, with TER being particularly effective for the lumbar spine, while ALE has stronger effects on the femoral neck and hip.

Regarding safety, TER demonstrated the best safety profile, with the lowest incidence of all adverse events and no significant serious adverse events. This makes TER a suitable option for patients requiring long-term treatment and prioritizing safety. RIS also exhibited a favorable safety profile, particularly in preventing serious adverse events, with the lowest occurrence of severe adverse events. However, RIS was less effective than TER and ALE in improving BMD, suggesting that it may be better suited for patients who prioritize safety over BMD improvement.

The cumulative ranking curve (SUCRA) analysis indicated that TER ranked highest for improving lumbar spine BMD and exhibited the best safety profile, making it a comprehensive treatment option. ALE demonstrated the greatest improvements in femoral neck and total hip BMD, but its safety was slightly inferior to TER’s. Thus, the effectiveness and safety of ALE should be balanced when choosing a treatment. Although DEN improved lumbar spine and femoral neck BMD, it exhibited poorer safety, particularly regarding all adverse events. Caution is advised when using this drug. RIS excelled in preventing serious adverse events but showed weaker BMD improvement, especially in the lumbar spine and femoral neck. It is therefore more suitable for patients with high safety requirements but less concern for maximizing BMD enhancement. These findings corroborate the results from Charlotte Beaudart et al. (60) and Smita Nayak et al. (61).

In recent years, the rising prevalence of male osteoporosis has led to increased clinical research, particularly systematic reviews and network meta-analyses (NMAs). Previous NMAs have primarily focused on other aspects of interventions. For example, Chen et al. (62) conducted an NMA to assess the effects of eight drugs on male bone density, offering a hierarchical analysis. The main findings of their study focused on lumbar spine BMD and fracture incidence but did not analyze femoral neck and total hip BMD or report all adverse events, including serious ones. In contrast, traditional pairwise meta-analyses have compared the effects of different treatments. For example, Charlotte Beaudart et al. (60) and Smita Nayak et al. (61) conducted pairwise meta-analyses. Beaudart et al. concluded that drugs for female osteoporosis are also beneficial for males, while Nayak et al. found that bisphosphonates significantly reduce the risk of vertebral, and possibly non-vertebral, fractures in male osteoporosis patients. Although these studies provided valuable insights, they were limited to pairwise comparisons of two treatment options and did not comprehensively assess the relative efficacy and safety of the four drugs. This study thus employed network meta-analysis (NMA) to comprehensively rank the efficacy and safety of four drugs (TER, ALE, DEN, and RIS) in treating male osteoporosis. To the best of our knowledge, this is the first large-scale NMA to compare the therapeutic effects of TER, ALE, DEN, and RIS for male osteoporosis.

This network meta-analysis (NMA) has several advantages: (1) It includes 12 studies with a total of 1,935 participants, all randomized controlled trials (RCTs), ensuring data reliability; (2) The statistical results demonstrate good consistency, reflecting the stability of the methods and the reproducibility of the conclusions; (3) By indirectly comparing the effects of different treatments, this study offers a comprehensive evaluation of pharmacological management for male osteoporosis. However, this study has several limitations: (1) Some treatment drugs lacked direct head-to-head comparisons, limiting pairwise analysis between certain drugs; (2) Some safety data (e.g., fracture incidence) were incomplete and not included in the analysis; (3) The studies spanned a long period (2000–2021), which may have led to variations in study design, patient characteristics, and data collection methods, potentially affecting the quality of the results.(4) Subgroup analysis can be more helpful in understanding whether certain patient populations benefit more or less from specific treatments. However, the data from included literature are incomplete in aspects such as the severity of osteoporosis, comorbidities, and various demographic factors. This necessitates further improvement in future research. Future research should focus on conducting high-quality RCTs, especially direct comparison studies of these drugs, to further validate their efficacy and safety in treating male osteoporosis. Such studies will yield more reliable results and enhance our understanding of the clinical value of different treatment strategies for male osteoporosis.




5 Conclusion

Based on our network meta-analysis, TER emerges as the most balanced therapeutic option for male osteoporosis, demonstrating superior efficacy in improving lumbar spine BMD alongside the most favorable safety profile. ALE is the optimal choice for enhancing BMD at the femoral neck and total hip, though its slightly higher risk of adverse events warrants careful consideration in patients prioritizing safety. RIS, while less effective for BMD improvement, may be suitable for patients with heightened safety concerns due to its low incidence of serious adverse events. DEN showed significant BMD benefits but carried the highest risk of adverse events, necessitating individualized risk-benefit assessment. These findings underscore the need for personalized treatment strategies tailored to skeletal site-specific deficits and patient tolerance for adverse events. Future studies should explore combination therapies or novel agents to further optimize the efficacy-safety balance in male osteoporosis.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

SC: Formal analysis, Methodology, Writing – original draft, Writing – review & editing. TY: Conceptualization, Writing – original draft. GW: Data curation, Methodology, Writing – original draft. FS: Data curation, Methodology, Writing – original draft. HX: Conceptualization, Methodology, Project administration, Validation, Writing – original draft. ZZ: Data curation, Formal analysis, Methodology, Validation, Writing – original draft. BR: Conceptualization, Methodology, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1579101/full#supplementary-material




References

1. Fink, HA, MacDonald, R, Forte, ML, Rosebush, CE, Ensrud, KE, Schousboe, JT, et al. Long-term drug therapy and drug discontinuations and holidays for osteoporosis fracture prevention: A systematic review. Ann Internal Med. (2019) 171:37–50. doi: 10.7326/m19-0533

2. Mikyas, Y, Agodoa, I, and Yurgin, N. A systematic review of osteoporosis medication adherence and osteoporosis-related fracture costs in men. Appl Health Economics Health Policy. (2014) 12:267–77. doi: 10.1007/s40258-013-0078-1

3. Hu, J, Zheng, W, Zhao, D, Sun, L, Zhou, B, Liu, J, et al. Health-related quality of life in men with osteoporosis: A systematic review and meta-analysis. Endocrine. (2021) 74:270–80. doi: 10.1007/s12020-021-02792-0

4. Li, N, Beaudart, C, Cauley, JA, Ing, SW, Lane, NE, Reginster, JY, et al. Cost effectiveness analyses of interventions for osteoporosis in men: A systematic literature review. PharmacoEconomics. (2023) 41:363–91. doi: 10.1007/s40273-022-01239-2

5. Salari, N, Darvishi, N, Bartina, Y, Larti, M, Kiaei, A, Hemmati, M, et al. Global prevalence of osteoporosis among the world older adults: A comprehensive systematic review and meta-analysis. J Orthopaedic Surg Res. (2021) 16:669. doi: 10.1186/s13018-021-02821-8

6. Vilaca, T, Eastell, R, and Schini, M. Osteoporosis in men. Lancet Diabetes Endocrinol. (2022) 10:273–83. doi: 10.1016/s2213-8587(22)00012-2

7. Gosset, A, Pouillès, JM, and Trémollieres, F. Menopausal hormone therapy for the management of osteoporosis. Best Practice Res Clin Endocrinol Metab. (2021) 35(6):101551. doi: 10.1016/j.beem.2021.101551

8. Siris, ES, Baim, S, and Nattiv, A. Primary care use of frax: absolute fracture risk assessment in postmenopausal women and older men. Postgrad Med. (2010) 122:82–90. doi: 10.3810/pgm.2010.01.2102

9. Singer, A, Exuzides, A, Spangler, L, O’Malley, C, Colby, C, Johnston, K, et al. Burden of illness for osteoporotic fractures compared with other serious diseases among postmenopausal women in the United States. Mayo Clin Proc. (2015) 90:53–62. doi: 10.1016/j.mayocp.2014.09.011

10. Lu, X, Wei, J, Liu, Y, and Lu, Y. Effects of exercise on bone mineral density in middle-aged and older men: A comprehensive meta-analysis. Arch Osteoporosis. (2023) 18:108. doi: 10.1007/s11657-023-01317-8

11. Al Lawati, H, Al Busaidi, S, Al Rawahi, T, Al Lawati, A, Kifah, A, and Das, S. Alendronate for effective treatment of male osteoporosis: an insight. Curr Pharmaceutical Des. (2025) 31(1):26-36. doi: 10.2174/0113816128310838240820065324

12. Ananchenko, G, Novakovic, J, and Tikhomirova, A. Alendronate sodium. Profiles Drug Substances Excipients Related Method. (2013) 38:1–33. doi: 10.1016/b978-0-12-407691-4.00001-0

13. Liu, CT, Yuan, XJ, and Gao, GC. Effects of alendronate on osteoporosis treatment and levels of related cytokines. Genet Mol Res: GMR. (2017) 16(1). doi: 10.4238/gmr16019485

14. McClung, MR, and Ebetino, FH. History of risedronate. Bone. (2020) 137:115407. doi: 10.1016/j.bone.2020.115407

15. Goa, KL, and Balfour, JA. Risedronate. Drugs Aging. (1998) 13:83–91. doi: 10.2165/00002512-199813010-00008

16. Nogués, X, and Martinez-Laguna, D. Update on osteoporosis treatment. Med Clin. (2018) 150:479–86. doi: 10.1016/j.medcli.2017.10.019

17. Cheng, C, Wentworth, K, and Shoback, DM. New frontiers in osteoporosis therapy. Annu Rev Med. (2020) 71:277–88. doi: 10.1146/annurev-med-052218-020620

18. Quattrocchi, E, and Kourlas, H. Teriparatide: a review. Clin Ther. (2004) 26(6):841-54. doi: 10.1016/s0149-2918(04)90128-2

19. Blick, SK, Dhillon, S, and Keam, SJ. Teriparatide: a review of its use in osteoporosis. Drugs. (2024) 68(18):2709-37. doi: 10.2165/0003495-200868180-00012

20. Stroup, J, Kane, MP, and Abu-Baker, AMTeriparatide in the treatment of osteoporosis. Am J Health Syst Pharm. (2008) 65(6):532-9. doi: 10.2146/ajhp070171

21. Kendler, DL, Cosman, F, Stad, RK, and Ferrari, S. Denosumab in the treatment of osteoporosis: 10 years later: A narrative review. Adv Ther. (2022) 39:58–74. doi: 10.1007/s12325-021-01936-y

22. Hanley, DA, Adachi, JD, Bell, A, and Brown, V. Denosumab: mechanism of action and clinical outcomes. Int J Clin Pract. (2012) 66:1139–46. doi: 10.1111/ijcp.12022

23. Licata, AA. Bisphosphonate therapy. Am J Med Sci. (1997) 313:17–22. doi: 10.1097/00000441-199701000-00004

24. Kobayashi, T, Morimoto, T, Ito, K, Mawatari, M, and Shimazaki, T. Denosumab vs. bisphosphonates in primary osteoporosis: a meta-analysis of comparative safety in randomized controlled trials. Osteoporos Int. (2024) 35(8):1377-93. doi: 10.1007/s00198-024-07118-0

25. Peters, ML, Leonard, M, and Licata, AA. Role of alendronate and risedronate in preventing and treating osteoporosis. Cleveland Clin J Med. (2001) 68:945–51. doi: 10.3949/ccjm.68.11.945

26. Leder, BZ, Tsai, JN, Uihlein, AV, Wallace, PM, Lee, H, Neer, RM, et al. Denosumab and teriparatide transitions in postmenopausal osteoporosis (the data-switch study): extension of a randomised controlled trial. Lancet (London England). (2015) 386:1147–55. doi: 10.1016/s0140-6736(15)61120-5

27. Tański, W, Kosiorowska, J, and Szymańska-Chabowska, A. Osteoporosis - risk factors, pharmaceutical and non-pharmaceutical treatment. Eur Rev Med Pharmacol Sci. (2021) 25:3557–66. doi: 10.26355/eurrev_202105_25838

28. Tsai, JN, Uihlein, AV, Lee, H, Kumbhani, R, Siwila-Sackman, E, McKay, EA, et al. Teriparatide and denosumab, alone or combined, in women with postmenopausal osteoporosis: the data study randomised trial. Lancet (London England). (2013) 382:50–6. doi: 10.1016/s0140-6736(13)60856-9

29. McInnes, MDF, Moher, D, Thombs, BD, McGrath, TA, Bossuyt, PM, Clifford, T, et al. Preferred reporting items for a systematic review and meta-analysis of diagnostic test accuracy studies: the prisma-dta statement. Jama. (2018) 319:388–96. doi: 10.1001/jama.2017.19163

30. Davidson, S, Vecellio, A, Flagstad, I, Holton, K, Bruzina, A, Lender, P, et al. Discrepancy between dxa and ct-based assessment of spine bone mineral density. Spine Deform. (2023) 11:677–83. doi: 10.1007/s43390-023-00646-5

31. Davenport, A. Differences in prevalence of reduced and low bone mineral density between lumbar spine and femoral neck in peritoneal dialysis patients using dual-energy X-ray absorptiometry (Dxa). Peritoneal Dialysis International: J Int Soc Peritoneal Dialysis. (2023) 43:334–8. doi: 10.1177/08968608221146867

32. Kemmler, W, Shojaa, M, Kohl, M, and von Stengel, S. Effects of different types of exercise on bone mineral density in postmenopausal women: A systematic review and meta-analysis. Calcified Tissue Int. (2020) 107:409–39. doi: 10.1007/s00223-020-00744-w

33. Bouxsein, ML, Eastell, R, Lui, LY, Wu, LA, de Papp, AE, Grauer, A, et al. Change in bone density and reduction in fracture risk: A meta-regression of published trials. J Bone Mineral Res: Off J Am Soc Bone Mineral Res. (2019) 34:632–42. doi: 10.1002/jbmr.3641

34. Wu, Q, Taboureau, O, and Audouze, K. Development of an adverse drug event network to predict drug toxicity. Curr Res Toxicol. (2020) 1:48–55. doi: 10.1016/j.crtox.2020.06.001

35. Pereira, TV, Jüni, P, Saadat, P, Xing, D, Yao, L, Bobos, P, et al. Viscosupplementation for knee osteoarthritis: systematic review and meta-analysis. BMJ (Clin Res Ed). (2022) 378:e069722. doi: 10.1136/bmj-2022-069722

36. Cashin, AG, Folly, T, Bagg, MK, Wewege, MA, Jones, MD, Ferraro, MC, et al. Efficacy, acceptability, and safety of muscle relaxants for adults with non-specific low back pain: systematic review and meta-analysis. BMJ (Clin Res Ed). (2021) 374:n1446. doi: 10.1136/bmj.n1446

37. Chen, T, Zhou, G, Chen, Z, Yao, X, and Liu, D. Biportal endoscopic decompression vs. Microscopic decompression for lumbar canal stenosis: A systematic review and meta-analysis. Exp Ther Med. (2020) 20:2743–51. doi: 10.3892/etm.2020.9001

38. Moher, D, Schulz, KF, and Altman, D. The consort statement: revised recommendations for improving the quality of reports of parallel-group randomized trials. Jama. (2001) 285:1987–91. doi: 10.1001/jama.285.15.1987

39. Béliveau, A, Boyne, DJ, Slater, J, Brenner, D, and Arora, P. Bugsnet: an R package to facilitate the conduct and reporting of bayesian network meta-analyses. BMC Med Res Method. (2019) 19:196. doi: 10.1186/s12874-019-0829-2

40. Sehmbi, H, Retter, S, Shah, UJ, Nguyen, D, Martin, J, and Uppal, V. Epidemiological, methodological, and statistical characteristics of network meta-analysis in anaesthesia: A systematic review. Br J Anaesthesia. (2023) 130:272–86. doi: 10.1016/j.bja.2022.08.042

41. van Valkenhoef, G, Lu, G, de Brock, B, Hillege, H, Ades, AE, and Welton, NJ. Automating network meta-analysis. Res Synthesis Methods. (2012) 3:285–99. doi: 10.1002/jrsm.1054

42. Ringe, JD, Faber, H, and Dorst, A. Alendronate treatment of established primary osteoporosis in men: results of a 2-year prospective study. J Clin Endocrinol Metab. (2001) 86:5252–5. doi: 10.1210/jcem.86.11.7988

43. Ringe, JD, Dorst, A, Faber, H, and Ibach, K. Alendronate treatment of established primary osteoporosis in men: 3-year results of a prospective, comparative, two-arm study. Rheumatol Int. (2004) 24:110–3. doi: 10.1007/s00296-003-0388-y

44. Wallach, S, Cohen, S, Reid, DM, Hughes, RA, Hosking, DJ, Laan, RF, et al. Effects of risedronate treatment on bone density and vertebral fracture in patients on corticosteroid therapy. Calcified Tissue Int. (2000) 67:277–85. doi: 10.1007/s002230001146

45. Shimon, I, Eshed, V, Doolman, R, Sela, BA, Karasik, A, and Vered, I. Alendronate for osteoporosis in men with androgen-repleted hypogonadism. Osteoporosis International: J Established As Result Cooperation Between Eur Foundation Osteoporosis Natl Osteoporosis Foundation USA. (2005) 16:1591–6. doi: 10.1007/s00198-005-1879-3

46. Smith, MR, Egerdie, B, Hernández Toriz, N, Feldman, R, Tammela, TL, Saad, F, et al. Denosumab in men receiving androgen-deprivation therapy for prostate cancer. New Engl J Med. (2009) 361:745–55. doi: 10.1056/NEJMoa0809003

47. Saag, KG, Pannacciulli, N, Geusens, P, Adachi, JD, Messina, OD, Morales-Torres, J, et al. Denosumab versus risedronate in glucocorticoid-induced osteoporosis: final results of a twenty-four-month randomized, double-blind, double-dummy trial. Arthritis Rheumatol (Hoboken NJ). (2019) 71:1174–84. doi: 10.1002/art.40874

48. Nakamura, T, Matsumoto, T, Sugimoto, T, Hosoi, T, Miki, T, Gorai, I, et al. Clinical trials express: fracture risk reduction with denosumab in Japanese postmenopausal women and men with osteoporosis: denosumab fracture intervention randomized placebo controlled trial (Direct). J Clin Endocrinol Metab. (2014) 99:2599–607. doi: 10.1210/jc.2013-4175

49. Orwoll, E, Ettinger, M, Weiss, S, Miller, P, Kendler, D, Graham, J, et al. Alendronate for the treatment of osteoporosis in men. New Engl J Med. (2000) 343:604–10. doi: 10.1056/nejm200008313430902

50. Gonnelli, S, Cepollaro, C, Montagnani, A, Bruni, D, Caffarelli, C, Breschi, M, et al. Alendronate treatment in men with primary osteoporosis: A three-year longitudinal study. Calcified Tissue Int. (2003) 73:133–9. doi: 10.1007/s00223-002-1085-7

51. Walker, MD, Cusano, NE, Sliney, J Jr., Romano, M, Zhang, C, McMahon, DJ, et al. Combination therapy with risedronate and teriparatide in male osteoporosis. Endocrine. (2013) 44:237–46. doi: 10.1007/s12020-012-9819-4

52. Qi, Y, Wang, W, Sun, W, and Pan, Q. Comparative efficacy and safety of alendronate and teriparatide in bone loss reduction and prevention of vertebral fracture in osteoporotic chinese patients. Trop J Pharm Res. (2021) 20:2199–204. doi: 10.4314/tjpr.v20i10.26

53. Orwoll, ES, Scheele, WH, Paul, S, Adami, S, Syversen, U, Diez-Perez, A, et al. The effect of teriparatide [Human parathyroid hormone (1-34)] therapy on bone density in men with osteoporosis. J Bone Mineral Res: Off J Am Soc Bone Mineral Res. (2003) 18:9–17. doi: 10.1359/jbmr.2003.18.1.9

54. Hwang, JS, Liou, MJ, Ho, C, Lin, JD, Huang, YY, Wang, CJ, et al. The effects of weekly alendronate therapy in Taiwanese males with osteoporosis. J Bone Mineral Metab. (2010) 28:328–33. doi: 10.1007/s00774-009-0136-9

55. Boonen, S, Orwoll, ES, Wenderoth, D, Stoner, KJ, Eusebio, R, and Delmas, PD. Once-weekly risedronate in men with osteoporosis: results of a 2-year, placebo-controlled, double-blind, multicenter study. J Bone Mineral Res: Off J Am Soc Bone Mineral Res. (2009) 24:719–25. doi: 10.1359/jbmr.081214

56. Orwoll, E, Teglbjærg, CS, Langdahl, BL, Chapurlat, R, Czerwinski, E, Kendler, DL, et al. A randomized, placebo-controlled study of the effects of denosumab for the treatment of men with low bone mineral density. J Clin Endocrinol Metab. (2012) 97:3161–9. doi: 10.1210/jc.2012-1569

57. Ringe, JD, Farahmand, P, Faber, H, and Dorst, A. Sustained efficacy of risedronate in men with primary and secondary osteoporosis: results of a 2-year study. Rheumatol Int. (2009) 29:311–5. doi: 10.1007/s00296-008-0689-2

58. Kaufman, JM, Orwoll, E, Goemaere, S, San Martin, J, Hossain, A, Dalsky, GP, et al. Teriparatide effects on vertebral fractures and bone mineral density in men with osteoporosis: treatment and discontinuation of therapy. Osteoporosis International: J Established As Result Cooperation Between Eur Foundation Osteoporosis Natl Osteoporosis Foundation USA. (2005) 16:510–6. doi: 10.1007/s00198-004-1713-3

59. Miller, PD, Schnitzer, T, Emkey, R, Orwoll, E, Rosen, C, Ettinger, M, et al. Weekly oral alendronic acid in male osteoporosis. Clin Drug Invest. (2004) 24:333–41. doi: 10.2165/00044011-200424060-00003

60. Beaudart, C, Demonceau, C, Sabico, S, Veronese, N, Cooper, C, Harvey, N, et al. Efficacy of osteoporosis pharmacological treatments in men: A systematic review and meta-analysis. Aging Clin Exp Res. (2023) 35:1789–806. doi: 10.1007/s40520-023-02478-9

61. Nayak, S, and Greenspan, SL. Osteoporosis treatment efficacy for men: A systematic review and meta-analysis. J Am Geriatrics Soc. (2017) 65:490–5. doi: 10.1111/jgs.14668

62. Chen, LX, Zhou, ZR, Li, YL, Ning, GZ, Zhang, TS, Zhang, D, et al. Comparison of bone mineral density in lumbar spine and fracture rate among eight drugs in treatments of osteoporosis in men: A network meta-analysis. PloS One. (2015) 10:e0128032. doi: 10.1371/journal.pone.0128032




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Chai, Yu, Wang, Sun, Xue, Zhang and Ran. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1579101-g007.jpg
ALE

-0.56 (-1.79, 0.66)

DEN

-0.47 (-1.23,0.27)

0.08 (-0.88,1.05)

PLA/CTRL

-0.32 (-1.55, 0.89)

0.23(-1.14, 1.6)

0.15(-0.81,1.12)

RIS

D31 G112 LT8)

0.87 (-0.68,2.44)

0.78 (-0.41,2.05)

0.63 (-0.91,221)

TER

Cumulative Probabilities

0 2 4 6 8 1
N
w
IN
o
0 2 4 6 8 1

DEN
1 2 3 4 5

1

2 4 6 8

0

Graphs by Treatment

Placebo/Control





OEBPS/Images/fendo-16-1579101-g004.jpg
ALE

-0.81 (-9.99, 8.39)

DEN

3.99(1.37,6.51)

4.77 (-4.07, 13.58)

2.53(-3.02, 6.85)

3.22 (-6.81, 12.79)

PLA/CTRL

-147(-6.24,2.25)

RIS

-2(-7.05,2.21)

-1.29(-10.99, 8.19)

-5.99(-10.2, -2.48)

-4.57 (-8.15,-0.33) TER

Cumulative Probabilities

- AE
© w
© ©
< <
~ o
= -

1 2 3 4 5

RIS

~ DEN Placebo/Control

G)._

(Q_

(=) =
-’ T T T 1 B
1 2 3 4 5 1 2 3 4 5

=
N

Graphs by Treatment





OEBPS/Images/fendo-16-1579101-g002.jpg
DEN

PLA/CTRL

ALE

RIS

TER





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The efficacy and safety of denosumab, risedronate, alendronate and teriparatide to treat male osteoporosis: a systematic review and bayesian network meta-analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Systematic review registration

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Search strategy

          



          		

            2.2 Inclusion and exclusion criteria

          



          		

            2.3 Data extraction and risk of bias assessment

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Literature search and study selection

          



          		

            3.2 Study characteristics

          



          		

            3.3 Study quality and potential sources of bias

          

            		

              3.3.1 Percentage change in lumbar spine bone mineral density

            



            		

              3.3.2 Ranking probability of lumbar spine BMD improvement

            



            		

              3.3.3 Percentage change in femoral neck BMD

            



            		

              3.3.4 Ranking probability of femoral neck BMD improvement

            



            		

              3.3.5 Percentage change in total hip BMD

            



            		

              3.3.6 Ranking probability of total Hip BMD improvement

            



            		

              3.3.7 All adverse events

            



            		

              3.3.8 Ranking probability of all adverse events

            



            		

              3.3.9 Serious adverse events

            



            		

              3.3.10 Ranking probability of serious adverse events

            



          



          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-16-1579101-g005.jpg
ALE

0.19 (-7.91, 8.17)

DEN

2.29(0.78, 3.65)

2.08(-5.8,10.03)

PLA/CTRL

3.65 (-0.33, 6.34)

3.39(-5.29, 11.6)

137(-2.17,3.84)

RIS

0.75 (-2.42, 3.01)

0.5 (-7.87, 8.65)

-1.53(-4.22,04)

2.92(-5.13,-0.15) TER

1

2 4 6 8

Cumulative Probabilities

1

4 6 8

2

Placebo/Control

o l o
1 2 3 4 5
RIS
T T T T T
1 2 3 4 5

Graphs by Treatment






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2025.1579101_cover.jpg
& frontiers | Frontiers in Endocrinology

The efficacy and safety of denosumab,
risedronate, alendronate and teriparatide to
treat male osteoporosis: a systematic
review and bayesian network meta-analysis





OEBPS/Images/fendo-16-1579101-g008.jpg
073(-0.71,221) | 1.04(-0.71,2.81) | 093(-023,2.1)

DEN

1
1

0 2 4 6 8
0 2 4 6 8

1 2 3 4 1 2 3 4

Placebo/Control S Rs

Cumulative Probabilities
1
1

0 2 4 6 8
0 2 4 6 8

1 2 3 4 1 2 3 4

Rank
Graphs by Treatment





OEBPS/Images/fendo-16-1579101-g003.jpg
As percentage (intention-to-treat)

Overall Bias

Selection of the reported result
Measurement of the outcome
Mising outcome data

Deviations from intended interventions

Randomization process

0 10 20 30 40 50 60 70
M Low risk " Some concerns M High risk
Study ID
Boonen 2009 . Low risk
Gonnelli 2003 . Some concerns
Hwang 2010 . High risk

Kaufman 2004
Miller 2004
Orwoll 2000
Orwoll 2003
Orwoll 2012
Qi 2021
Ringe 2004

Ringe 2009

. ‘ ‘ . ‘ . . . . . . . Deviations from intended interventions
. ‘ . . . . . . ’ ‘ ‘ . Missing outcome data

. . . . . . ‘ ‘ . ‘ . . Measurement of the outcome

. ’ . ‘ . ‘ ‘ . ' ‘ . . Selection of the reported result
’.’."...‘..Overall

000005 SOE S @ uuonisstion rsces

Walker 2013

o0
o
o
o





OEBPS/Images/fendo-16-1579101-g006.jpg
ALE

0.18 (-7.71, 7.92) DEN

2.44(1.34,3.25) 2.22(-5.52,10.03)

PLA/CTRL

1.2 (-1.42,3.28) 0.97 (-6.96, 9.09)

-1.22 (-3.48,0.75)

RIS

1.77 (-0.28,3.4) 1.56(-6.29,9.53)

-0.65(-2.3,0.83)

0.56 (-0.98, 2.26)

.

Placebo/Control

o - ©
© ©
<~ <

o

.0

= &l &

=

T o+ o

-8 T T T T T

= 1 2 &) 4 5

o

¢ RS

=

T -~ <

=

£ @ ©

=

O © 1 ©
< 4 <
o~ 4 N
o o

Graphs by Treatment

TER

[ I I R I B

1 2 3 4 5
Rank






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-16-1579101-g001.jpg
Records identified through database searching
(n=3218): Pubmed (n=410), the Cochrane Library Additional records identified through

(n=145), Web of science (n=2174), Embase other scources (n=10)
(n=210), Scopus (n=279)

Records after duplicates removed (n=866)
Records screened Records excluded after review of the
(n=866) title and abstract (n=832)

Full-text articles assessed
for eligibility (n=34)

Full-text articles excluded for the
following reasons: (n=10)

Reasons for exclusion:

Studies included in )
qualitative systhesis 1. Did not have usable
(n=24) information (n=4)

2. Single arm studies/caseseries (n=6)

Studies included in
qualiative systhesis
(meta-analysis) (n=12)






OEBPS/Images/table1.jpg
Author, year Study Treatment Comparator Background treatment Length

design of interv
Boonen 2009 (55) RCT Multicenter study Risedronate 35 mg, daily Placebo Ca (1 g) and vit D (400-500 IU), twice daily Gl: 191 104 weeks
oral administration G2:93 (2 years)
Gonnelli 2003 (50) RCT Italy Alendronate 10 mg, oral No placebo Ca (1000 mg) daily oral administration Gl:39 156 weeks
daily administration G2:38 (3-years)
Hwang 2010 (54) RCT China Alendronate 70 mg, oral No placebo Caand Vit D supplement, daily G1:23 24 weeks
weekly administration oral administration G223
Miller 2004 (59) RCT USA, Multicentre Alendronate 70 mg, weekly Placebo Ca as carbonate (500 mg) and Vit D 2001U), | Gl: 109 52 weeks
oral administration daily oral administration G:58 (1 year)
Orwoll 2000 (19) RCT 20 centers in the United States Alendronate 10 mg, daily Placebo Ca (500 mg) and Vit D (400 IU), daily Gl:1d6 104 weeks
and 10 other countries oral administration oral administration G2:95 (2 years)
Orwoll 2003 (53) RCT 37 centers in 11 countries Teriparatide 20ug, subcutaneous 1: Teriparatide 40ug, Ca (1000 mg) and Vit D (400-1200 IU), daily ~ Gl: 151 52 weeks
daily injection subcutaneous daily injection oral administration G2:139 (1 year)
2: Placebo G3: 147
Orwoll 2012 (56) RCT Multicentre study (North Denosumab 60 mg, sub cutaneous Placebo Ca(21g and Vit D (2800 1U), daily Gl: 121 52 weeks
America and Europe) injection every 6 months (qém) oral administration G2 121 (1 year)
Qi2021 (52) RCT China Teriparatide 20 pg/day, daily Alendronate 10 mg/day, oral Ca and Vit D (dose not provided), daily G1:50 52 weeks
subcutaneous injection daily administration oral administration G2:50 1 year)
Ringe 2009 (57) RCT Germany Risedronate 5 mg, oral Daily alfacalcidol (1 microg) | Ca (1,000 mg) daily and Vit D (800 1U), daily | G1: 158 104 weeks
daily administration oral administration G2: 158 (2 years)
Walker 2013 (51) RCT Columbia Risedronate oral 35 mg, weekly 1: Teriparatide daily Ca (500 mg) and vit D (400 1U), daily Gl: 10 78 weeks
oral administration subcutaneous injection 20 g oral administration G2:9 (18 months)
2: Combination of both G310
Kaufman 2004 (58) RCT 37 study sites in 11 countries Teriparatide 20ug, subcutaneous 1: Teriparatide 40ug, Supplemental calcium (1,000 mg daily) and G122 18 months
daily injection subcutaneous daily injection vitamin D (400-1,200 IU daily) G2:20
2: Placebo G3:37
Ringe 2004 (43) RCT Germany Alendronate 10 mg, oral Alfacalcidol (1 g daily) Supplemental calcium (500 mg daily) Gl: 68 3 years

daily administration G2: 66





