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Introduction: Drug-Induced Parkinsonism (DIP) is the second most common cause of parkinsonism after idiopathic Parkinson's disease. Little is known about DIP epidemiology.

Using VigiBase®, the objective of this study was to assess the main characteristics of DIP reporting around the world.

Methods:

We described reports recorded in the WHO pharmacovigilance database, Vigibase® and classified as "Parkinsonism" between 2000 and 2017. Differences of reporting between geographical locations and characteristics of reports were investigated using disproportionality analysis with calculation of Reporting Odds Ratios (ROR) and its 95 % confidence interval.

Results: Among the 9,009,107 reports recorded in VigiBase®, 4,565 (0.05%) were DIP. Co reported terms were mainly "tremor" (n=408, 8.9%), "gait disturbance" (n=209, 4.6%) and "extrapyramidal disorders" (n=180, 3.9%). DIP reports were significantly more frequent in men (ROR=1.4; 95% CI 1.3-1.5) and in patients aged 75 and over (ROR=2.12; 95% CI 1. 98-2.26). Compared to all other continents, risk of reporting drug-induced parkinsonism was higher in Europe (ROR=2.89; 95% CI 2.73-3.07), Africa (ROR=1.81; 95% CI 1.46-2.25) and Oceania (ROR= 1.50; 95% CI 1.27-1.77). The risk was lower in Asia (ROR=0.55; 95% CI 0.51-0.59) and America (ROR=0.55 95% CI 0.51-0.59). The highest risk of DIP reporting was found with sulpiride and haloperidol followed by risperidone, aripiprazole, paliperidone, metoclopramide, olanzapine, quetiapine and clozapine.

Conclusion: Risk of DIP reports was higher in men, in people aged 75 and over and in Europe. Main drugs involved are antipsychotics not only drugs from the first generation but also those from the second one.

Introduction

Drug-induced Parkinsonism (DIP) is believed to be the second most common cause of Parkinsonian symptoms after idiopathic Parkinson's disease (PD) [START_REF] Montastruc | Drug-induced parkinsonism: a review[END_REF][START_REF] Nguyen | Drug-induced parkinson syndromes[END_REF][START_REF] Bondon-Guitton | Drug-induced parkinsonism: a review of 17 years' experience in a regional pharmacovigilance center in France[END_REF][START_REF] Savica | Incidence and time trends of drug-induced parkinsonism: A 30-year population-based study[END_REF]. According to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-V), DIP includes resting tremor, muscular rigidity, akinesia, or bradykinesia, developing within a few weeks of starting or raising the dosage of a medication (typically a neuroleptic) or after reducing the dosage of an antiparkinsonian agent [START_REF]Diagnostic and Statistical Manual of Mental Disorders[END_REF]. DIP prevalence widely varies according to studies from 2% to more than 50% with a higher risk in older people and in women [START_REF] Savica | Incidence and time trends of drug-induced parkinsonism: A 30-year population-based study[END_REF][START_REF] Estevez-Fraga | Current Methods for the Treatment and Prevention of Drug-Induced Parkinsonism and Tardive Dyskinesia in the Elderly[END_REF]. Several drugs were associated with Parkinsonism, mainly the D2 dopamine antagonists, used as antipsychotics or antiemetics/prokinetics, but also some calcium channel blockers or H1 antihistamines [START_REF] Montastruc | Drug-induced parkinsonism: a review[END_REF][START_REF] Nguyen | Drug-induced parkinson syndromes[END_REF][START_REF] Bondon-Guitton | Drug-induced parkinsonism: a review of 17 years' experience in a regional pharmacovigilance center in France[END_REF][START_REF] Savica | Incidence and time trends of drug-induced parkinsonism: A 30-year population-based study[END_REF].

Although the incidence of PD varies according to geographical location (lower prevalence in Asia than in North America, Europe and Australia) [START_REF] Pringsheim | The prevalence of Parkinson's disease: a systematic review and meta-analysis[END_REF][START_REF] Gbd | Global, regional, and national burden of Parkinson's disease, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016[END_REF] or gender (higher prevalence in men) [START_REF] Pringsheim | The prevalence of Parkinson's disease: a systematic review and meta-analysis[END_REF][START_REF] Gbd | Global, regional, and national burden of Parkinson's disease, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016[END_REF][START_REF] Hirsch | The Incidence of Parkinson's Disease: A Systematic Review and Meta-Analysis[END_REF], few data about DIP characteristics across different areas in the world are available. One way to approach DIP around the world can be to study the reports of adverse drug reactions (ADRs) to national pharmacovigilance networks [START_REF] Vial | French pharmacovigilance: Missions, organization and perspectives[END_REF][START_REF] Laroche | Pharmacovigilance in Europe: Place of the Pharmacovigilance Risk Assessment Committee (PRAC) in organisation and decisional processes[END_REF]. In fact, since the mid-sixties (1967), ADRs forwarded to the World Health Organization (WHO) Uppsala Monitoring Center (UMC) by national pharmacovigilance systems from over 130 countries around the world are registered in VigiBase®, the WHO Global Individual Case Safety Report database [START_REF] Bate | The application of knowledge discovery in databases to post-marketing drug safety: example of the WHO database[END_REF][START_REF] Umc | Know more about VigiBase[END_REF].

Using VigiBase®, the objective of the present study was to assess the distribution and main characteristics of DIP reports according to the different parts of the world.

Patients and Methods

VigiBase® holds anonymized reports of suspected ADRs suffered by patients. Until 31 st December 2017, the number of reports was about 16 million. Vigibase® is a pharmacovigilance database developed and maintained by UMC on behalf of WHO since 1978 [START_REF] Bate | The application of knowledge discovery in databases to post-marketing drug safety: example of the WHO database[END_REF][START_REF] Umc | Know more about VigiBase[END_REF]. The VigiBase® database system is linked to medical and drug classifications, including MedDRA (Medical Dictionary for Regulatory Activities), WHO ICD (International Classification of Diseases) and the medicinal product dictionary, WHO Drug. MedDRA has a hierarchical system arranged from very specific terms to more general ones like the global system organ classes involved [START_REF][END_REF]. Reports are described with one or several Preferred Terms (PT) levels of MedDRA [START_REF] Bate | The application of knowledge discovery in databases to post-marketing drug safety: example of the WHO database[END_REF][START_REF] Umc | Know more about VigiBase[END_REF].

In the present study, cases were defined as reports containing the PT "Parkinsonism" in the System Organ Class (SOC) "Nervous System Disorders" according to MedDRA terminology [START_REF] Brown | The medical dictionary for regulatory activities (MedDRA)[END_REF]. This validated PT was selected, as previously done ( 16), instead of other less specific terms like "extrapyramidal disorders", in order to specifically investigate parkinsonism symptoms, i.e. akinesia (bradykinesia), tremor and/or rigidity, excluding other extrapyramidal signs like dyskinesias or dystonias. Non-cases were all other reports registered in Vigibase® during the same period. Only reports with known age (≥ 18 years) and known sex registered between 1 st January 2000 and 31 st December 2017 were included. Drugs associated with reports of DIP were those defined as "suspected" or "interacting" in the reports according to the WHO causality assessment [START_REF]The use of the WHO-UMC system for standardised case causality assessment[END_REF]. Information was obtained using VigiAccess® and DIP reports were exported to the description part.

In a first step, DIP reports were described in terms of general trends and characteristics: number, percentage per year, gender, age, geographical location and main drugs involved.

The second step aimed to investigate disproportionality of DIP reports according to the different geographical locations (the 5 continents), the gender and the main drugs involved.

Results are presented, first, as a descriptive analysis of DIP reports (gender, age, geographical location and main drugs involved) and second, as Reporting Odds Ratios (ROR) [START_REF] Rothman | The reporting odds ratio and its advantages over the proportional reporting ratio[END_REF][START_REF] Montastruc | Benefits and strengths of the disproportionality analysis for identification of adverse drug reactions in a pharmacovigilance database[END_REF][START_REF] Faillie | Case-non case studies: Principles, methods, bias and interpretation[END_REF], a ratio similar in concept to the Odds Ratio in case-control studies, with their 95% Confidence Interval (CI) in order to measure disproportionality between reports of parkinsonism versus all other ADRs for specific characteristics (continent, gender, age, drugs involved). Statistical analysis was performed using SAS 9.4 software (SAS Inst., cary, North Carolina, USA).

Results

General description

Among the 9,009,107 reports with age ≥ 18 years and sex provided and registered in VigiBase® between 1st January 2000 and 31st December 2017, 4,565 (0.05%) were DIP.

Most of DIP reports included patients between 45 and 64 years. Reports were more common in women than in men [sex ratio (M/F) value = 0.89]. However, if we take into account the fact that there are more reports in general in women (n = 5,478,747) than in men (n = 3,530,261) in VigiBase® [START_REF] Aoki | ISoP18-1110 Who's at risk? identifying risk groups for adverse drug reactions using Vigibase[END_REF], DIP were significantly more reported in men than in women (ROR = 1.39; 95% CI 1.31-1.47). In the same way, there were proportionally more DIP reports in patients aged 75 and over than in younger ones (ROR=2.12; 95% CI 1.98-2.26).

Reports came mainly from Europe, followed by America, Asia, Oceania and Africa (table 1).

They were mainly reported by health professionals (n=3,472; 76.1%). MedDRA co-reported PT were mainly "tremor" (n=408; 8.9%), "gait disturbance" (n=209; 4.6%) and "extrapyramidal disorders" (n=180; 3.9%). Table 1 shows the top 10 drugs most frequently involved in DIP.

Comparison between continents

Compared to all other continents, risk of reporting DIP (versus other adverse drug reactions) was higher in Europe (ROR=2.89; 95% CI 2.73-3.07), in Africa (ROR=1.81; 95% CI 1.46-2.25) or in Oceania (ROR= 1.50; 95% CI 1.27-1.77). On the contrary, there was less risk of DIP reporting in Asia (ROR=0.55; 95% CI 0.51-0.59) and America (ROR=0.55 95% CI 0.51-0.59) (table 2). Direct comparison between North (US and Canada) and South America found less reports in North (ROR = 0.72; 95% CI 0.59-0.88). In comparison with all other reports, there were proportionally more DIP reports in men than in women and in patients aged 75 and over in America, Europe, Asia and Oceania (but not in Africa) (table 3).

The risk of reporting for the top 10 drugs most frequently involved in DIP was also investigated according to the different parts of world. For the whole world, the most important risk of reporting was found for sulpiride followed by haloperidol, risperidone, aripiprazole, paliperidone, metoclopramide, olanzapine, quetiapine and clozapine in the disproportionality analysis (Figure 1). Sulpiride and haloperidol were also found as the most frequently involved drugs in Europe and Asia. In America, the two first drugs were haloperidol and metoclopramide (sulpiride is not marketed in the US). In Oceania and Africa, haloperidol was still the first drug whereas the number of reports with sulpiride was too low (< 5) to allow any analysis. Among antipsychotics, clozapine was the drug with the lowest disproportionality value whatever the continents (except in the America where quetiapine had the lowest ROR value).

Discussion

The present study was performed to overview and compare the main characteristics of DIP reports around the world. Using the world database, Vigibase®, we found that DIP was more reported than other ADRs in Europe (and in a lesser extent in Africa and Oceania) than in America or Asia. Moreover, compared to other ADRs, DIP appeared to be more frequently reported in men and in patients aged 75 and over. Finally, more than 7 out of 10 of DIP reports involved central nervous system drugs, mainly antipsychotics.

The results need some comments. First, the most interesting result is the higher frequency of reports in Europe than in America. The fact that use of antipsychotics was higher in Europe than in US, particularly in patients older than 65 years [START_REF] Gallini | Diffusion of antipsychotics in the US And French markets, 1998-2008[END_REF] could at least partly explain this result. In the present study, the results in Africa should be interpreted with caution due to, first, the low number of DIP reports in particular (83, i.e. only 1.8% of the total DIP number) and total ADRs reports in general (91,317 i.e. 1.01 % of the total DIP number) and, second, the lowest proportion of elderly. The data found here could also be explained by differences in ADRs reporting and/or underreporting, since development of pharmacovigilance and ADRs reporting vary according to the countries. However, we tried to minimize this potential bias comparing DIP reports to all other ADRs inside the same continent. Different prevalence and/or incidence rates of idiopathic PD were described in door-to-door or record-based surveys according to different parts of the world. Reviews of these studies [START_REF] Pringsheim | The prevalence of Parkinson's disease: a systematic review and meta-analysis[END_REF][START_REF] Gbd | Global, regional, and national burden of Parkinson's disease, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016[END_REF][START_REF] Muangpaisan | Systematic Review of the Prevalence and Incidence of Parkinson's Disease in Asia[END_REF][START_REF] Abbas | Epidemiology of Parkinson's Disease-East Versus West[END_REF] showed a higher prevalence of idiopathic PD in America than in Europe and a lower one in Asia than in the rest of the world. In contrast, our present paper showed a lower risk of reporting DIP in Asia and America. These results could suggest differences in PD's and DIP's repartition around the world.

Other results should be discussed. First, in the present study, risk of reporting DIP was higher in men than in women contrary to previous descriptive studies in pharmacovigilance database indicating a higher proportion of DIP in women (3). In fact, in the present study, we performed a comparative analysis taking into account the fact that ADRs are more frequently reported in women than in men in general and in VigiBase® in particular [START_REF] Aoki | ISoP18-1110 Who's at risk? identifying risk groups for adverse drug reactions using Vigibase[END_REF]. The recent paper from Savica (4), using records-linkage systems between 1976 and 2005, described higher incidence rates of all types of Parkinsonism in men in comparison to women and more antidopaminergic-related DIP in women than in men. This gender difference between DIP prevalence and DIP reporting could be explained, at least partly, by a difference in DIP care between men and women. The finding of a higher risk of DIP reporting in older patients is in agreement with the well-known susceptibility of the elderly to this ADR [START_REF] Estevez-Fraga | Current Methods for the Treatment and Prevention of Drug-Induced Parkinsonism and Tardive Dyskinesia in the Elderly[END_REF][START_REF] Thanvi | Drug induced parkinsonism: a common cause of parkinsonism in older people[END_REF].

Finally, another important point concerns the drugs involved in Parkinsonism in the present study. Our data show that DIP was reported not only with the first generation antipsychotics (FGAPs) but also with the second generation one (SGAPs).The high disproportionality in America with metoclopramide, a dopaminergic antagonist used as prokinetic drug, could be at least partly related to a FDA (Food and Drug Administration) warning in 2009 about tardive dyskinesia induced by this drug (leading to an over-reporting). Valproic acid was the first non-antipsychotic drug found in our study. In the disproportionality analysis for the whole world, it was ranked sixth and was the sole "suspected" drug in 59% of DIP reports including valproic acid. Parkinsonism with valproic acid, a sodium channel modulator and a calcium channel blockers, is believed to be related to alteration of dopaminergic signaling through GABAergic effect, unmasking subclinical dopaminergic degeneration [START_REF] Brugger | Valproate-Associated Parkinsonism: A Critical Review of the Literature[END_REF]. Our results also found that at the global level, the lower risk of DIP was found with clozapine among the studied antipsychotics: this could be explained by its particular affinity to the D4 dopaminergic receptor [START_REF] Elaine | 5-hydroxytryptamine (serotonin) and dopamine[END_REF].

The present study suffers from some compulsory methodological drawbacks, like every pharmacovigilance study dealing with spontaneous ADRs reporting (3). In fact, we were unable to evaluate true DIP prevalence due to several confounding factors like for example underreporting of ADRs [START_REF] Hazell | Under-reporting of adverse drug reactions : a systematic review[END_REF], differences in clinical and/or reporting practices or individual susceptibilities according to the countries. Since pharmacovigilance systems are based on spontaneous ADR reports, the analysis of DIP in Vigibase® cannot be used to measure prevalence but is useful to described main characteristic of ADR reports. Consequences of underreporting on our results is low since it was previously shown that underreporting does not differ between cases and non-cases [START_REF] Montastruc | Benefits and strengths of the disproportionality analysis for identification of adverse drug reactions in a pharmacovigilance database[END_REF]. Misclassification of DIP related to diagnosis errors could be present in our study, but this bias was reduced since more than 3 out of 4 reports came from health professionals. Finally, our study could be improved taking into account drug consumption in the different parts of the world. However, these data are not available for all the continents. Similar comments could be made for age and sex. In order to try to minimize these biases, we choose to perform a disproportionality analysis versus all other ADRs reports and according to the continents.

In contrast, the present work has several important strengths. First, Vigibase® is the largest pharmacovigilance database in the world offering unique opportunities to make comparisons between countries and covering the whole global population with differences in medical and cultural habits [START_REF] Bate | The application of knowledge discovery in databases to post-marketing drug safety: example of the WHO database[END_REF][START_REF] Umc | Know more about VigiBase[END_REF]. More than 4,500 Parkinsonism reports were included in the study, thus giving it a high statistically power. To our knowledge, our study is the first to analyze DIP reports around the world, using validated data. As far as we know, there is no other validated method to analyze such geographical variations of DIP in the world. Another interesting point is that we only considered in the present study reports from 2000 to 2017 in order to analyze recent data. In fact, most of the papers describing DIP were performed mainly during the end of the 20 th century [START_REF] Bondon-Guitton | Drug-induced parkinsonism: a review of 17 years' experience in a regional pharmacovigilance center in France[END_REF][START_REF] Savica | Incidence and time trends of drug-induced parkinsonism: A 30-year population-based study[END_REF]. The choice of this period also allowed us to exclude the Weber effect (29) associated for example with calcium antagonist-induced Parkinsonism [START_REF] Mena | Effects of calcium antagonists on the dopamine system[END_REF]. The Weber effect corresponds to a peak of pharmacovigilance reports in the second year after the marketing authorization of a drug [START_REF] Weber | Epidemiology of adverse reactions to nonsteroidal antiinflammatory drugs[END_REF]. This effect can lead to an overestimate of disproportionality. Thus, our data also offer current conclusions about Parkinsonism associated with antipsychotics, and especially SGAPs. Finally, ROR analysis allowed to underline, for the first time, the disproportionality between DIP reports and other ADR reports in each part of world.

Conclusions

The present study shows that risk of DIP reports is higher in men, in patients aged 75 and over and in Europe (rather than in America or in Asia). The main class of drugs involved was antipsychotics, not only those from the first generation but also those from the second one, whatever the geographical locations. Use of the pharmacovigilance database Vigibase® is a unique tool for ADRs comparison around the world. 
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Table 1 . Main characteristics of Drug-Induced Parkinsonism (DIP) reports registered under the Preferred Term (PT) "Parkinsonism" in VigiBase® between 2000 and 2017 Number of DIP reports n %

 1 

	Total

*"Suspected" or "Interacting" drugs

Table 2 : Reporting Odds Ratios (ROR) for Drug-Induced Parkinsonism (DIP) in continents in Vigibase® between 2000 and 2017.

 2 DIP reports in each continent. **Non cases: other reports (DIP excluded) in each continent. Comparisons were made between each continent and rest of world.

		Number of	Number of	ROR	95% CI
		cases*	non-cases**		
	America	1,348	4,027,931	0.52	0.49-0.55
	Europe	2,180	2,162,359	2.89	2.73-3.07
	Asia	808	2,528,768	0.55	0.51-0.59
	Oceania	146	194,250	1.50	1.27-1.77
	Africa	83	91,234	1.81	1.46-2.25

*Cases:

Table 3 : Reporting Odds Ratios (ROR) for Drug-Induced Parkinsonism (DIP) in continents in Vigibase® between 2000 and 2017.
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	(A)

(A) According to gender: comparisons were made between men and women. (B) According to age: comparisons were made between patients ≥75 years old and the others. *Cases: DIP reports. **Non cases: other reports (DIP excluded).
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