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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 [1,2].

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 [2]. OP is a multifactorial disease including aging, gonadal insufficiency
and vitamin D deficiency [2,3]. 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
[4]. 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 [5].
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 [4,6,7]. OP can be revealed by its
complication, fragility fractures, but could be diagnosed earlier based on BMD results
[2,6,7]. 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 [8].

PD is the commonest neurodegenerative disorder after Alzheimer's disease,
characterized by rigidity, tremor while rest, bradykinesia, postural instability and others non
motors symptoms [1]. PD is recognized as a major public health problem because of its
high prevalence and the disabilities and deaths related to this condition [1,9]. 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 [10]. 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



[11,12].

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 [13]. 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
[14,15]. 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
and fractures. The search terms were ((((((((((osteoporo*) OR bone fragility) OR BMD) OR
"Fractures, Bone"[Mesh]) OR fracture) OR "Bone Density"[Mesh]) OR
"Osteoporosis"[Mesh])) OR bone density)) AND (("Parkinson Disease"[Mesh]) OR
parkinson). 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

2
Cochran's Q-test and | value. RevMan software was used and p-value less than 5% was

defined as significant. The heterogeneity was considered as low if I°< 25%, moderate if I2
was between 25 and 50%, and high if 12 > 50%. The risk of bias was calculated by using

the Newcastle-Ottawa scale [16].

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
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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
[17-21]. We included 2 studies from the manual search and finally a total of 12 cohort

studies were included for the meta-analysis [22—-33].

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 [22,25,28] and 1 only men [24].
For the others, there was a slight male dominance near to one, except for two studies with
a majority of women [29,33]. 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 [22,23,25-27,29-32], 4 the RR for vertebral fractures [23,27,31,33]
and 8 included other sites [23-25,27,28,30-32]. Five studies were based on national
insurance records [26,29-31,33], 5 on inpatients’ records [23-25,27,32] and 2 on self-

reported data [22,28]. 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 (1= 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% CIl 1.64-2.58; 12 95%)

[23,27,28,30-32].

Subgroup and sensitivity analysis

Vertebral fractures

The individual and overall RR of vertebral fractures is presented in figure 3. The meta-
analysis 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 (2= 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 (I°=68%). As one study enrolled exclusively
fallers, we carried out a sensitivity analysis of hip fractures excluding this study (figure 5)
[32]. It confirms a very significant increase of hip fracture in PD patients (overall RR 2.69,

95% Cl 2.45-2.97) with no heterogeneity between the studies (12 = 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 [16]. Studies included in this meta-
analysis 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 [22,24,25,28] did not



include both genders and one included only patients having falls [32]. Due to the use of
self-reported assessment, four studies scored poorly for the item “ascertainment of
exposure” [22,24,25,28] and one for the item “outcome assessment” [28]. One-year follow-
up was not long enough for outcomes to occur [31]. One study did not use a control group
and was scored poorly for the item “comparability” [28]. 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 [27,32].

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 [13—15]. 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) [13]. 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 [34]. This
“imminent risk” has been shown in frail osteoporotic subjects with central nervous system
diseases or drugs targeting central nervous system [34]. 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 [34]. 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 [35].



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) [14,15,32]. 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 [36].
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 [37,38].

Previous meta-analysis had not addressed the risk of vertebral fracture as vertebral
fractures are poorly recorded and their identification requires radiographs [14]. 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
[39]. However, vertebral fractures are the most common type of OP fracture [39]. 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 [40]. The identification of vertebral fractures is
important because they are robust predictors of future fractures, even in the absence of
symptoms [41]. 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 [23,27,31,33]. 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 [39,40].

In the general population, women are at greater risk of OP than men [4]. 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 [24,25]. 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 [13-15].
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 [13—-15]. 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 [22,24,25,32].

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 [1,42]. Beside falls, PD is associated with low BMD, accelerated bone
loss and BMD is negatively correlated to the severity of PD [24,25,33,43—46]. The
pathophysiology of OP in PD involved many factors but is yet partly misunderstood as
reported in two reviews [11,12]. 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 [11,47,48]. In the study of Schneider JL et al., body weight
accounted for 72% of the decrease of BMD in PD subjects compared to controls [25].
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 [12]. 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 [12,49,50]. Vitamin D
Receptor (VDR) and 1a-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 [51]. 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 [51-53]. However, the
inverse association between serum vitamin D level and motor symptom severity in cross-
sectional studies is consistent and fall risk has been associated with vitamin D in PD [51].
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 [2]. If necessary, deficiencies should
be corrected by ensuring a total daily intake of calcium of 800—1200 mg and a serum 25-
hydroxyvitamin D of at least 50 nmol/L [2,54]. The prevention of falls is crucial, including
optimization of PD treatment, environmental management, footwear, and rehabilitation

[2,55]. 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 [56]. 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 [54]. Specific therapies for OP decrease the risk of vertebral
and non-vertebral fracture [2]. 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 [2,56,57]. PD patients with
severe OP fracture should receive specific treatment against OP, as soon as possible to
prevent imminent fracture risk [2,34]. 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 [12].
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 [14]. Indeed, parkinsonism corresponds to a wide range of
etiologies, with variable response to dopaminergic treatments and the inclusion criteria
depended on the studies [58]. However, our results are consistent with Schini’s results
[14]. We choose to include vertebral fractures although diagnosis is underestimated and

the criteria to diagnose vertebral fracture in the included studies could be challenged.

2
Indeed, in the analysis of vertebral fractures, the heterogeneity was moderate (I = 53%)
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as vertebral fracture identification criteria were highly variable from one study to another
and one study included only compressive fractures [33]. 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.

11



References

1.

10.

1.

12.

13.

14.

15.

Kim SD, Allen NE, Canning CG, Fung VSC. Parkinson disease. Handb Clin Neurol.
2018;159: 1731193.

Compston JE, McClung MR, Leslie WD. Osteoporosis. The Lancet. 2019; 393:364-76.

Drake MT, Clarke BL, Lewiecki EM. The Pathophysiology and Treatment of
Osteoporosis. Clin Ther. 2015;37:1837-50.

Liu J, Curtis EM, Cooper C, Harvey NC. State of the art in osteoporosis risk
assessment and treatment. J Endocrinol Invest. 2019;42:1149-64.

Sattui SE, Saag KG. Fracture mortality: associations with epidemiology and
osteoporosis treatment. Nat Rev Endocrinol. 2014;10:592-602.

Kanis JA, Cooper C, Rizzoli R, Reginster J-Y, 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. Calcif Tissue Int. 2019;104:235-8.

Lorentzon M, Cummings SR. Osteoporosis: the evolution of a diagnosis. J Intern Med.
2015;277:650-61.

Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living
in the community. N Engl J Med.1988;319:1701-7.

Draoui A, El Hiba O, Aimrane A, El Khiat A, Gamrani H. Parkinson’s disease: From
bench to bedside. Rev Neurol (Paris). 9 janv 2020; DOI 10.1016/j.neurol.2019.11.002

Blin P, Dureau-Pournin C, Foubert-Samier A, Grolleau A, Corbillon E, Jové J, et al.
Parkinson’s disease incidence and prevalence assessment in France using the
national healthcare insurance database. Eur J Neurol.;22:464-71.

Malochet-Guinamand S, Durif F, Thomas T. Parkinson’s disease: A risk factor for
osteoporosis. Joint Bone Spine. 2015;82:406-10.

Figueroa CA, Rosen CJ. Parkinson’s disease and osteoporosis: basic and clinical
implications.  Expert Rev Endocrinol Metab. 26 avr 2020;1-9. DOI
10.1080/17446651.2020.1756772

Tan L, Wang Y, Zhou L, Shi Y, Zhang F, Liu L, et al. Parkinson’s disease and risk of
fracture: a meta-analysis of prospective cohort studies. PloS One. 2014;9:€94379.

Schini M, Vilaca T, Poku E, Harnan S, Sutton A, Allen IE, et al. The risk of hip and
non-vertebral fractures in patients with Parkinson’s disease and parkinsonism: A
systematic review and meta-analysis. Bone. 2020;132:115173.

Hosseinzadeh A, Khalili M, Sedighi B, Iranpour S, Haghdoost AA. Parkinson’s
disease and risk of hip fracture: systematic review and meta-analysis. Acta Neurol
Belg. 2018;118:201-10.

12



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized studies in
meta-analyses, 2012. Available from:
http://wwwohrica/programs/clinical_epidemiology/oxfordasp.

Genever RW, Downes TW, Medcalf P. Fracture rates in Parkinson’s disease
compared with age- and gender-matched controls: a retrospective cohort study. Age
Ageing. 2005;34:21-4.

Fullard ME, Thibault DP, Todaro V, Foster S, Katz L, Morgan R, et al. Sex disparities
in health and health care utilization after Parkinson diagnosis: Rethinking PD
associated disability. Parkinsonism Relat Disord. 2018;48:45-50.

Park SB, Chung CK, Lee J-Y, Lee JY, Kim J. Risk Factors for Vertebral, Hip, and
Femoral Fractures Among Patients With Parkinson’s Disease: A 5-Year Follow-up in
Korea. J Am Med Dir Assoc. 2019;20:617-23.

Walker RW, Chaplin A, Hancock RL, Rutherford R, Gray WK. Hip fractures in
people with idiopathic Parkinson’s disease: incidence and outcomes. Mov Disord Off J
Mov Disord Soc. 2013;28:334-40.

Johnell O, Melton LJ, Atkinson EJ, O’Fallon WM, Kurland LT. Fracture risk in
patients with parkinsonism: a population-based study in Olmsted County, Minnesota.
Age Ageing. 1992;21:32-8.

Taylor BC, Schreiner PJ, Stone KL, Fink HA, Cummings SR, Nevitt MC, et al. Long-
term prediction of incident hip fracture risk in elderly white women: study of
osteoporotic fractures. J Am Geriatr Soc. 2004;52:1479-86.

Melton LJ, Leibson CL, Achenbach SJ, Bower JH, Maraganore DM, Oberg AL, et al.
Fracture risk after the diagnosis of Parkinson’s disease: Influence of concomitant
dementia. Mov Disord Off J Mov Disord Soc. 2006;21:1361-7.

Fink HA, Kuskowski MA, Taylor BC, Schousboe JT, Orwoll ES, Ensrud KE, et al.
Association of Parkinson’s disease with accelerated bone loss, fractures and mortality
in older men: the Osteoporotic Fractures in Men (MrOS) study. Osteoporos Int J Establ
Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2008;19:1277-82.

Schneider JL, Fink HA, Ewing SK, Ensrud KE, Cummings SR, Study of
Osteoporotic Fractures (SOF) Research Group. The association of Parkinson’s
disease with bone mineral density and fracture in older women. Osteoporos Int J
Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2008;
19(7):1093-7.

Chen Y-Y, Cheng P-Y, Wu S-L, Lai C-H. Parkinson’s disease and risk of hip
fracture: an 8-year follow-up study in Taiwan. Parkinsonism Relat Disord.
2012;18:506-9.

Pouwels S, Bazelier MT, de Boer A, Weber WEJ, Neef C, Cooper C, et al. Risk of
fracture in patients with Parkinson’s disease. Osteoporos Int J Establ Result Coop Eur
Found Osteoporos Natl Osteoporos Found USA. 2013;24:2283-90.

Gregson CL, Dennison EM, Compston JE, Adami S, Adachi JD, Anderson FA, et al.
Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort

13



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

study. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos
Found USA. 2014;25:85-95.

Benzinger P, Rapp K, Maetzler W, Kénig H-H, Jaensch A, Klenk J, et al. Risk for
femoral fractures in Parkinson’s disease patients with and without severe functional
impairment. PloS One. 2014;9:e97073.

Huang Y-F, Cherng Y-G, Hsu SPC, Yeh C-C, Chou Y-C, Wu C-H, et al. Risk and
adverse outcomes of fractures in patients with Parkinson’s disease: two nationwide
studies. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos
Found USA. 2015;26:1723-32.

Kalilani L, Asgharnejad M, Palokangas T, Durgin T. Comparing the Incidence of
Falls/Fractures in Parkinson’s Disease Patients in the US Population. PloS One.
2016;11(9):e0161689.

Paul SS, Harvey L, Canning CG, Boufous S, Lord SR, Close JCT, et al. Fall-related
hospitalization in people with Parkinson’s disease. Eur J Neurol. 2017;24:523-9.

Lee CK, Choi SK, Shin DA, Yi S, Kim KN, Kim I, et al. Parkinson’s disease and the
risk of osteoporotic vertebral compression fracture: a nationwide population-based
study. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos
Found USA. 2018;29:1117-24.

Roux C, Briot K. Imminent fracture risk. Osteoporos Int J Establ Result Coop Eur
Found Osteoporos Natl Osteoporos Found USA. 2017;28:1765-9.

Verboket RD, Mihlenfeld N, Woschek M, Marzi |, Pieper M, Zéliner JP, et al.
[Inpatient treatment costs, cost-driving factors and potential reimbursement problems
due to fall-related fractures in patients with Parkinson’s disease]. Chir Z Alle Geb Oper
Medizen. 2020;91:421-7.

IOF Report EU.pdf [Internet]. [cité 22 avr 2020]. Disponible sur:
http://share.iofbonehealth.org/EU-6-Material/Reports/IOF%20Report_EU.pdf

Coomber R, Alshameeri Z, Masia AF, Mela F, Parker MJ. Hip fractures and
Parkinson’s disease: A case series. Injury. déc 2017;48(12):2730-5.

Kilci O, Un C, Sacan O, Gamli M, Baskan S, Baydar M, et al. Postoperative
Mortality after Hip Fracture Surgery: A 3 Years Follow Up. PloS One.
2016;11(10):e0162097.

Kendler DL, Bauer DC, Davison KS, Dian L, Hanley DA, Harris ST, et al. Vertebral
Fractures: Clinical Importance and Management. Am J Med. 2016;129:221.e1-10.

Rosen HN, Vokes TJ, Malabanan AO, Deal CL, Alele JD, Olenginski TP, et al. The
Official Positions of the International Society for Clinical Densitometry: vertebral
fracture assessment. J Clin Densitom Off J Int Soc Clin Densitom. 2013;16:482-8.

Black DM, Arden NK, Palermo L, Pearson J, Cummings SR. Prevalent vertebral
deformities predict hip fractures and new vertebral deformities but not wrist fractures.
Study of Osteoporotic Fractures Research Group. J Bone Miner Res Off J Am Soc
Bone Miner Res.1999;14:821-8.

14



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Woodford H, Walker R. Emergency hospital admissions in idiopathic Parkinson’s
disease. Mov Disord Off J Mov Disord Soc. 2005;20:1104-8.

Torsney KM, Noyce AJ, Doherty KM, Bestwick JP, Dobson R, Lees AJ. Bone health
in Parkinson’s disease: a systematic review and meta-analysis. J Neurol Neurosurg
Psychiatry. 2014;85:1159-66.

Zhao Y, Shen L, Ji H-F. Osteoporosis risk and bone mineral density levels in
patients with Parkinson’s disease: a meta-analysis. Bone. 2013;52:498-505.

Lorefalt B, Toss G, Granérus A-K. Bone mass in elderly patients with Parkinson’s
disease. Acta Neurol Scand. 2007;116:248-54.

Gao H, Wei X, Liao J, Wang R, Xu J, Liu X, et al. Lower Bone Mineral Density in
Patients with Parkinson’s Disease: A Cross-Sectional Study from Chinese Mainland.
Front Aging Neurosci. 2015;7:203.

Chen H, Zhang SM, Hernan MA, Willett WC, Ascherio A. Weight loss in Parkinson’s
disease. Ann Neurol. 2003;53:676-9.

Ongun N. Does nutritional status affect Parkinson’s Disease features and quality of
life? PloS One. 2018;13(10):e0205100.

Ding H, Dhima K, Lockhart KC, Locascio JJ, Hoesing AN, Duong K, et al.
Unrecognized vitamin D3 deficiency is common in Parkinson disease: Harvard
Biomarker Study. Neurology. 2013;81:1531-7.

Wang L, Evatt ML, Maldonado LG, Perry WR, Ritchie JC, Beecham GW, et al.
Vitamin D from different sources is inversely associated with Parkinson disease. Mov
Disord Off J Mov Disord Soc. 2015;30:560-6.

Fullard ME, Duda JE. A Review of the Relationship Between Vitamin D and
Parkinson Disease Symptoms. Front Neurol. 2020;11:454.

Lv Z, Qi H, Wang L, Fan X, Han F, Wang H, et al. Vitamin D status and Parkinson’s
disease: a systematic review and meta-analysis. Neurol Sci Off J ltal Neurol Soc ltal
Soc Clin Neurophysiol. 2014;35:1723-30.

Zhou Z, Zhou R, Zhang Z, Li K. The Association Between Vitamin D Status, Vitamin
D Supplementation, Sunlight Exposure, and Parkinson’s Disease: A Systematic
Review and Meta-Analysis. Med Sci Monit Int Med J Exp Clin Res. 2019;25:666-74.

Henderson EJ, Lyell V, Bhimjiyani A, Amin J, Kobylecki C, Gregson CL.
Management of fracture risk in Parkinson’s: A revised algorithm and focused review of
treatments. Parkinsonism Relat Disord. 2019;64:181-7.

Muhlenfeld N, Séhling N, Marzi I, Pieper M, Paule E, Reif PS, et al. Fractures in
Parkinson’s Disease: injury patterns, hospitalization, and therapeutic aspects. Eur J
Trauma Emerg Surg Off Publ Eur Trauma Soc. 2019 Oct 14; DOI: 10.1007/s00068-
019-01240-z. Online ahead of print.

Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA, et al. Once-yearly
zoledronic acid for treatment of postmenopausal osteoporosis. N Engl J Med.
2007;356:1809-22.

15



57. Lyles KW, Colén-Emeric CS, Magaziner JS, Adachi JD, Pieper CF, Mautalen C, et
al. Zoledronic acid and clinical fractures and mortality after hip fracture. N Engl J Med.
2007;357:1799-809.

58. Hobllerhage M. Secondary parkinsonism due to drugs, vascular lesions, tumors,
trauma, and other insults. Int Rev Neurobiol. 2019;149:377-418.

16



Acknowledgements: we would like to acknowledge Martine Spina, English teacher, for
proofreading. The authors thank Abbvie because this work was initiated during continuing
medical training sessions on performing meta-analyses (SMART). Abbvie did not

participate in the study design, analysis or writing or the decision to submit the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the

public, commercial, or not-for-profit sectors.

17



Figures legend

Figure 1: Flowchart for the study selection process

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 (Cl) of each individual study.
The black diamond represents the pooled RR.

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 (Cl) of each individual study.
The black diamond represents the pooled RR.

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 (Cl) of each individual study. The black diamond
represents the pooled RR.

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 (Cl) 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 Study Ratio of Age (Y) Total cases/ Follow up Outcomes Site of Adjustment for
design location males (%) total controls (Y) assessment | fractures confounders
Lee Retrospective Korea 40.8 > 60 3,370/ 16,850 9 National records vertebral Age, gender
(2018) [33] | cohort
Paul Retrospective Australia PD: 51% > 65 5,045 /201,562 8.5 Inpatient records  Hip, any site  Age, gender
(2017) [32] | cohort Controls: 33.3%
Kalilani, Retrospective ' US 53.3 >40 28,275 / 28,275 1 National insurance | Hip, vertebral, age, gender, region of
(2016) [31] |cohort records any site residence, and duration of
enroliment.
Huang Retrospective Taiwan 55.4 > 40 1,423 /5,692 8 National insurance | Hip, any site gender,, urbanization, low
(2015) [30] cohort records income, coexisting medical
conditions, and medication
use
Benzinger Retrospective Germany PD: 37.3% >65 12,391 / 860,388 4.5 National insurance | Hip functional impairment and
(2014) [29] | cohort Controls: 36.7% records gender
Gregson Prospective us, 0 > 55 2,945/43,832 3 Self-reported Any site Non available
(2014) [28] | cohort Europe,
Canada
Pouwels Retrospective UK 57.7 > 40 4,687 / 4,687 4 Inpatient records Hip, vertebral, Age, gender
(2013) [27] | cohort any site
Chen Prospective Taiwan 49 68.6 394 / 3,940 8 National insurance | Hip Age, gender, state of
(2012) [26] | cohort (mean) records comorbidities
Schneider, Prospective us 0 > 65 850/ 8,105 Non-hip, non- | Inpatient records Hip, non-hip | Age
(2008) [25] |cohort spine fractures: non vertebral
8
Hip fractures: 9
Fink Prospective us 100 >65 46/ 5,891 PD: 41 Inpatient records Non vertebral | Age
(2008) [24] | cohort Controls: 5.1
Melton Prospective us 61 71 196/ 196 13 Inpatient and Hip, vertebral, Non available
(2006) [23] | cohort (median) outpatient records | any site
Taylor Prospective us 0 73.3 604 /6,787 8.9 self-reported and | Hip Age
(2004) [22] |cohort (mean) radiological review




Table 2 - Quality of cohorts included in the meta-analysis : The Newcastle Ottawa Scale [16]

Study Selection Comparability Outcomes Total
Representativeness | Selection of | Ascertainment Outcomes Control for Outcome Follow- | Adequacy | scores
of the exposed the of exposure of interest important factor | assessment | up long @ of follow
cohort unexposed not present or additional enough up of
cohort at start of factor cohorts
study

Lee (2018) [33] * * * * *% * * i} 8
Paul (2017) [32] - * * . *x * * : 6
Kalilani (2016) [31] * * * * >k * : * 8
Huang (2015) [30] * * * * o * * * 9
Benzinger (2014) * * * * > * * : 8
[29]

Gregson (2014) - * - * - - * * 4
[28]

Pouwels (2013) * * * . >k * * N v
[27]

Chen (2012) [26] * * * * *% * * ) 8
Schneider (2008) - * - * > * * _ 6
[25]

Fink (2008) [24] - * - * > * * * 7
Melton (2006) [23] * * * * > * * : 8
Taylor (2004) [22] - * - * >k * * ) 6





