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INTRODUCTION

Parkinson's disease (PD) and osteoporosis (OP) are both age-related diseases recognized as a major public health issue with a high prevalence and an increased risk of loss of autonomy, long-term disability and increased mortality [START_REF] Kim | Parkinson disease[END_REF][START_REF] Compston | Osteoporosis[END_REF]. OP is the most common metabolic skeletal disorder, characterized by a decrease in bone mass and alterations of the microarchitecture, leading to skeletal fragility and an increased risk of fractures [START_REF] Compston | Osteoporosis[END_REF]. OP is a multifactorial disease including aging, gonadal insufficiency and vitamin D deficiency [START_REF] Compston | Osteoporosis[END_REF][START_REF] Drake | The Pathophysiology and Treatment of Osteoporosis[END_REF]. In Western populations, the risk of OP fracture occurring in the remaining lifetime from 50 -years -old individuals is 50% for women and 20% for men [START_REF] Liu | State of the art in osteoporosis risk assessment and treatment[END_REF]. The incidence of OP fractures increases with age and so-called "severe" fractures (spine, hip, humerus and pelvis) are associated with increased morbidity and mortality [START_REF] Sattui | Fracture mortality: associations with epidemiology and osteoporosis treatment[END_REF].

The diagnosis of OP is based on the combination of low bone mineral density (BMD) measured by Dual energy X-ray absorptiometry and several factors including age, sex, low body mass index and previous fragility fracture [START_REF] Liu | State of the art in osteoporosis risk assessment and treatment[END_REF][START_REF] Kanis | Scientific Advisory Board of the European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) and the Committees of Scientific Advisors and National Societies of the International Osteoporosis Foundation (IOF). Executive summary of the European guidance for the diagnosis and management of osteoporosis in postmenopausal women[END_REF][START_REF] Lorentzon | Osteoporosis: the evolution of a diagnosis[END_REF]. OP can be revealed by its complication, fragility fractures, but could be diagnosed earlier based on BMD results [START_REF] Compston | Osteoporosis[END_REF][START_REF] Kanis | Scientific Advisory Board of the European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) and the Committees of Scientific Advisors and National Societies of the International Osteoporosis Foundation (IOF). Executive summary of the European guidance for the diagnosis and management of osteoporosis in postmenopausal women[END_REF][START_REF] Lorentzon | Osteoporosis: the evolution of a diagnosis[END_REF]. Although OP fractures can occur spontaneously, particularly vertebral fractures, falls from standing height are the leading causes of fragility fractures. Among these falls, 5% are responsible for fractures at any site [START_REF] Tinetti | Risk factors for falls among elderly persons living in the community[END_REF].

PD is the commonest neurodegenerative disorder after Alzheimer's disease, characterized by rigidity, tremor while rest, bradykinesia, postural instability and others non motors symptoms [START_REF] Kim | Parkinson disease[END_REF]. PD is recognized as a major public health problem because of its high prevalence and the disabilities and deaths related to this condition [START_REF] Kim | Parkinson disease[END_REF][START_REF] Draoui | Parkinson's disease: From bench to bedside[END_REF]. Indeed, in France in 2010, the prevalence in the population was 308 to 410 per 100 000 persons (depending on the definition used) and it dramatically increases with age [START_REF] Blin | Parkinson's disease incidence and prevalence assessment in France using the national healthcare insurance database[END_REF]. Beside this high risk of falls, PD is associated with low BMD related to multiple risk factors in relation to the specific pathophysiology of PD, that increase the risk of low-trauma fractures [START_REF] Malochet-Guinamand | Parkinson's disease: A risk factor for osteoporosis[END_REF][START_REF] Figueroa | Parkinson's disease and osteoporosis: basic and clinical implications[END_REF].

Based on these findings, the increased risk of OP fractures in PD patients has been explored in many studies. The most recent meta-analysis of global fracture risk in PD was published in 2014, reporting an increase of this risk [START_REF] Tan | Parkinson's disease and risk of fracture: a meta-analysis of prospective cohort studies[END_REF]. Since then, new data on fracture risk in PD patients have become available and two meta-analyses have just been published but are restricted to peripheral fractures and one extended to parkinsonism [START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF][START_REF] Hosseinzadeh | Parkinson's disease and risk of hip fracture: systematic review and meta-analysis[END_REF]. Thus, we performed a meta-analysis of cohort studies to actualize the association between PD and OP fracture risk at all sites, including vertebral fractures.

MATERIALS AND METHODS

Search strategy

We performed a systematic search on PubMed and Embase up to February the 2th 2019 for prospective and retrospective cohort studies that reported the association between PD . We also performed a review of the reference list of all the articles of interest in order to find any additional literature. The language restriction was French and English.

Study selection criteria

We included the studies that met the following criteria: studies that had a prospective or retrospective cohort design controlled or not, whose main outcome was the relationship between PD and at least one anatomic site of fracture, whose study population was exclusively primitive PD patients, studies that reported the RR or the HR with their IC 95% and the analyzed fractures having occurred after the diagnosis of PD. Studies that included secondary Parkinsonism or did not report risk estimated or were conference abstracts were excluded.

Data extraction and quality assessment

Two investigators (ML and SF) collected the data using a predetermined form. For each study, we extracted the following data with open office binder : year of publication, type of study, country, age, gender ratio, average follow-up, total cases and total controls, outcomes, outcome assessment (site of fracture), adjustment for confounders, falls, osteoporosis or BMD, and the risk of fracture for each anatomic site, or estimated based on sample size and number of patients with fractures (Hazard ratios (HRs) and Relative risk (RR) for total fractures, hip fractures and vertebral fractures, with their 95% confidence intervals.

Data analysis

Single RRs were pooled to estimate a RR of fracture within a meta-analysis procedure using the inverse variance approach. Heterogeneity analysis was also performed with Cochran's Q-test and I 2 value. RevMan software was used and p-value less than 5% was defined as significant. The heterogeneity was considered as low if I²< 25%, moderate if I² was between 25 and 50%, and high if I² > 50%. The risk of bias was calculated by using the Newcastle-Ottawa scale [START_REF] Wells | The Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized studies in meta-analyses[END_REF].

Results

Literature Search

The flow for the selection is shown in figure 1. The systematic review of studies database searches identified 1314 records. After removing 490 duplicates, 751 articles were excluded based on their title. From the remaining 73 records, 58 were excluded after reading the abstract :19 were not clearly relevant or had unsuitable data for analysis, 27

were not cohort studies, 6 included secondary Parkinsonism, Alzheimer disease or strokes, 4 were not in English or in French and 2 were retracted. Out of the remaining 15 articles, 3 were excluded after reading the full text as the results were not expressed in HR or had no control group, one that included secondary Parkinsonism and one based on an estimated number of people with PD using a crude prevalence from 2 previous studies [START_REF] Genever | Fracture rates in Parkinson's disease compared with age-and gender-matched controls: a retrospective cohort study[END_REF][START_REF] Fullard | Sex disparities in health and health care utilization after Parkinson diagnosis: Rethinking PD associated disability[END_REF][START_REF] Park | Risk Factors for Vertebral, Hip, and Femoral Fractures Among Patients With Parkinson's Disease: A 5-Year Follow-up in Korea[END_REF][START_REF] Walker | Hip fractures in people with idiopathic Parkinson's disease: incidence and outcomes[END_REF][START_REF] Johnell | Fracture risk in patients with parkinsonism: a population-based study in Olmsted County, Minnesota[END_REF]. We included 2 studies from the manual search and finally a total of 12 cohort studies were included for the meta-analysis [START_REF] Taylor | Longterm prediction of incident hip fracture risk in elderly white women: study of osteoporotic fractures[END_REF][START_REF] Melton | Fracture risk after the diagnosis of Parkinson's disease: Influence of concomitant dementia[END_REF][START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Chen | Parkinson's disease and risk of hip fracture: an 8-year follow-up study in Taiwan[END_REF][START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF][START_REF] Benzinger | Risk for femoral fractures in Parkinson's disease patients with and without severe functional impairment[END_REF][START_REF] Huang | Risk and adverse outcomes of fractures in patients with Parkinson's disease: two nationwide studies[END_REF][START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF][START_REF] Lee | Parkinson's disease and the risk of osteoporotic vertebral compression fracture: a nationwide population-based study[END_REF].

Study characteristics

Table 1 summarizes the main characteristics of the 12 cohort studies included in the analysis: 6 studies were prospective and 6 retrospectives. The study population ranged from 52 to 860 388 participants, with a total of 1,246,431 participants (60,226 PD and 1,186,205 controls). Three studies included only women [START_REF] Taylor | Longterm prediction of incident hip fracture risk in elderly white women: study of osteoporotic fractures[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF]] and 1 only men [START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF].

For the others, there was a slight male dominance near to one, except for two studies with a majority of women [START_REF] Benzinger | Risk for femoral fractures in Parkinson's disease patients with and without severe functional impairment[END_REF][START_REF] Lee | Parkinson's disease and the risk of osteoporotic vertebral compression fracture: a nationwide population-based study[END_REF]. Out of the 12 studies, 6 were conducted in the US, 1 in Germany, 1 in UK, 1 in Australia, 1 in Korea and 2 in Taiwan. Nine studies calculated the RR for hip fractures [START_REF] Taylor | Longterm prediction of incident hip fracture risk in elderly white women: study of osteoporotic fractures[END_REF][START_REF] Melton | Fracture risk after the diagnosis of Parkinson's disease: Influence of concomitant dementia[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Chen | Parkinson's disease and risk of hip fracture: an 8-year follow-up study in Taiwan[END_REF][START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Benzinger | Risk for femoral fractures in Parkinson's disease patients with and without severe functional impairment[END_REF][START_REF] Huang | Risk and adverse outcomes of fractures in patients with Parkinson's disease: two nationwide studies[END_REF][START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF], 4 the RR for vertebral fractures [START_REF] Melton | Fracture risk after the diagnosis of Parkinson's disease: Influence of concomitant dementia[END_REF][START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF][START_REF] Lee | Parkinson's disease and the risk of osteoporotic vertebral compression fracture: a nationwide population-based study[END_REF] and 8 included other sites [START_REF] Melton | Fracture risk after the diagnosis of Parkinson's disease: Influence of concomitant dementia[END_REF][START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF][START_REF] Huang | Risk and adverse outcomes of fractures in patients with Parkinson's disease: two nationwide studies[END_REF][START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF]. Five studies were based on national insurance records [START_REF] Chen | Parkinson's disease and risk of hip fracture: an 8-year follow-up study in Taiwan[END_REF][START_REF] Benzinger | Risk for femoral fractures in Parkinson's disease patients with and without severe functional impairment[END_REF][START_REF] Huang | Risk and adverse outcomes of fractures in patients with Parkinson's disease: two nationwide studies[END_REF][START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF][START_REF] Lee | Parkinson's disease and the risk of osteoporotic vertebral compression fracture: a nationwide population-based study[END_REF], 5 on inpatients' records [START_REF] Melton | Fracture risk after the diagnosis of Parkinson's disease: Influence of concomitant dementia[END_REF][START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF] and 2 on selfreported data [START_REF] Taylor | Longterm prediction of incident hip fracture risk in elderly white women: study of osteoporotic fractures[END_REF][START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF]. The follow-up ranged from 1 to 13 years.

Main analysis

Figure 2 shows a forest plot presenting the individual and overall RR of fractures all sites combined. The meta-analysis of all included studies suggests a significant increase of global fracture risk in PD patient compared to those without PD (overall RR 2.17, 95% CI 1.81-2.59). However, there is substantial heterogeneity between the studies (I²= 94%). If we take into account only the 6 studies that specifically report a global risk of fracture, the result of the meta-analysis remains similar (RR 2.06, 95% CI 1.64-2.58; I² 95%) [START_REF] Melton | Fracture risk after the diagnosis of Parkinson's disease: Influence of concomitant dementia[END_REF][START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF][START_REF] Huang | Risk and adverse outcomes of fractures in patients with Parkinson's disease: two nationwide studies[END_REF][START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF].

Subgroup and sensitivity analysis

Vertebral fractures

The individual and overall RR of vertebral fractures is presented in figure 3. The metaanalysis of the 4 included studies suggests an increased risk of vertebral fracture in PD patients compared to controls (RR 1.84, 95% CI (1.46-2.59]. However, the heterogeneity of the studies is high (I²= 53%).

Hip fractures

The individual and overall RR of hip fractures is presented in figure 4, showing a significant increase of hip fractures in PD patients (overall RR 2.55, 95% CI (2.20-2.97)). The heterogeneity is high across the studies (I²=68%). As one study enrolled exclusively fallers, we carried out a sensitivity analysis of hip fractures excluding this study (figure 5) [START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF]. It confirms a very significant increase of hip fracture in PD patients (overall RR 2.69, 95% CI 2.45-2.97) with no heterogeneity between the studies (I² = 0%).

Publication Bias

Table 2 assesses the quality of the studies included in the meta-analysis, using the Newcastle Ottawa Scale (NOS) for cohort studies [START_REF] Wells | The Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized studies in meta-analyses[END_REF]. Studies included in this metaanalysis were of moderate or high quality, all scoring higher or equal to 4 out of 9 stars.

Most studies scored poorly for the item "adequacy of follow-up", due to a lack of information given in the study report. Five studies scored poorly for the item "representativeness of the exposed cohort", because four of them [START_REF] Taylor | Longterm prediction of incident hip fracture risk in elderly white women: study of osteoporotic fractures[END_REF][START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF] did not include both genders and one included only patients having falls [START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF]. Due to the use of self-reported assessment, four studies scored poorly for the item "ascertainment of exposure" [START_REF] Taylor | Longterm prediction of incident hip fracture risk in elderly white women: study of osteoporotic fractures[END_REF][START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF] and one for the item "outcome assessment" [START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF]. One-year followup was not long enough for outcomes to occur [START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF]. One study did not use a control group and was scored poorly for the item "comparability" [START_REF] Gregson | Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study[END_REF]. Finally, two studies scored poorly for the item "outcomes of interest not present at the start of study" due to no demonstration of it in the study report [START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF].

Discussion

On the whole, our study confirms that PD patients are exposed to a significant increased risk of any type of fracture, whether vertebral fractures or hip fractures. These results are consistent with previous systematic reviews and meta-analyses, although some differences in methodology and scope of the previous meta-analysis may account for some slight variations in the magnitude of the increase in fracture risk [START_REF] Tan | Parkinson's disease and risk of fracture: a meta-analysis of prospective cohort studies[END_REF][START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF][START_REF] Hosseinzadeh | Parkinson's disease and risk of hip fracture: systematic review and meta-analysis[END_REF]. Indeed, in our meta-analysis, the global risk of fracture appears to be twice as high in PD subjects (RR 2.17), slightly lower than in the previously meta-analysis of Tan et al. (RR=2.66) who selected exclusively prospective cohort studies (Figure 2) [START_REF] Tan | Parkinson's disease and risk of fracture: a meta-analysis of prospective cohort studies[END_REF]. These findings deserve attention as the main risk factor of sustaining a fracture is a previous one, but also because the role of "imminent" fracture appears to be crucial with a dramatic short-term increased risk within the 2 years following vertebral or non-vertebral fracture [START_REF] Roux | Imminent fracture risk[END_REF]. This "imminent risk" has been shown in frail osteoporotic subjects with central nervous system diseases or drugs targeting central nervous system [START_REF] Roux | Imminent fracture risk[END_REF]. So, PD patients with a recent OP fracture have an imminent risk of new fractures and should be identified in priority in order to receive an immediate treatment [START_REF] Roux | Imminent fracture risk[END_REF]. Prompt management is important since, in addition to the increased mortality associated with severe fractures, the costs of care in patients with PD and fall-related fractures are high and affect health economics [START_REF] Verboket | Inpatient treatment costs, cost-driving factors and potential reimbursement problems due to fall-related fractures in patients with Parkinson's disease[END_REF].

Among fractures in PD patients, the increased risk of hip fracture is the highest and the most significant one. We found a RR of hip fracture of 2.69 in PD patients, without any heterogeneity after excluding one study which included exclusively fallers, in agreement with previous studies that report a RR ranging from 2.40 to 3.14 (Figure 4) [START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF][START_REF] Hosseinzadeh | Parkinson's disease and risk of hip fracture: systematic review and meta-analysis[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF]. This finding is important as hip fractures are characterized by their severity related to loss of autonomy, increased mortality, predictive of new OP fractures and high direct and indirect costs, as underlined in the report of the International Osteoporosis Foundation [START_REF]IOF Report_EU[END_REF].

Moreover, it has been shown that a hip fracture in PD patients is associated with a six times higher mortality-rate, longer hospital stays, worse mobility and increased institutionalization [START_REF] Coomber | Hip fractures and Parkinson's disease: A case series[END_REF][START_REF] Kilci | Postoperative Mortality after Hip Fracture Surgery: A 3 Years Follow Up[END_REF].

Previous meta-analysis had not addressed the risk of vertebral fracture as vertebral fractures are poorly recorded and their identification requires radiographs [START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF]. Indeed, vertebral fractures can occur spontaneously without fall, induce no or non-specific clinical symptoms and approximately two-thirds of vertebral fractures do not raise clinical attention [START_REF] Kendler | Vertebral Fractures: Clinical Importance and Management[END_REF]. However, vertebral fractures are the most common type of OP fracture [START_REF] Kendler | Vertebral Fractures: Clinical Importance and Management[END_REF]. They could be suspected on simple strategies, such as monitoring a patient's height loss :

height loss ≥ 4 cm compared to historical height (at 20 years of age) or loss of height ≥ 2 cm as established prospectively during follow-up when followed over 1-3 years is highly predictive of an underlying vertebral fracture [START_REF] Rosen | The Official Positions of the International Society for Clinical Densitometry: vertebral fracture assessment[END_REF]. The identification of vertebral fractures is important because they are robust predictors of future fractures, even in the absence of symptoms [START_REF] Black | Prevalent vertebral deformities predict hip fractures and new vertebral deformities but not wrist fractures. Study of Osteoporotic Fractures Research Group[END_REF]. Thus, while aware of these limitations and a probable underestimation of vertebral fractures risk, we thought it worth analyzing the risk of vertebral fractures in PD.

In the 4 studies selected for meta-analysis, the RR of vertebral fractures ranged from 1.5 to 3.17 depending on the method used to identify these fractures [START_REF] Melton | Fracture risk after the diagnosis of Parkinson's disease: Influence of concomitant dementia[END_REF][START_REF] Pouwels | Risk of fracture in patients with Parkinson's disease[END_REF][START_REF] Kalilani | Comparing the Incidence of Falls/Fractures in Parkinson's Disease Patients in the US Population[END_REF][START_REF] Lee | Parkinson's disease and the risk of osteoporotic vertebral compression fracture: a nationwide population-based study[END_REF]. Our results suggest that PD patients are nearly twice as likely to experience a vertebral fracture (RR=1.84) as controls (Figure 3).One should be aware of the fact that PD patients have an increased risk of vertebral fractures as these fractures can lead to chronic back pain, increased fear of falling and are associated with substantial morbidity and decreased survival and are predictive of new OP fractures as well [START_REF] Kendler | Vertebral Fractures: Clinical Importance and Management[END_REF][START_REF] Rosen | The Official Positions of the International Society for Clinical Densitometry: vertebral fracture assessment[END_REF].

In the general population, women are at greater risk of OP than men [START_REF] Liu | State of the art in osteoporosis risk assessment and treatment[END_REF]. Regarding PD, a non-spine, non-hip fracture affected 22% of PD women in the female cohort of Schneider et al. during an average follow-up of 9 years, and 15.2% of PD men in the male cohort of Fink et al. during an average follow-up of 5.1 years [START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF]. The over-risk of fracture due to PD does not appear to be clearly predominant in one sex, as previous meta-analyses report either the same fracture risk for both sexes, a higher risk for women or a higher risk for men, interpreted for the latest as being due in part to a lower fracture rate and a lower relative risk denominator for men without PD than for women [START_REF] Tan | Parkinson's disease and risk of fracture: a meta-analysis of prospective cohort studies[END_REF][START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF][START_REF] Hosseinzadeh | Parkinson's disease and risk of hip fracture: systematic review and meta-analysis[END_REF].

These conflicting results may reflect the heterogeneity of the populations observed.

Anyway, the key point is that PD is associated with an increased risk of fracture in both men and women compare to subjects without PD [START_REF] Tan | Parkinson's disease and risk of fracture: a meta-analysis of prospective cohort studies[END_REF][START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF][START_REF] Hosseinzadeh | Parkinson's disease and risk of hip fracture: systematic review and meta-analysis[END_REF]. In the two studies that included exclusively women and the only study that included exclusively men, the increased risk of hip fracture appears to be comparable in both sexes (respectively HR 2.52, 2.6 ad 2.4)

and in the study that only enrolled fallers, males accounted for the greatest proportion of PD-related fall admission but the RR of all fractures and hip fracture remains nearly unchanged after the age and sex-adjusted rate ratio [START_REF] Taylor | Longterm prediction of incident hip fracture risk in elderly white women: study of osteoporotic fractures[END_REF][START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Paul | Fall-related hospitalization in people with Parkinson's disease[END_REF].

Falls play a major role in the occurrence of OP fractures, as they trigger most of them. In PD falls are the first cause of emergency hospitalization and 60% of people with PD fall each year [START_REF] Kim | Parkinson disease[END_REF][START_REF] Woodford | Emergency hospital admissions in idiopathic Parkinson's disease[END_REF]. Beside falls, PD is associated with low BMD, accelerated bone loss and BMD is negatively correlated to the severity of PD [START_REF] Fink | Association of Parkinson's disease with accelerated bone loss, fractures and mortality in older men: the Osteoporotic Fractures in Men (MrOS) study[END_REF][START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF][START_REF] Lee | Parkinson's disease and the risk of osteoporotic vertebral compression fracture: a nationwide population-based study[END_REF][START_REF] Torsney | Bone health in Parkinson's disease: a systematic review and meta-analysis[END_REF][START_REF] Zhao | Osteoporosis risk and bone mineral density levels in patients with Parkinson's disease: a meta-analysis[END_REF][START_REF] Lorefält | Bone mass in elderly patients with Parkinson's disease[END_REF][START_REF] Gao | Lower Bone Mineral Density in Patients with Parkinson's Disease: A Cross-Sectional Study from Chinese Mainland[END_REF]. The pathophysiology of OP in PD involved many factors but is yet partly misunderstood as reported in two reviews [START_REF] Malochet-Guinamand | Parkinson's disease: A risk factor for osteoporosis[END_REF][START_REF] Figueroa | Parkinson's disease and osteoporosis: basic and clinical implications[END_REF]. Among them, weight and body mass indexes strongly correlate with BMD and PD patients often experience weight loss, with a relationship between nutritional status and motor and non-motor functions, disease duration and severity of the disease [START_REF] Malochet-Guinamand | Parkinson's disease: A risk factor for osteoporosis[END_REF][START_REF] Chen | Weight loss in Parkinson's disease[END_REF][START_REF] Ongun | Does nutritional status affect Parkinson's Disease features and quality of life?[END_REF]. In the study of Schneider JL et al., body weight accounted for 72% of the decrease of BMD in PD subjects compared to controls [START_REF] Schneider | Study of Osteoporotic Fractures (SOF) Research Group. The association of Parkinson's disease with bone mineral density and fracture in older women[END_REF].

Sarcopenia, frequently observed in PD, may also contribute to bone loss, by increasing risk of falls and sclerostin levels, a potent inhibitor of bone formation whose secretion is inhibited by loading exercises [START_REF] Figueroa | Parkinson's disease and osteoporosis: basic and clinical implications[END_REF]. Vitamin D deficiency is a risk factor common to OP and PD. Vitamin D is known for its role in regulating calcium homeostasis and metabolism and a high prevalence of vitamin D deficiency is associated with OP in PD in cross sectional studies, consequence of limited UV light exposure and malnutrition [START_REF] Figueroa | Parkinson's disease and osteoporosis: basic and clinical implications[END_REF][START_REF] Ding | Unrecognized vitamin D3 deficiency is common in Parkinson disease: Harvard Biomarker Study[END_REF][START_REF] Wang | Vitamin D from different sources is inversely associated with Parkinson disease[END_REF]. Vitamin D Receptor (VDR) and 1α-hydroxylase, the enzyme that converts vitamin D to its active form, are highly expressed in the substantia nigra, leading to the hypothesis that inadequate levels of circulating vitamin D may lead to dysfunction or cell death within the substantia nigra [START_REF] Fullard | A Review of the Relationship Between Vitamin D and Parkinson Disease Symptoms[END_REF]. Based on these findings, many studies have been performed on the association between vitamin D levels and PD: two meta-analysis, including mainly case-control studies, suggest that vitamin D insufficiency or deficiency induces a 1.5 to 2.5-fold increased risk of PD, but two prospective studies on the association between mid-life vitamin D levels and risk of PD and produced conflicting results [START_REF] Fullard | A Review of the Relationship Between Vitamin D and Parkinson Disease Symptoms[END_REF][START_REF] Lv | Vitamin D status and Parkinson's disease: a systematic review and meta-analysis[END_REF][START_REF] Zhou | The Association Between Vitamin D Status, Vitamin D Supplementation, Sunlight Exposure, and Parkinson's Disease: A Systematic Review and Meta-Analysis[END_REF]. However, the inverse association between serum vitamin D level and motor symptom severity in crosssectional studies is consistent and fall risk has been associated with vitamin D in PD [START_REF] Fullard | A Review of the Relationship Between Vitamin D and Parkinson Disease Symptoms[END_REF].

Based on these data, an evaluation of bone status in PD subjects should be proposed including, BMD assessment, search of previous fragility fractures, evaluation of calcium intake and blood test dosing vitamin D levels [START_REF] Compston | Osteoporosis[END_REF]. If necessary, deficiencies should be corrected by ensuring a total daily intake of calcium of 800-1200 mg and a serum 25hydroxyvitamin D of at least 50 nmol/L [START_REF] Compston | Osteoporosis[END_REF][START_REF] Henderson | Management of fracture risk in Parkinson's: A revised algorithm and focused review of treatments[END_REF]. The prevention of falls is crucial, including optimization of PD treatment, environmental management, footwear, and rehabilitation [START_REF] Compston | Osteoporosis[END_REF][START_REF] Mühlenfeld | Fractures in Parkinson's Disease: injury patterns, hospitalization, and therapeutic aspects[END_REF]. The indication for a specific treatment of OP is based on the presence and type of previous fragility fracture (severe OP fracture) and, in the absence of fracture, on BMD and other risk factors used for FRAX tool, an algorithm that calculates a person's probability of sustaining hip fracture and major OP fracture over the next 10 years [START_REF] Black | Once-yearly zoledronic acid for treatment of postmenopausal osteoporosis[END_REF]. Recently, Henderson EJ et al. has proposed an algorithm, BONE-PARK, for fracture risk assessment and bone health management in outpatients with PD, that include PD in the secondary OP in the calculation of FRAX [START_REF] Henderson | Management of fracture risk in Parkinson's: A revised algorithm and focused review of treatments[END_REF]. Specific therapies for OP decrease the risk of vertebral and non-vertebral fracture [START_REF] Compston | Osteoporosis[END_REF]. Among them, zoledronic acid, the most potent bisphosphonate, displays several advantages: it reduces vertebral fractures by 70% and hip fractures by 40%, significantly decreases mortality after hip fracture and is intravenously administered once a year at home in 15 minutes, an advantage for elderly patients with polypharmacy and gastrointestinal dysfunction [START_REF] Compston | Osteoporosis[END_REF][START_REF] Black | Once-yearly zoledronic acid for treatment of postmenopausal osteoporosis[END_REF][START_REF] Lyles | Zoledronic acid and clinical fractures and mortality after hip fracture[END_REF]. PD patients with severe OP fracture should receive specific treatment against OP, as soon as possible to prevent imminent fracture risk [START_REF] Compston | Osteoporosis[END_REF][START_REF] Roux | Imminent fracture risk[END_REF]. There is no specific study addressing the efficacy of OP therapy in PD patients. However, there is a new trial, TOPAZ (NCT034) ongoing, testing the efficacy of zoledronic acid administered at home once a year for two years in PD patients without any extra-medical visit or BMD testing to prevent OP fractures [START_REF] Figueroa | Parkinson's disease and osteoporosis: basic and clinical implications[END_REF].

There are several limitations in our study. We restricted our search to English and French and thus did not consider studies in other languages, but we would not have been able to accurately assess full text in another language. We included only primary PD to ensure the homogeneity of the results while the very recent meta-analysis of Schini M. et al. included secondary PD [START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF]. Indeed, parkinsonism corresponds to a wide range of etiologies, with variable response to dopaminergic treatments and the inclusion criteria depended on the studies [START_REF] Höllerhage | Secondary parkinsonism due to drugs, vascular lesions, tumors, trauma, and other insults[END_REF]. However, our results are consistent with Schini's results [START_REF] Schini | The risk of hip and non-vertebral fractures in patients with Parkinson's disease and parkinsonism: A systematic review and meta-analysis[END_REF]. We choose to include vertebral fractures although diagnosis is underestimated and the criteria to diagnose vertebral fracture in the included studies could be challenged.

Indeed, in the analysis of vertebral fractures, the heterogeneity was moderate (I 2 = 53%) as vertebral fracture identification criteria were highly variable from one study to another and one study included only compressive fractures [START_REF] Lee | Parkinson's disease and the risk of osteoporotic vertebral compression fracture: a nationwide population-based study[END_REF]. However, despite these limitations and a probable underestimation, vertebral fractures appear more frequent in PD.

Conclusion

Our study confirms that PD patients have a greater risk of OP fractures, especially hip fracture recognized as a severe fracture associated with increased morbidity and mortality that require specific treatment. Numerous factors contribute to this increased risk in PD, although the pathophysiology is still not fully understood. The assessment of fracture risk remains a challenge in PD, as there are multiple motor and non-motor symptoms competing for attention in these frail patients. We suggest that assessment of fracture risk should be included in guidelines for PD patients care.
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Figure 1: Flowchart for the study selection process Full-text manuscripts remained for further evaluation n=15
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 2 Figure 2: Forest plot of the association between Parkinson's disease and the risk of fracture all sites combined. Single Rate Ratios (RR) were pooled to estimate an overall RR of fracture, using the inverse variance approach. The squares and the horizontal lines respectively represent the RR and 95% Confidence Intervals (CI) of each individual study. The black diamond represents the pooled RR.
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 3 Figure 3: Forest plot of the association between Parkinson's disease and the risk of vertebral fracture. Single Rate Ratios (RR) were pooled to estimate an overall RR of fracture, using the inverse variance approach. The squares and the horizontal lines respectively represent the RR and 95% Confidence Intervals (CI) of each individual study. The black diamond represents the pooled RR.
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 4 Figure 4: Forest plot of the association between Parkinson's disease and the risk of hip fracture. Single Rate Ratios (RR) were pooled to estimate an overall RR of fracture, using the inverse variance approach. The squares and the horizontal lines respectively represent the RR and 95% Confidence Intervals (CI) of each individual study. The black diamond represents the pooled RR.
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 5 Figure 5: Forest plot of the sensitivity analysis of the association between Parkinson's disease and the risk of hip fracture. Single Rate Ratios (RR) were pooled to estimate an overall RR of fracture, using the inverse variance approach. The squares and the horizontal lines respectively represent the RR and 95% Confidence Intervals (CI) of each individual study. The black diamond represents the pooled RR.
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Table 1 -Summary of included studies examining the association between Parkinson's disease and the risk of fractures.

Study Study design

Study location

Ratio of males (%) Age (Y) Total cases / total controls

Follow up (Y)

Outcomes assessment 

Site of fractures

Adjustment for confounders