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Background: Androgen deprivation therapy (ADT) suppresses the production of androgen, and ADT is broadly used for intermediate or higher risk disease including advanced and metastatic cancer. ADT is associated with numerous adverse effects derived from the pharmacological properties. Previous meta-analysis on fracture risk among ADT users possessed limited data without further subgroup analysis. Risk estimation of updated real-world evidence on ADT-related fracture remains unknown.
Objectives: To assess the risk of fracture and fracture requiring hospitalization associated with ADT among prostate cancer population on different disease conditions, treatment regimen, dosage level, fracture sites.
Methods: The Cochrane Library, PubMed, and Embase databases were systematically screened for eligible cohort studies published from inception to March 2020. Two authors independently reviewed all the included studies. The risks of any fracture and of fracture requiring hospitalization were assessed using a random-effects model, following by leave-one-out, stratified, and sensitivity analyses. The Grading of Recommendations Assessments, Development and Evaluations (GRADE) system was used to grade the certainty of evidence.
Results: Sixteen eligible studies were included, and total population was 519,168 men. ADT use is associated with increasing fracture risk (OR, 1.39; 95% CI, 1.26–1.52) and fracture requiring hospitalization (OR, 1.55; 95% CI, 1.29–1.88). Stratified analysis revealed that high-dose ADT results in an elevated risk of fracture with little statistical heterogeneity, whereas sensitivity analysis restricted to adjust for additional factors indicated increased fracture risks for patients with unknown stage prostate cancer or with no restriction on age with minimal heterogeneity. The GRADE level of evidence was moderate for any fracture and low for fracture requiring hospitalization.
Conclusion: Cumulative evidence supports the association of elevated fracture risk with ADT among patients with prostate cancer, including those with different disease conditions, treatment regimens, dose levels, and fracture sites. Further prospective trials with intact information on potential risk factors on fracture under ADT use are warranted to identify the risky population.
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INTRODUCTION
Prostate cancer is the most common cancer among men, and remains the second leading cause of death in the United States in 2020 (Siegel et al., 2020). Standard treatments based on health status for localized or locally advanced disease including watchful waiting, active surveillance, radical prostatectomy (RP), and radiotherapy (RT) with or without androgen deprivation therapy (ADT) (Gamat and McNeel, 2017; NCCN, 2020). For hormone-sensitive and castration-resistant metastatic disease, second-generation antiandrogens, docetaxel, radium-223, sipuleucel-T, and poly ADP ribose polymerase (PARP) inhibitors are the treatment options for various patient groups.
ADT is an effective treatment for prostate cancer (Gamat and McNeel, 2017; NCCN, 2020), including for those patients receiving RT or RP adjuvant therapy for localized or locally advanced disease or with castration-resistant or hormone-sensitive metastatic disease as well as patients with contraindications for or intolerance of radical treatment in very high-risk groups (A M El Batri et al., 2019), thus improving progression-free, overall survival (Tosco et al., 2019). Orchiectomy is a method of surgical castration, whereas luteinizing hormone–releasing hormone (LHRH) agonists, LHRH antagonists, and antiandrogen are used for chemical castration (NCCN, 2020). However, the long-term risks involved with ADT require further study.
Fractures are an important public health issue resulting in a heavy health care burden and affecting an individual’s quality of life (Santini et al., 2020). Furthermore, fracture among prostate cancer patients remains an independent negative predictor of overall survival (Oefelein et al., 2002). Research reported that ADT was significantly associated with reduced bone mineral density (BMD) in the lumbar spine, femoral neck, and total hip compared with controls (Kim et al., 2019). Nevertheless, BMD can only explain 60–80% of bone variation, and T-score is lack of complete insight on bone quality and construction (Li et al., 2004; Fitton et al., 2015). The association between fracture risk and ADT has been investigated in previous meta-analyses; however, some studies have not performed subgroup analysis based on disease state of prostate cancer, thus rendering indistinct the risks of pathological and nonpathological ADT-related fractures (Serpa Neto et al., 2010).
Because of the limited predictive validity of BMD values on fracture and incomplete data from previous meta-analyses, more comprehensive systematic reviews are warranted to fill this knowledge gap. Therefore, we quantitatively assessed all eligible studies focusing on the effect of ADT on fracture risk to obtain complete information.
METHODS
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Supplementary Material S1) and Meta-analysis of Observational Studies in Epidemiology (MOOSE; Supplementary Material S2) (Stroup et al., 2008; Moher et al., 2009) guidelines and registered in PROSPERO (CRD42020197561).
PICO Question
We followed the participants(P), intervention(I), comparators(C), and outcomes(O) for study selection under the PICO framework. The proposed clinical question of the present systematic review and meta-analysis is as followed: does having used ADT (compared to no use) increase the risk of fracture among prostate cancer population (P: prostate cancer population; I: ADT use; C: no ADT use; O: fracture or fracture requiring hospitalization)?
Search Strategies and Study Selection
We performed a comprehensive literature search of the Cochrane Library, PubMed, and Embase databases. The searching process has been conducted on 24th, April 2020. Literature reviewed was dated from inception through March 2020. The following search query, comprising a combination of keywords, was used in the 3 databases derived from previous PICO question: “prostate cancer AND (androgen deprivation OR androgen suppression OR chemical castration OR antiandrogen OR gonadotropin-releasing hormone agonist) AND fracture” (Supplementary Material S3). Two independent researchers reviewed the titles and abstracts to determine the eligibility of the articles, and subsequently read the full-text of the eligible articles.
Included and Excluded Criteria
Studies had to be cohort studies published in English and from all countries. Hazard ratio (HR), odds ratio (OR), or relative risk (RR) along with corresponding 95% confidence interval (CI) were extracted. If the study population was limited to patients with localized prostate cancer, we grouped the results as pertaining to localized prostate cancer. We considered the results of studies without a clear delineation of prostate cancer stage or metastatic prostate cancer to pertain to unknown stage prostate cancer. If the results of multiple included studies were derived from the same database, we selected the study with the longest duration. If there was lacking of primary outcome on total fracture risk, stratified results from separate dosage intensities were combined. We excluded researches that focused on the risk of BMD change and osteoporosis among ADT users. Studies lacking any requisite data were also excluded.
Data Extraction and Quality Assessment
Two authors independently used a self-developed form to record data. The form documented the study source, study design, patient characteristics, exposure assessment, treatment characteristics, outcome categories, outcome measures, definitions of prostate cancer and fracture, adjusted factors, and conflicts of interest. Discrepancies regarding these data were resolved through consensus.
The same authors assessed quality using the Newcastle-Ottawa scale (NOS) and Grading of Recommendations Assessments, Development and Evaluations (GRADE) assessment. The NOS is used to assess methodological quality in observational studies and is a validated 8-item tool that characterizes participant selection (4 items), comparability of populations (1 item), and outcome assessment (3 items). Low quality was defined as an NOS score of <7, and high quality was defined as an NOS score of ≥7 (Wells et al., 2021). Moreover, GRADE approach was applied for assessing the overall certainty of evidence from the included studies (Guyatt et al., 2011).
Data Synthesis and Statistical Analysis
The primary outcome was any fracture risk under ADT use. Leave-one-out sensitivity analysis was used to determine the robustness of the overall findings through sequential elimination of each trial. Stratified analyses were conducted based on disease condition, treatment regimen, dosage, age, and fracture site to identify relevant subgroups and investigate potential sources of heterogeneity among the studies. Sensitivity analysis was used to exclude studies with ≤4 adjusting factors for stratified groups comprising >3 studies. Secondary analyses were performed to evaluate the risk of fracture requiring hospitalization from ADT. Analyses were performed with Review Manager (version 5.4.1 for Windows, Cochrane Collaboration, Copenhagen, Denmark, 2014). Dichotomous outcomes are reported as ORs, and time-to-event outcomes are reported as HRs, each with a 95% CI. HRs and ORs were determined through the inverse variance method. Because the absolute risk of fracture is low, RRs or HRs from cohort studies were used to estimate the OR (Zhou et al., 2016).
Fixed- or random-effects models were applied on calculating effect size and 95% CI on the concept of between-study heterogeneity. The heterogeneity derived from separated studies was quantified using I2 test. Forest plots were constructed to evaluate statistical heterogeneity. Statistic heterogeneity was assessed for each outcome with the I2 method. We considered I2 values of 25–49%, 50–74%, and ≥75% to represent low, moderate, and high heterogeneity, respectively (Higgins et al., 2003). When I2 was higher than 50%, random-effects model was chosen; when it was lower than 50%, fixed-effects model was preferred. All p values were 2 sided, and statistical significance was set at p < 0.05. A funnel plot was constructed to assess bias visually, and the Egger test was performed to evaluate the asymmetry in the funnel plot. The trim-and-fill method was used to estimate and adjust for potential effects from unpublished studies. Publication bias, analyzed using Comprehensive Meta-Analysis (Version 3, Biostat, Englewood, NJ, United States) was examined only when more than 10 studies were included in the analysis of the primary outcomes.
RESULTS
Search Results and Characteristics of Included Studies
Figure 1 delineates the search protocol, which yielded 1915 articles initially: 416 from PubMed, 1,383 from Embase, and 116 from the Cochrane Library. Of these, 460 duplicated articles were initially excluded. Thereafter, we excluded 1,314 studies because of their incompatibility with the specified participants, interventions, comparisons, and outcomes screening in this study. In the last, we identified 141 articles which are considered closely related to the present study objectives. Of these 141 studies, 41 were excluded because they were conference abstracts/papers; 30 were excluded because they were review articles; 12 were excluded because they were editorials, comments, letters, short surveys, or replies; 24 were excluded because they had ineligible study designs or effect sizes or different dosing regimens; 1 was excluded because it was a published meta-analysis including the risks of fracture, osteoporosis, and osteopenia with ADT (Serpa Neto et al., 2010). Finally, 16 full-text studies (n  = 519,168 individuals) (López et al., 2005; Shahinian et al., 2005; Smith et al., 2005; Smith et al., 2006; Alibhai et al., 2010; Beebe-Dimmer et al., 2012; Shao et al., 2013; Kaipia et al., 2014; Morgans et al., 2014; Teoh et al., 2015; Wang et al., 2015; Wu et al., 2015; Wallis et al., 2016; Lee et al., 2017; Nguyen et al., 2018; Wallander et al., 2019) were included.
[image: Figure 1]FIGURE 1 | Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart.
The characteristics of the 16 studies included in the meta-analysis are summarized in Table 1. These articles were published from 2005 to 2019. Three were conducted in Europe [Sweden (Wallander et al., 2019), Finland (Kaipia et al., 2014), and Spain (López et al., 2005)], 8 in the United States (Shahinian et al., 2005; Smith et al., 2005; Smith et al., 2006; Beebe-Dimmer et al., 2012; Shao et al., 2013; Morgans et al., 2014; Wallis et al., 2016; Nguyen et al., 2018), 1 in Canada (Alibhai et al., 2010), and 4 in Asia [Taiwan (Wu et al., 2015), New Zealand (Wang et al., 2015), and China (Teoh et al., 2015; Lee et al., 2017)]. Thirteen studies assessed the risk of any fracture (López et al., 2005; Shahinian et al., 2005; Smith et al., 2005; Smith et al., 2006; Alibhai et al., 2010; Shao et al., 2013; Kaipia et al., 2014; Morgans et al., 2014; Teoh et al., 2015; Wu et al., 2015; Lee et al., 2017; Nguyen et al., 2018; Wallander et al., 2019), 5 assessed the risk of fracture requiring hospitalization (Shahinian et al., 2005; Beebe-Dimmer et al., 2012; Wang et al., 2015; Wallis et al., 2016; Lee et al., 2017), and 3 assessed the risk of hip fracture (Smith et al., 2006; Kaipia et al., 2014; Wallander et al., 2019). The number of study participants ranged from 201,797 in the Surveillance, Epidemiology, and End Results (SEER) program to 452 in a single-hospital study from China. Most included studies reported HRs (Smith et al., 2005; Alibhai et al., 2010; Beebe-Dimmer et al., 2012; Shao et al., 2013; Teoh et al., 2015; Wu et al., 2015; Wallis et al., 2016; Lee et al., 2017; Nguyen et al., 2018; Wallander et al., 2019), 4 reported ORs (Smith et al., 2006; Kaipia et al., 2014; Morgans et al., 2014; Wang et al., 2015), and 2 reported RRs (López et al., 2005; Shahinian et al., 2005). Nine studies considered patients with localized prostate cancer as their target demographic (Smith et al., 2005; Smith et al., 2006; Alibhai et al., 2010; Beebe-Dimmer et al., 2012; Shao et al., 2013; Morgans et al., 2014; Teoh et al., 2015; Wang et al., 2015; Wallis et al., 2016), but the other studies lacked prespecified criteria. Eight studies involved individuals aged only ≥66 years (Shahinian et al., 2005; Smith et al., 2005; Alibhai et al., 2010; Beebe-Dimmer et al., 2012; Shao et al., 2013; Wallis et al., 2016; Nguyen et al., 2018; Wallander et al., 2019), but no age restriction was applied in the remaining studies. Five studies were derived from the SEER program (Shahinian et al., 2005; Beebe-Dimmer et al., 2012; Shao et al., 2013; Wallis et al., 2016; Nguyen et al., 2018), from 1992 through either 1997 (Shahinian et al., 2005) or 2010 (Nguyen et al., 2018). ADT was verified from administrative or claims data in 14 studies (López et al., 2005; Shahinian et al., 2005; Smith et al., 2005; Smith et al., 2006; Abrahamsen et al., 2007; Lau et al., 2009; Alibhai et al., 2010; Beebe-Dimmer et al., 2012; Shao et al., 2013; Wang et al., 2015; Wu et al., 2015; Wallis et al., 2016; Nguyen et al., 2018; Wallander et al., 2019); however, some studies used medical records (Kaipia et al., 2014; Teoh et al., 2015; Lee et al., 2017), and one used patient reports (Morgans et al., 2014). Potential confounding factors were matched or adjusted for in individual studies. Authors from 6 studies (Smith et al., 2005; Smith et al., 2006; Shao et al., 2013; Morgans et al., 2014; Teoh et al., 2015; Wallander et al., 2019) declared a conflict of interest, whereas the others reported no conflict of interest.
TABLE 1 | Characteristics of studies included in meta-analysis.
[image: Table 1]Main Analysis
The main analysis investigated the association of ADT with any fracture risk and risk of fracture requiring hospitalization. Among the included studies, 13 investigated any fracture risk. With the results of 3 eligible studies derived from the same database (Wallis et al., 2016; Shao et al., 2013; López et al., 2005)excluded, ADT was associated with an increased risk of any fracture (OR = 1.39; 95% CI, 1.26–1.52; I2 = 83%), and this result was accompanied by significant heterogeneity (Figure 2). After removal of study from Beebe-Dimmer et al. (2012) from same data source with shorten researching date, secondary analyses found increased risk of fracture requiring hospitalization from ADT (OR = 1.55; 95% CI, 1.29–1.88; I2 = 80%; Figure 3).
[image: Figure 2]FIGURE 2 | Forest plot for androgen deprivation therapy and risk of fracture.
[image: Figure 3]FIGURE 3 | Forest plot for androgen deprivation therapy and risk of fracture requiring hospitalization.
Stratified and Sensitivity Analyses
Because of the high heterogeneity in the main analysis, stratified analysis of the numerous treatment methods and clinical factors was used to explore any further potential effects. Leave-one-out sensitivity analysis was employed for the primary outcome, and no single study substantially influenced the pooled OR, indicating that the present results remained stable (Supplementary Material S4). Furthermore, we conducted stratified analysis based on clinical parameters. First, we performed stratified analysis for the primary outcome in terms of disease condition. The risk of any fracture was elevated among individuals with localized (OR = 1.30; 95% CI, 1.08–1.57; I2 = 92%) or unknown stage prostate cancer (OR = 1.51; 95% CI, 1.32–1.73; I2 = 55%), with high heterogeneity. Diminished heterogeneity was observed among individuals with fracture risk with unknown stage prostate cancer under the restriction that studies must adjust for ≥4 factors (OR = 1.39; 95% CI, 1.35–1.43; I2 = 0%); however, all studies focusing on the patients with localized prostate cancer have been adjusted for ≥4 factors without further conduction of sensitivity analysis. Second, we explored the effects irrespective treatment regimen. Stratified analysis of LHRH agonist revealed an elevated fracture risk with limited information on antiandrogen or orchiectomy. In sensitivity analysis, the fracture risk among patients treated with LHRH agonists remained consistent, without a significant reduction in heterogeneity (stratified analysis: I2 = 66%; sensitivity analysis: I2 = 67%). Third, stratified analyses indicated an increase in fracture risk with increased dosage, and the ORs for low, medium, and high dosage were 1.08, 1.20, and 1.54, respectively; all three dose groups exhibited low heterogeneity (I2 = 0%). No sensitivity analysis was conducted for this stratification because all eligible studies were adjusted for more than 4 factors. Fourth, we analyzed only those individuals aged >65 years (OR = 1.34; 95% CI, 1.22–1.46; I2 = 87%) and a group with no age restriction (OR = 3.40; 95% CI, 2.07–5.58; I2 = 0%). Elevation in heterogeneity was noted on >65-year-old population (stratified analysis: I2 = 87%, sensitivity analysis: I2 = 92%) while lower heterogeneity has been noted on the population without age restriction (I2 = 0%). Finally, we restricted the fracture risk upon ADT administration to only that of the hip and discovered an elevated fracture risk (OR = 1.43; 95% CI, 1.10–1.86) with consistently elevated heterogeneity (Table 2).
TABLE 2 | Stratified and Sensitivity analyses of Primary Outcomes.
[image: Table 2]Quality of Included Studies, GRADE Assessment, and Publication Bias
Quality assessment of the cohort studies revealed that 6 studies had low quality (6 points) and 10 studies had high quality (7–9 points; Supplementary Material S5). The certainty of evidence for the risk of any fracture during ADT administration was moderate, whereas the certainty of evidence for fracture requiring hospitalization was low (Table 3). Serious risk of bias and inconsistency were noted, but indirectness and imprecision were not severe. A major discrepancy among the primary and secondary outcome was observed regarding that ADT only exhibited a dose-response relationship with the risk of any fracture. Publication bias was not suspected in the present meta-analysis, as indicated by the funnel plot (Figure 4) and Egger test (p = 0.33), and the overall effect size remained significant (OR = 1.34; 95% CI, 1.21–1.48) after trim-and-fill correction for missing data.
TABLE 3 | Results of grading of recommendations, assessment, development, and evaluations (GRADE) analysis.
[image: Table 3][image: Figure 4]FIGURE 4 | Funnel plot for assessing publication bias.
DISCUSSION
A previous meta-analysis reported that ADT is associated with decreased BMD (Kim et al., 2019) and elevated fracture risk (Serpa Neto et al., 2010) among prostate cancer patients. In the present meta-analysis based on cohort studies, ADT was associated with increased risks of fracture and fracture requiring hospitalization. Furthermore, consistent trends were observed for various disease conditions, dosage levels, treatment regimens, fracture sites, and age groups, with varying levels of heterogeneity. The certainty of evidence regarding the risks of any fracture and fracture requiring hospitalization was moderate and low, respectively.
The pathophysiology of prostate cancer relies on androgen and corresponding receptor signaling (A M El Batri et al., 2019), and the mechanism underlying ADT-induced fracture primarily involves a marked increase in bone turnover and alteration of the fat to lean body mass ratio (Santini et al., 2020). During adaptation to stress, constant turnover and remodeling occur and are processed through numerous transmitters, including osteoblasts, osteoclasts, hormones, and other related factors. Moreover, receptor activator of nuclear factor-κB ligand plays an important role in osteoclast activity, including differentiation (Bienz and Saad, 2015). Furthermore, ADT is potentially associated with modifications in body composition that lead to obesity (Santini et al., 2020). Obesity has a detrimental effect on bone health through hormonal dysregulation, oxidative stress, and inflammation. Sarcopenia induced by an increase in fat body mass directly and negatively affects skeletal structure, posing an additional threat to bone health (Santini et al., 2020).
The present stratified analysis revealed that both localized and unknown stage prostate cancer are associated with an increased risk of fracture. For localized prostate cancer, long-term ADT is recommended along with salvage treatment after RP for high-risk patients. Furthermore, short-term and long-term ADT are recommended after RT. By contrast, evidence regarding the optimal duration for neoadjuvant ADT and prostate-specific antigen intervention for salvage treatment is lacking (Zhou, 2019). In this study, ADT was associated with increased risks of any fracture and fracture requiring hospitalization. ADT remains the gold standard treatment for metastatic prostate cancer (NCCN, 2020). Although the exact mechanism underlying bone metastasis in prostate cancer remains unclear, the bone microenvironment is considered the key mediator of the tropism facilitating cancer cell migration to the bones through a cytokine gradient (A M El Batri et al., 2019). Patients with metastatic prostate cancer are at a much higher risk of skeletal events during ADT (Hussain et al., 2016). The inherent pathophysiology of metastasis and pharmacological properties of ADT might increase the risk of fracture among specific patients regardless of the primary treatment.
All types of ADT were associated with an elevated risk of fracture in this study. LHRH agonists have been considered the first-line treatment for almost all stages and grades of prostate cancer, including in patients considered at risk for fracture (Moreau et al., 2006). Antiandrogen, which poses a nonsignificant elevation in the risk of fracture requiring hospitalization, competes with endogenous androgen to bind to androgen receptors rather than eliminating circulating androgens, thus, androgen suppression is limited (Ricci et al., 2014). Increased estrogen level and loss of lean mass muscle mitigation derived from antiandrogen might also contribute to BMD preservation superior to LHRH agonist (Smith et al., 2004). Because androgen monotherapy has limited efficacy and a low survival rate (Seidenfeld et al., 2000),current guidelines have demoted it to the combine treatment strategy or to palliative therapy for patients with advanced or metastatic disease (NCCN, 2020). These confounding factors may partially explain the different risks of fracture associated with LHRH agonists and antiandrogen.
Three studies evaluated the effect of dose on the risk of fracture (Shao et al., 2013; Wu et al., 2015; Nguyen et al., 2018), and the methods of dosage selection remain similar to those reported by Shahinian et al. (2005). Nguyen et al. (2018) has been excluded from the analysis due to the shorter research period compared with Shao et al. (2013). Furthermore, the dosage-related risk was identified, but the long-term risk can only be detected through cohort studies as supplemental information not mentioned in clinical trials. Shao et al. (2013) investigated ADT as primary and adjunctive therapy and the risk of fracture with increased baseline risk of skeletal complications; Wu et al. (2015) and Nguyen et al. (2018) did not perform subgroup analysis, thus limiting interpretation of the different levels of fracture risk among various ADT patterns.
Age remains a crucial risk factor for fracture, and age was adjusted for in all included studies. Prespecified analysis revealed that bone loss among the general population individuals receiving ADT is more rapid and severe than that among elder individuals, and BMD reduction, and thus increased fracture risk, was observed at multiple skeletal sites (Eastham, 2007). The present stratified analysis found that the risk of fracture among patients aged >65 years was lower than that among the general population; ADT was found to increase the risk of fracture among all age groups, without significant changes in heterogeneity, after stratified and sensitivity analyses. Heterogeneity might be partially reflected the complicated mechanism.
This study has several limitations. First, information regarding lifestyle-related (calcium/vitamin D intake, nutrition status, exercise intensity and frequency, and history of fracture) and disease-related (cancer risk groups, genetic composition, and family history) factors, RT dose and RP, the purpose of ADT intervention (neoadjuvant, adjuvant, or salvage treatment), and antiresorptive medication use were not well documented in every study. In addition, most cohort studies did not adequately indicate the RT dose or divided radical surgery into different groups because of database limitations, potentially resulting in heterogeneity in the results, even after sensitivity analysis. Second, after RP, patients receiving ADT for localized disease were prone to disease progression to the advanced stage, biochemical failure, and micrometastasis, potentially resulting in a selection bias. Therefore, the certainty of evidence remains low to moderate because of the risk of bias and inconsistency among the included studies. Finally, data on fractures treated with LHRH antagonists and second-generation antiandrogen remain scarce. Further studies are required to confirm the differential risks of these agents on fracture.
CONCLUSION
This study reports that ADT is significantly associated with an elevated risk of fracture among patients with localized and unknown stage prostate cancer. The elevated risk is positively correlated with the duration of ADT. Furthermore, analyses stratified by age and ADT regimen revealed similar risks. However, different treatment indications and disease populations potentially contribute to significant heterogeneity in outcomes. Well-designed prospective trials with intact information of risk factors on fracture are warranted to overcome these limitations.
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
CCW and PYC conceived and designed this study with the guidance from CYC. CCW and PYC assessed the risk of bias from eligible studies independently. CCW carried out the review with meta-analysis. CCW drafted the manuscript, and the remaining authors contributed with additions and amendments through the process. All authors approved the final manuscript.
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.
ACKNOWLEDGMENTS
We would like to thank pharmacist Lei Yu Chang for the assistance with editing the figures, tables, and supplemental materials. 
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2021.652979/full#supplementary-material
REFERENCES
 A M El Batri, S., Salawu, A., and Brown, J. E. (2019). Bone Health in Men with Prostate Cancer: Review Article. Curr. Osteoporos. Rep. 17 (6), 527–537. doi:10.1007/s11914-019-00536-8
 Abrahamsen, B., Nielsen, M. F., Eskildsen, P., Andersen, J. T., Walter, S., and Brixen, K. (2007). Fracture Risk in Danish Men with Prostate Cancer: a Nationwide Register Study. BJU Int. 100 (4), 749–754. doi:10.1111/j.1464-410x.2007.07163.x
 Alibhai, S. M. H., Duong-Hua, M., Cheung, A. M., Sutradhar, R., Warde, P., Fleshner, N. E., et al. (2010). Fracture Types and Risk Factors in Men with Prostate Cancer on Androgen Deprivation Therapy: A Matched Cohort Study of 19,079 Men. J. Urol. 184 (3), 918–924. doi:10.1016/j.juro.2010.04.068
 Beebe-Dimmer, J. L., Cetin, K., Shahinian, V., Morgenstern, H., Yee, C., Schwartz, K. L., et al. (2012). Timing of Androgen Deprivation Therapy Use and Fracture Risk Among Elderly Men with Prostate Cancer in the United States. Pharmacoepidemiol. Drug Saf. 21 (1), 70–78. doi:10.1002/pds.2258
 Bienz, M., and Saad, F. (2015). Androgen-deprivation Therapy and Bone Loss in Prostate Cancer Patients: a Clinical Review. Bonekey Rep. 4, 716. doi:10.1038/bonekey.2015.85
 Eastham, J. A. (2007). Bone Health in Men Receiving Androgen Deprivation Therapy for Prostate Cancer. J. Urol. 177 (1), 17–24. doi:10.1016/j.juro.2006.08.089
 Fitton, L., Astroth, K. S., and Wilson, D. (2015). Changing Measures to Evaluate Changing Bone. Orthop. Nurs. 34 (1), 12–18. doi:10.1097/nor.0000000000000110
 Gamat, M., and McNeel, D. G. (2017). Androgen Deprivation and Immunotherapy for the Treatment of Prostate Cancer. Endocr-Relat Cancer 24 (12), T297–T310. doi:10.1530/erc-17-0145
 Guyatt, G., Oxman, A. D., Akl, E. A., Kunz, R., Vist, G., Brozek, J., et al. (2011). GRADE Guidelines: 1. Introduction-GRADE Evidence Profiles and Summary of Findings Tables. J. Clin. Epidemiol. 64 (4), 383–394. doi:10.1016/j.jclinepi.2010.04.026
 Higgins, J. P. T., Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). Measuring Inconsistency in Meta-Analyses. Bmj 327 (7414), 557–560. doi:10.1136/bmj.327.7414.557
 Hussain, A., Aly, A., Daniel Mullins, C., Qian, Y., Arellano, J., and Onukwugha, E. (2016). Risk of Skeletal Related Events Among Elderly Prostate Cancer Patients by Site of Metastasis at Diagnosis. Cancer Med. 5 (11), 3300–3309. doi:10.1002/cam4.914
 Kaipia, A., Riikonen, J., Norja, H., Huhtala, H., and Laitinen, M. (2014). Androgen Ablation for Low-Risk Prostate Cancer Is Common Among Male Hip Fracture Patients. Scand. J. Urol. 48 (2), 189–194. doi:10.3109/21681805.2013.813066
 Kim, D. K., Lee, J. Y., Kim, K. J., Hong, N., Kim, J. W., Hah, Y. S., et al. (2019). Effect of Androgen-Deprivation Therapy on Bone Mineral Density in Patients with Prostate Cancer: A Systematic Review and Meta-Analysis. J. Clin. Med. 8 (1), 113. doi:10.3390/jcm8010113
 Lau, Y. K., Lee, E., Prior, H. J., Lix, L. M., Metge, C. J., and Leslie, W. D. (2009). Fracture Risk in Androgen Deprivation Therapy: a Canadian Population Based Analysis. Can. J. Urol. 16 (6), 4908–4914.
 Lee, C. H., Huang, G., Chan, P. H., Hai, J., Yeung, C. Y., Fong, C. H. Y., et al. (2017). Androgen Deprivation Therapy and Fracture Risk in Chinese Patients with Prostate Carcinoma. PLoS ONE 12 (2), e0171495. doi:10.1371/journal.pone.0171495
 Li, Z., Chines, A. A., and Meredith, M. P. (2004). Statistical Validation of Surrogate Endpoints: Is Bone Density a Valid Surrogate for Fracture?. J. Musculoskelet. Neuronal Interact 4 (1), 64–74.
 López, A. M., Pena, M. A., Hernández, R., Val, F., Martín, B., and Riancho, J. A. (2005). Fracture Risk in Patients with Prostate Cancer on Androgen Deprivation Therapy. Osteoporos. Int. 16 (6), 707–711. doi:10.1007/s00198-004-1799-7
 Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and Group, P. (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA Statement. J. Clin. Epidemiol. 62 (10), 1006–1012. doi:10.1016/j.jclinepi.2009.06.005
 Moreau, J.-P., Delavault, P., and Blumberg, J. (2006). Luteinizing Hormone-Releasing Hormone Agonists in the Treatment of Prostate Cancer: A Review of Their Discovery, Development, and Place in Therapy. Clin. Ther. 28, 1485–1508. doi:10.1016/j.clinthera.2006.10.018
 Morgans, A. K., Fan, K.-H., Koyama, T., Albertsen, P. C., Goodman, M., Hamilton, A. S., et al. (2014). Bone Complications Among Prostate Cancer Survivors: Long-Term Follow-Up from the Prostate Cancer Outcomes Study. Prostate Cancer Prostatic Dis. 17 (4), 338–342. doi:10.1038/pcan.2014.31
 National Comprehensive Cancer Network Prostate Cancer (2020). Prostate cancer (Version 2.2020). United States: Harborside PressAvailable from: https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
 Nguyen, C., Lairson, D. R., Swartz, M. D., and Du, X. L. (2018). Risks of Major Long-Term Side Effects Associated with Androgen-Deprivation Therapy in Men with Prostate Cancer. Pharmacotherapy 38 (10), 999–1009. doi:10.1002/phar.2168
 Oefelein, M. G., Ricchiuti, V., Conrad, W., and Resnick, M. I. (2002). Skeletal Fractures Negatively Correlate with Overall Survival in Men with Prostate Cancer. J. Urol. 168 (3), 1005–1007. doi:10.1016/s0022-5347(05)64561-2
 Ricci, F., Buzzatti, G., Rubagotti, A., and Boccardo, F. (2014). Safety of Antiandrogen Therapy for Treating Prostate Cancer. Expert Opin. Drug Saf. 13 (11), 1483–1499. doi:10.1517/14740338.2014.966686
 Santini, D., Berruti, A., Di Maio, M., Procopio, G., Bracarda, S., Ibrahim, T., et al. (2020). Bone Health Management in the Continuum of Prostate Cancer Disease: a Review of the Evidence with an Expert Panel Opinion. ESMO Open 5 (2). doi:10.1136/esmoopen-2019-000652
 Seidenfeld, J., Samson, D. J., Hasselblad, V., Aronson, N., Albertsen, P. C., Bennett, C. L., et al. (2000). Single-Therapy Androgen Suppression in Men with Advanced Prostate Cancer. Ann. Intern. Med. 132, 566–577. doi:10.7326/0003-4819-132-7-200004040-00009
 Serpa Neto, A., Tobias-Machado, M., Esteves, M. A., Senra, M. D., Wroclawski, M. L., Fonseca, F. L., et al. (2010). A Systematic Review and Meta-Analysis of Bone Metabolism in Prostate Adenocarcinoma. BMC Urol. 10, 9. doi:10.1186/1471-2490-10-9
 Shahinian, V. B., Kuo, Y.-F., Freeman, J. L., and Goodwin, J. S. (2005). Risk of Fracture after Androgen Deprivation for Prostate Cancer. N. Engl. J. Med. 352 (2), 154–164. doi:10.1056/nejmoa041943
 Shao, Y.-H., Moore, D. F., Shih, W., Lin, Y., Jang, T. L., and Lu-Yao, G. L. (2013). Fracture after Androgen Deprivation Therapy Among Men with a High Baseline Risk of Skeletal Complications. BJU Int. 111 (5), 745–752. doi:10.1111/j.1464-410x.2012.11758.x
 Siegel, R. L., Miller, K. D., and Jemal, A. (2020). Cancer Statistics, 2020. CA A. Cancer J. Clin. 70 (1), 7–30. doi:10.3322/caac.21590
 Smith, M. R., Goode, M., Zietman, A. L., McGovern, F. J., Lee, H., and Finkelstein, J. S. (2004). Bicalutamide Monotherapy versus Leuprolide Monotherapy for Prostate Cancer: Effects on Bone Mineral Density and Body Composition. Jco 22 (13), 2546–2553. doi:10.1200/jco.2004.01.174
 Smith, M. R., Lee, W. C., Brandman, J., Wang, Q., Botteman, M., and Pashos, C. L. (2005). Gonadotropin-releasing Hormone Agonists and Fracture Risk: a Claims-Based Cohort Study of Men with Nonmetastatic Prostate Cancer. Jco 23 (31), 7897–7903. doi:10.1200/jco.2004.00.6908
 Smith, M. R., Boyce, S. P., Moyneur, E., Duh, M. S., Raut, M. K., and Brandman, J. (2006). Risk of Clinical Fractures after Gonadotropin-Releasing Hormone Agonist Therapy for Prostate Cancer. J. Urol. 175 (1), 136–139. doi:10.1097/00005392-200601000-00035
 Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I., Williamson, G. D., Rennie, D., et al. Meta-analysis of Observational Studies in Epidemiology: a Proposal for Reporting. Meta-Analysis of Observational Studies in Epidemiology (MOOSE) Group. JAMA 283 (15), 2008–2012. doi:10.1001/jama.283.15.2008
 Teoh, J. Y. C., Chiu, P. K. F., Chan, S. Y. S., Poon, D. M. C., Cheung, H.-Y., Hou, S. S. M., et al. (2015). Androgen Deprivation Therapy, Diabetes and Poor Physical Performance Status Increase Fracture Risk in Chinese Men Treated for Prostate Cancer. The Aging Male 18 (3), 180–185. doi:10.3109/13685538.2015.1046043
 Tosco, L., Briganti, A., D’amico, A. V., Eastham, J., Eisenberger, M., Gleave, M., et al. (2019). Systematic Review of Systemic Therapies and Therapeutic Combinations with Local Treatments for High-Risk Localized Prostate Cancer. Eur. Urol. 75 (1), 44–60. doi:10.1016/j.eururo.2018.07.027
 Wallander, M., Axelsson, K. F., Lundh, D., and Lorentzon, M. (2019). Patients with Prostate Cancer and Androgen Deprivation Therapy Have Increased Risk of Fractures-A Study from the Fractures and Fall Injuries in the Elderly Cohort (FRAILCO). Osteoporos. Int. 30 (1), 115–125. doi:10.1007/s00198-018-4722-3
 Wallis, C. J. D., Mahar, A. L., Satkunasivam, R., Herschorn, S., Kodama, R. T., Lee, Y., et al. (2016). Cardiovascular and Skeletal-Related Events Following Localized Prostate Cancer Treatment: Role of Surgery, Radiotherapy, and Androgen Deprivation. Urology 97, 145–152. doi:10.1016/j.urology.2016.08.002
 Wang, A., Obertová, Z., Brown, C., Karunasinghe, N., Bishop, K., Ferguson, L., et al. (2015). Risk of Fracture in Men with Prostate Cancer on Androgen Deprivation Therapy: A Population-Based Cohort Study in New Zealand. BMC Cancer 15 (1). doi:10.1186/s12885-015-1843-3
 Wells, G. A., Shea, B., O'Connell, D., Peterson, J., Welch, V., Losos, M., et al. (2021). The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. Available from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. (Accessed 24th, May).
 Wu, C.-T., Yang, Y.-H., Chen, P.-C., Chen, M.-F., and Chen, W.-C. (2015). Androgen Deprivation Increases the Risk of Fracture in Prostate Cancer Patients: a Population-Based Study in Chinese Patients. Osteoporos. Int. 26 (9), 2281–2290. doi:10.1007/s00198-015-3135-9
 Zhou, B., Huang, Y., Li, H., Sun, W., and Liu, J. (2016). Proton-pump Inhibitors and Risk of Fractures: an Update Meta-Analysis. Osteoporos. Int. 27 (1), 339–347. doi:10.1007/s00198-015-3365-x
 Zhou, D. F. L. (2019). Androgen Deprivation Therapy in Nonmetastatic Prostate Cancer Patients: Indications, Treatment Effects, and New Predictive Biomarkers. Asia-pac. J. Clin. Oncol. 15, 108–120. doi:10.1111/ajco.13108
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.
Copyright © 2021 Wu, Chen, Wang, Tsai, Wang, Tai, Luo, Wang and Chen. 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.
OPS/images/fphar-12-652979-t001.jpg
Study,
publication
year,
location

Walander ot o,
(2019), Sweden

Ngyen et o,
(2018), UsA

Looetal (2017),
crina

Walis et &
(2016), Canaca

Wang ot
(2015),
New Zealand

Teoh ot 8.
(2015), Crina

W ot al (2015),
Tavan

Morgans et al.
(2014), UsA

Kapia et al
(2014), Friand

Shao ot al.
(2019), USA

Beabe-Dimmer
dta,
2012), UsA

Aoha ot o
(2010), Canaca

St ot o,
(2006), UsA

Smith ot o,
(2005), USA

Shahiian et a.
(2005), USA

Lopez ot al.
(2005), Spain

Study

2008-2014

1992-2000

20012011

2000-2008

2004-2012

2000-2009

1998-2007

1094-1995

1998-2008

1982-2007

1996-2000

1995-2005

1998-2000

1992-1904

1992-1997

nformaton

Ages
studied )

5651
Prostate
cancer
with ADT:
8227
Prostate
cancer
without
£0T: 79
174

729185

68194

695465

restrction

Envoled
EXY

ADT group:
695165
NonADT
group: 682
+59

o]
agorit
784283
Non LHAH
agorst
689+00
565

o1
goups: 72
27;Control
group: 70
18

Study

008

117,962

a1

2551

a2

1735

6051

75994

158

12120

11,681

50818

Study

Fractures and
alinuis in
the ey
oonort
(FRALCO)

‘seeA Program

Queen Mary
Hospia (singe
centen

SEER program

Now Zealand

Regairy

hinese
Universty of
Hong Kong
(sgle center)

Natonal Hoath
Insurance
Resaarch
Databaso
Prosiate
Cancer
Outcomes
Sty envoled
as partof SEER.
program)
Tampere
Univrsty
Contral
Hospial
database
SEER program

SEER program

Ortao Cancer
Rogty

Medical daims
rom 16 arge
American
companies

Medcare
publc se fio
databases

SEER program

Uroogy and
pathdogy
epartments.

assossment

No mformaton

Adminitrative or caims data
(Heatncare Common
Procedure Codg System,
‘Cammon Procedure
Termindogy)

Mecal ecords

Administrative or caims data

Admiitraie or caims data
(PhamacouticaCotection)

Meical ecords

Admiitraie or caims data

Patent report

Mecal ecords

Administrative or cims data

Administrative or caims data

Adminitrative or cims data

Administrative or cims data

Administrative or caims data

Admitrahe or caims data

Administraive or cims data

RT/RP

No information

AT and AP
indluded (RT
adustmont)

Urknown

nclude AT

ana P

Unknown

Post AT or P

Incluge AT
and P

nclude AT
ana P

nclude RT
and P

Include AT
anaRP

Include AT and
RP (acjustment)

Include RP

Urknown

Unknown

AT ang P
included

(acustmen)

Urknown

Gategory
of ADT

LHRH agonist

Antiresorptive
medication

Yes

LHAHagonists or - No

antagonists

LHRH agonists or

antagonists,
antancrogen

LHRH agonists or

antagonits
biateral
orctiectomy
LHAH agonist,
antancrogen,
LHRH agonist +
antancrogen,
biateral
orchiectomy.
biateral
orchiectomy +
phamacologic
therapy (LHRH
agonist +
antancrogen)
LHRH agonist,
biateral
orchiectomy.
biateral
orctiectomy +
LHAH agonist
LHAH agonist,
biateral
orchiectomy

LHAH agonist,
antancrogen,
LHRH agonist +
antancrogen

LHRH agonis,
biateral
orchiectomy

LHRH agonis,
biateral
orchiectomy

LHRH agonist,
biateral
orchiectomy

LHRH agonist,
antancrogen,
LHRH agonist +

antancrogen,
biateral

orchiectomy

LHRH agonist

LHRH agonist

LHAH agonist,
biateral
orchiectomy

LA agonists +

androgen

receptor blockers

Yes

Unknown

Yes

Unknonn

Yes

Yes

Yes

No

No

Outcome.
categories

Fractus, hp
racture, major
osteoporotc
fracture

Fracture

Hospial
adimission for
racture

Fractur requeng
hospiaizaton

Fracture (any
racture, hip
racture) recuiing
hospiaizaton

Fracture

Fracturo

Fracture

Hp facture.

Fracture

Fractue, acure

requiing
hospiaizaton

Fractus, fragity
factre

Fracturo ip
actureertsbral
fracture

Fracture

Fractue, racture
roquiing
hospiaizaton

Fracture

Fracture

10D-10-C
codes S720-

722 + sugical
procedure code

1CD-9-CM codos.
733.1x, 800-620

10D-9-0M codes.
733, 805-805,
810819,
820820
1CD-9.CM codes
7331, 800-620

1cD-10-CM
codes $12, 522,
52, 342, 852,
se2, 572,
se2, s

Not mertioned

1CD-9-0M codos
733.1x, 800-827

Patent sal.

1oD-10-CM.
codes 5720-
sn22

10D-6-0M codes:
733.1x, 800-629

10D-9.CM codes
7831, 800-829

Hospia ipatient
and outpatient
caims

1CD-9-CM codes
767, 800-839,
850-854, VE6.4s

10D-0-0M codes
733.1-733.19,
22325-22.027,
805, 806,
820829

1CD-9-CM codos.
733.1x, 800-629

Medica records

Adjusted

Age, height, weight,
previous fractue,
gucocoricod use,
theumatoid artrits,
estimated
overconsumpion of
acond, secondary
osteopoross, CC,
dondronate, cacum
-+ tami D, previous
tooun fal

Age, racoletnnicty.
martal stats, wban
or ural locaton,
SEER geographic
area, year of
agnoss.

status, comorbidty
soore, cancer siage
at dagnoss, Geason
soore, AT, surgery
Age, DM, ADT

Ago, grade,raco,
martal stas, O,
prediagnosis history
of osteoporosis
Age, ety

Age, DM,
Iypertension,
Iyperipidema,
preexisting ischemic:
heart disease, ECOG
poformance status
Age, sacioeconomic
sttus, COL oiher
cancer reatments
rocoived

ADT weatment, age
race, martal staus,
G, Gloason score

Age, PSA level
outcome: ow risk,
medium ik, high
)

Age, year of
dagnoss, race,
tumor grade and
stage,riskfactor
index, comorticy,
cumuative dose of
LHRH agonists in 1-
month equivant
doses.

Age at prostate
‘cancer dagnosis,
ace, tumor grade,
dinica T stage,
‘comartiaty, istory
of factee,
osteopoross or
osteoperia prior to
prostate cancer
dagnoss, and
primary treatment
Age, prir bone.
thinning mecication,
pror chvoni kidney
disease, prior
demenia, pror
nagiy ractur, pricx
osteopoross
agnoss or
weatment,prioc
heumatologic
disease, reguar
primary Gare access
LHAH agorist
veatment, age,
comartiaty, income,
bservaton pericd,
‘geographic regon,
heaith plan type:
Age, race,location,
cardiovascuar
disease, DV, LHRH
agonit troatmen,
cuaton of LHRH
agonit vatment
Age: racoletnnicty:
SEBRrogon, grade ol
prostate cancer;
cancer sage; year of
Gagnoss; evel of
education; icome;
G numbr of
provdervists witin
e 12 months before
dagnoss; presence
ofosteaporasis,
osteopenia, o
acture within the
12 months before
agnoss; presence
or absence of
veatment wih AP
oAt

Age, preious
racture, smoking
habsts, acohol habls

Conflct
of intorest

Yes

Yes

Yes

Yes

Yes

Yes

informatin

Abbreviatons: ADT, androgen deprivation therapy; CCI, Chaison comorbicity index; D, dlabetes meltus;{CO-5-C, Interational Classifcation of iseases, Ninth Revision, Ciiical Modication; ICD-10-CM, Interational Classication of
Disoases, Tenth Revision, Clincal Modification; LHRH, uteiizing hormono-releasing hormone; PSA, prostate-specific antigen; P, racical prostatoctomy; RT, radotherapy; SEER, Survellance, Epidemiology, and End Rosult; SD, standard

RN





OPS/images/fphar-12-652979-t002.jpg
Factor

Disease condition
Localized
Unknown stage

Treatment regimen
LHRH agonist
Antiandrogen
Orchiectomy

Dose level
Low
Medium
High

Age
Not restricted
>65 years only

Fracture site
Hip

Stratified analysis

Sensitivity analysis (conduced on >3 studies of each stratified analysis)

No. of
studies

o

3

Summary of
adjusted OR
(95% CI)

1.30(1.08, 1.57)
1.51(1.32, 1.73)

1.26 (1.13, 1.40)

1.08 (1.02, 1.15)
1.20(1.08, 1.32)
1.54 (1.45, 1.63)

3.40 (2,07, 5.58)
1.34 (1.2, 1.46)

1.43 (1.10, 1.86)

Heterogeneity, I2 (%)

92
55

66

oo

0
87

75

Abbreviatione: LHRH, kaeinizing hormone-releasing hormone; OB, odds ratio.

No. of Summary of

studies (>4 adjusted OR (95% Cl)

adjusted factors)

2 1.39 (1.35, 1.43)

3 1.19 (1.08, 1.31)
2 2.89 (1.40, 5.98)
5 129 (1.17, 1.42)
2 1.23 (1.04, 1.45)

Heterogeneity, I (%)

92

78





OPS/images/fphar-12-652979-g003.gif





OPS/images/fphar-12-652979-g004.gif
PRGN It ol Pracision by Log edi e





OPS/images/fphar-12-652979-t003.jpg
Certainty assessment Effect
No. of Study Risk Inconsistency Indirectness Imprecision Other Relative Absolute
studies design  of bias considerations  (95% (95%
<) )
Risk of any fracture
10 Observational  Serious Serious Notserious  Notserious ~ Doseesponse  OR1.39 1 fewer per
studies gradient (1.26, 1,000 (from 2
1.52) fewer to 1
fewer)
Risk of fracture requiring hospitalization
4 Observational Serious ~ Serious Not serious Not serious None OR 1.55 2 fewer per
studies (1.29, 1,000 (from 2
1.88) fewer to 1

fewer)

Certainty  Importance

clcle)
Db Citical

@00
iy Critical





OPS/xhtml/nav.xhtml
Contents

		Cover

		Risk of Fracture During Androgen Deprivation Therapy Among Patients With Prostate Cancer: A Systematic Review and Meta-Analysis of Cohort Studies		Introduction

		Methods		PICO Question

		Search Strategies and Study Selection

		Included and Excluded Criteria

		Data Extraction and Quality Assessment

		Data Synthesis and Statistical Analysis





		Results		Search Results and Characteristics of Included Studies

		Main Analysis

		Stratified and Sensitivity Analyses

		Quality of Included Studies, GRADE Assessment, and Publication Bias





		Discussion

		Conclusion

		Data Availability Statement

		Author Contributions

		Publisher’s Note

		Acknowledgments

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Risk of Fracture During Androgen
Deprivation Therapy Among
Patients With Prostate Cancer: A
Systematic Review and Meta-
Analysis of Cohort Studies





OPS/images/fphar-12-652979-g001.gif
Reconds b oy
p——"
Cocbne0-116)
416
e 1355
Dpion
-0
[ —
1459
[rer——
)
. P ———
et PO 1315
[ T— [w—
i - 1) [re——
1
[— [
pros—— sty 0 12)
D e o g
Tk r16)
M i)
[ —
[ ———— oy
st s (| i o s
) 019 pisiemrig

-






OPS/images/fphar-12-652979-g002.gif
T









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





