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Editorials
Sex differences in Parkinson’s Disease: An
emerging health question
Parkinson’s disease (PD) is a neurodegenerative disease of high inci-
dence in the global population, affecting 10 million people.1,2 In Brazil,
it is estimated that in 2030 more than 600 thousand people will develop
the disease.3 PD occurs in both sexes (male and female), with 1% of men
and women developing it at the age of 45−54 years and subsequently
4% of men and 2% of women at the age of 85 years.1,2 PD is a debilitat-
ing pathology for the patient, in addition, it generates a large financial
burden on governments worldwide with social security expenses, medi-
cations, loss of income, etc, generating a cost of about 52 billion USD
specifically in the United States.2

Currently, neuroscientists discuss the importance of biological sex as
a significant factor related to the severity of PD.4 Since 2015, the impor-
tance of biological sex has been highlighted by the National Institutes of
Health (NIH) as a crucial variable for rigorous research (NOT-OD-15-
102). Even though it is imperative that clinical and basic studies include
sex in investigations, few studies consider researching the variable as an
objective for the investigation.5−7

The sex difference is a pivotal aspect that defines the epidemio-
logical and clinical implications of PD.8−10 Although the prevalence
of PD is double in men than in women,9,10 the disease’s progression
and mortality rates are higher in women.11,12 Regarding the most
common PD symptoms, motor symptoms help characterize and diag-
nose PD, where women and men show significant differences in clin-
ical progression and treatments.13 Although previous work could not
relate sex differences in PD, important data has been published that
women, in comparison to men, present later onset of motor symp-
toms,14 tremor-dominant,15 and higher striatal dopaminergic
activity.15,16 Other clinical aspects such as cognition, emotional and
mental impairments are key clues for PD manifestation.10 Studies
hve shown that cognitive impairment and dementia are significantly
more prominent in men with PD.14,15

Sensory impairments in taste and smell are more common in men
compared to women.16 Depressive symptoms such as irritability and agi-
tation, loss of pleasure self-dislike, self-punishment, and feelings of
worthlessness are more prominent in women with PD.17,18−20 In addi-
tion, women showed earlier dyskinesias and worst postural
instability.21,17 On the other hand, men with PD are more likely to pres-
ent with writing difficulties, clumsiness,22 higher bradykinesia and
rigidity scores compared to women with PD.21,17,23

In addition to motor findings, sleep disorders are also different
between the sexes. In female patients, insomnia is a recurrent disorder,24

where women are more prone to the development of symptoms such as
fatigue, pain, neuropsychiatric disorders (anxiety and depression), rest-
less legs syndrome, and constipation. Such symptoms can disturb the
cycles of sleep, in contrast, men are more resistant to sleeping disorders,
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which could explain the higher prevalence of insomnia in the female
sex.25 REM sleep behavior disorders (RBD) are evidenced in both sexes
in patients with PD. Severity of symptoms may vary depending on the
sex,26 female PD patients reported significantly fewer fights and aggres-
sive behavior during dreams and had more disturbed sleep.25

The pharmacology of PD is varied, although there is no availability of
drugs that inhibit the progression of neurodegeneration, there are sev-
eral types of pharmacological agents used for the treatment of PD symp-
toms. Among them, the authors can highlight levodopa (LD), dopamine
agonists, and catechol-Omethyltransferase inhibitor (COMT), and mono-
amine oxidase type B inhibitors (MAO-B).27 During the disease, the
pharmacological prescription depends on different factors, such as age,
motor, and non-motor symptoms, however, it is still not common to take
into consideration the sex of the individual.28,29

LD in addition to dopamine decarboxylase inhibitors (e.g. carbidopa)
is considered the most effective pharmacological option for the treat-
ment of motor symptoms, however, the treatment can be initiated with
other drugs, such as dopamine agonists (Pramipexole and Ropinirole) or
anticholinergics (Benztropine), to decrease complications related to the
prolonged use of LD.27,30 Once treatment with LD is initiated, adjunctive
therapy with COMT (Entacapone and Tolcapone) and MAO-B inhibitors
(Selegiline and Rasagiline) or dopamine agonists to manage motor fluc-
tuations is common.30

Evidence shows that there are sex differences in pharmacokinetics
and pharmacodynamics during the administration of PD drugs. Tolca-
pone is a COMT inhibitor used as an adjuvant with LD, although well tol-
erated, females are more susceptible to gastrointestinal and orthostatic
adverse effects.31 Pramipexole, a dopaminergic agonist, presents a
higher bioavailability in females, probably related to a lower oral clear-
ance.32 It was also demonstrated, in the female sex, a higher LD bioavail-
ability, when compared to the male sex, evidenced by a higher AUC and
Cmax, measures used to demonstrate the drug plasma
concentration.33,34,35

Body weight can be a factor to explain sex differences since the
results point out that the female sex is correlated with lower body
weight. However, even after adjusting for this factor, the difference
remains, indicating that there are other mechanisms, besides body
weight, which is involved in the higher levodopa availability in
females.33,35,36 In part, this difference may be associated with lower LD
clearance37 and COMT activity in females,38 in addition to 17β-estradiol
inducing a decrease in COMT expression.39 More studies are needed to
clarify the issue that sex can alter the response to drugs.

This proves to be relevant because female subjects are more likely to
develop levodopa-induced dyskinesia, one of the main complications
associated with the treatment.40 Moreover, during the DEEP study, it
was observed that the female gender is associated with an 80.1% higher
risk of developing wearing-off (WO), a term which refers to the decrease
in the time in which LD controls the symptoms.41 During the "off" peri-
ods it is common for patients to experience a return of motor and non-
motor symptoms, significant being that females have a higher risk of
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WO.41 Impulse control disorders, although present in the PD population
in general, may be associated with the intake of high doses of LD and
dopaminergic agonist.42 The male gender can be considered a risk factor
for addiction to gambling (pathological gambling) and hypersexuality43

and is associated with punding and compulsive drug use.44

Differences are also found in the neurodegenerative process. The
cholinergic dopaminergic denervation of the caudate and neocortical
nucleus are higher in male patients than compared in females.12 Women
showed higher amounts of striatal dopamine when compared to men,45

and higher levels of the striatal dopamine transporter, these findings
suggest higher protection for the development of PD linked in males.46

A higher expression of glutamate and vesicular glutamate transporter
2 (VGLLUT2) in dopaminergic (DA) neurons has been shown in women
compared to males, signifying higher protection of women to DA neuron
loss and a higher permeability linked to males.47 Genes involved in PD
pathogenesis are α -synuclein and PINK1 which are under-expressed in
males, on the other hand, signal transduction and neuronal maturation
regulatory genes are positively regulated in females.48 These findings
reveal important genetic characteristics since DA neurons in the substan-
tia nigra are sensitive to stress conditions, and the positive regulation of
genes such as α -synuclein and PINK1 a protein required for mitophagy
in DA neurons.49 These findings may interfere with treatment strategies
and motor or non-motor symptoms in PD.

Since there are many differences found between the sexes, a neuro-
protective effect may be implicated, suggesting that there may be an
endogenous hormonal role. Times of hormonal instability, such as men-
opause, might have a role in the progression of PD,50 but some studies
have not found an association between PD and fertile lifespan, age of
menarche, or the age of menopause.51 Hormonal therapy has been sug-
gested as a potential treatment of PD. Estrogen has been found to be neu-
roprotective and may protect neurons from toxins.52 Due to increased
estrogen levels, the endometrium may grow and cause endometrial
hyperplasia- enlargement of the uterine wall.

Progestin, a synthetic form of progesterone, is used to prevent this
growth and therefore must be taken along with the therapy.53 However,
the use of estrogen and progestin hormonal therapy may increase the
risk of PD in some studies. In contrast, Gatto et al and collaborators54

showed that having either endogenous or exogenous estrogen therapy
for the longest cumulative time had reduced PD risk. Conjugated equine
estrogen hormonal therapy seems to ameliorate the motor symptoms of
PD after it has been diagnosed in postmenopausal women.55

Men’s decline in testosterone during aging and might have a role in
the progression of PD.56 Despite the drop in testosterone, studies show
that using the androgen (testosterone) hormonal therapy does not seem
to have similar neuroprotective effects as found in estrogen.57 More
studies are needed to understand if supplementation of testosterone cre-
ates a risk factor for PD progression and/or alleviates symptoms of PD.

These are just the more common of the various sex hormones that are
avaiable to the two sexes. More research is needed to describe the nuan-
ces of sex hormones relating to the onset and progression of PD. Also,
during development, sex hormones like testosterone can make the body
sexually dimorphic, such as the substantia nigra the brain area impor-
tant for PD pathology are dimorphic in mice.58 The study of sex hor-
mones in the progression neurodegenerative diseases will be a
challenging and rewarding area to research.

Finally, the lack of studies on humans that report the difference of
sex in clinical features, symptoms, treatment, neurodegeneration and
hormones exposes new avenues of research. Therefore, the authors must
consider these issues and we hope that future studies can obtain more
information about these differences to circumvent the lack of personal-
ized treatments for men and women affected by PD. Above all, the
authors emphasize in this editorial that the differences in the sex
response profile of treatments should be an area of interest.

In conclusion, it is interesting to take into consideration the disparity
that exists between the sexes. Especially in the pharmacological dosage,
since different responses, tolerance, and pharmacokinetics exist.
2

Moreover, special attention to this issue could allow better management
of adverse effects that often cause limitations to pharmacological ther-
apy, such as WO and the emergence of dyskinesias.
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çoamento de Pessoal de Nível Superior (CAPES - Finance code 001)
scholarships. The sponsors had no role in the design or conduct of this
research.

Luiz Philipe de Souza Ferreira a,*,1, Rafael Andr�e da Silvab,1,
Matheus Marques Mesquita da Costa c,1,

Vinicius Moraes de Paiva Rodad,1, Santiago Vizcaino e,1,
Nilma R.L.L. Janissetf, Renata Ramos Vieiraa, Jos�e Marcos Sanchese,

Jos�e Maria Soares Juniorg, Manuel de Jesus Sim~oesa
a Structural and Functional Biology Graduate Program, Escola Paulista de

Medicina, Universidade Federal de S~ao Paulo (EPM/UNIFESP), S~ao Paulo,
SP, Brazil

b Biosciences Graduate Program, Instituto de Biociências, Letras e Ciências
Exatas, Universidade Estadual Paulista (IBILCE/UNESP), S~ao Jos�e do Rio

Preto, SP, Brazil
cMedical Sciences Graduate Program, Universidade Federal do Cear�a (UFC),

Fortaleza, CE, Brazil
d Life Systems Biology Graduate Program, Instituto de Ciências Biom�edicas,

Universidade de S~ao Paulo (ICB/USP), S~ao Paulo, SP, Brazil
e Department of Ophthalmology, University of Texas Southwestern Medical

Center, Dallas, United States
f Department of Pharmacology, Escola Paulista de Medicina, Universidade

Federal de S~ao Paulo (EPM/UNIFESP), S~ao Paulo, SP, Brazil
g Department of Obstetrics and Gynecology, Faculdade de Medicina,

Universidade de S~ao Paulo (FMUSP), S~ao Paulo, SP, Brazil
*Corresponding author.

E-mail address: luiz.philipe@unifesp.br (L. Philipe de Souza Ferreira).
1These authors contributed equally to this work.
References

1. Hirsch L, Jette N, Frolkis A, Steeves T, Pringsheim T. The incidence of Parkinson’s dis-
ease: a systematic review and meta-analysis. Neuroepidemiology 2016;46(4):292–
300.

http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0002-5195-9911
http://orcid.org/0000-0002-5195-9911
http://orcid.org/0000-0002-5195-9911
http://orcid.org/0000-0002-5195-9911
http://orcid.org/0000-0002-5195-9911
http://orcid.org/0000-0003-2051-1708
http://orcid.org/0000-0003-2051-1708
http://orcid.org/0000-0003-2051-1708
http://orcid.org/0000-0003-2051-1708
http://orcid.org/0000-0003-2051-1708
http://orcid.org/0000-0003-2051-1708
http://orcid.org/0000-0003-2051-1708
http://orcid.org/0000-0003-2051-1708
mailto:luiz.philipe@unifesp.br
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0001
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0001
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0001


L. Philipe de Souza Ferreira et al. Clinics 77 (2022) 100121
2. Marras C, Beck JC, Bower JH, et al. Parkinson’s Foundation P4 Group. Prevalence of
Parkinson’s disease across North America. NPJ Parkinsons Dis 2018;4:21.

3. Dorsey ER, Constantinescu R, Thompson JP, et al. Projected number of people with
Parkinson disease in the most populous nations, 2005 through 2030. Neurology
2007;68(5):384–6.

4. Abraham DS, Gruber-Baldini AL, Magder LS, et al. Sex differences in Parkinson’s dis-
ease presentation and progression. Parkinsonism Relat Disord 2019;69:48–54.

5. Woitowich NC, Beery A, Woodruff T. A 10-year follow-up study of sex inclusion in the
biological sciences. Elife 2020;9:e56344.

6. Raising the bar on sex and gender reporting in research. Nat. Med. 2022;28(6):1099.
7. Cerri S, Mus L, Blandini F. Parkinson’s disease in women and men: what’s the differ-

ence? J Parkinsons Dis 2019;9(3):501–15.
8. Baldereschi M, Di Carlo A, Rocca WA, et al. Parkinson’s disease and parkinsonism in a

longitudinal study: two-fold higher incidence in men. ILSA working group. Italian lon-
gitudinal study on aging. Neurology 2000;55(9):1358–63.

9. Dahodwala N, Shah K, He Y, et al. Sex disparities in access to caregiving in Parkinson
disease. Neurology 2018;90(1):e48–54.

10. Georgiev D, Hamberg K, Hariz M, Forsgren L, Hariz GM. Gender differences in Parkin-
son’s disease: a clinical perspective. Acta Neurol Scand 2017;136(6):570–84.

11. Alves G, M€uller B, Herlofson K, et al. Norwegian ParkWest study group. Incidence of
Parkinson’s disease in Norway: the Norwegian ParkWest study. J Neurol Neurosurg
Psychiatry 2009;80(8):851–7.

12. Haaxma CA, Bloem BR, Borm GF, et al. Gender differences in Parkinson’s disease. J
Neurol Neurosurg Psychiatry 2007;78(8):819–24.

13. Lee JJ, Ham JH, Lee PH, Sohn YH. Gender differences in age-related striatal dopamine
depletion in Parkinson’s disease. J Mov Disord 2015;8(3):130–5.

14. Uc EY, McDermott MP, Marder KS, et al. Parkinson study group DATATOP investiga-
tors. Incidence of and risk factors for cognitive impairment in an early Parkinson dis-
ease clinical trial cohort. Neurology 2009;73(18):1469–77.

15. Pigott K, Rick J, Xie SX, et al. Longitudinal study of normal cognition in Parkinson dis-
ease. Neurology 2015;85(15):1276–82.

16. Nicoletti A, Vasta R, Mostile G, et al. Gender effect on non-motor symptoms in Parkin-
son’s disease: are men more at risk? Parkinsonism Relat Disord 2017;35:69–74.

17. Kov�acs M, Makkos A, Aschermann Z, et al. Impact of sex on the nonmotor symptoms
and the health-related quality of life in Parkinson’s disease. Parkinsons Dis
2016;2016:7951840.

18. Perrin AJ, Nosova E, Co K, et al. Gender differences in Parkinson’s disease depression.
Parkinsonism Relat Disord 2017;36:93–7.

19. Guo X, Song W, Chen K, et al. Gender and onset age-related features of non-motor
symptoms of patients with Parkinson’s disease−a study from Southwest China. Parkin-
sonism Relat Disord 2013;19(11):961–5.

20. Nolen-Hoeksema S, Larson J, Grayson C. Explaining the gender difference in depres-
sive symptoms. J Pers Soc Psychol 1999;77(5):1061–72.

21. Szewczyk-Krolikowski K, Tomlinson P, Nithi K, et al. The influence of age and gender
on motor and non-motor features of early Parkinson’s disease: initial findings from the
Oxford Parkinson Disease Center (OPDC) discovery cohort. Parkinsonism Relat Disord
2014;20(1):99–105.

22. Scott B, Borgman A, Engler H, Johnels B, Aquilonius SM. Gender differences in Parkin-
son’s disease symptom profile. Acta Neurol Scand 2000;102(1):37–43.

23. Solla P, Cannas A, Ibba FC, et al. Gender differences in motor and non-motor symp-
toms among Sardinian patients with Parkinson’s disease. J Neurol Sci 2012;323(1-
2):33–9.

24. Gjerstad MD, Wentzel-Larsen T, Aarsland D, Larsen JP. Insomnia in Parkinson’s dis-
ease: frequency and progression over time. J Neurol Neurosurg Psychiatry 2007;78
(5):476–9.

25. Bjørnara� KA, Dietrichs E, Toft M. REM sleep behavior disorder in Parkinson’s disease
−is there a gender difference? Parkinsonism Relat Disord 2013;19(1):120–2.

26. Sixel-D€oring F, Trautmann E, Mollenhauer B, Trenkwalder C. Associated factors for
REM sleep behavior disorder in Parkinson disease. Neurology 2011;77(11):1048–54.

27. Connolly BS, Lang AE. Pharmacological treatment of Parkinson disease: a review.
JAMA 2014;311(16):1670–83.

28. Armstrong MJ, Okun MS. Diagnosis and treatment of Parkinson disease: a review.
JAMA 2020;323(6):548–60.

29. Ferreira JJ, Katzenschlager R, Bloem BR, et al. Summary of the recommendations of
the EFNS/MDS-ES review on therapeutic management of Parkinson’s disease. Eur J
Neurol 2013;20(1):5–15.

30. Oertel W, Schulz JB. Current and experimental treatments of Parkinson disease: a
guide for neuroscientists. J Neurochem 2016;139(Suppl 1):325–37.

31. Jorga KM. Pharmacokinetics, pharmacodynamics, and tolerability of tolcapone: a
review of early studies in volunteers. Neurology 1998;50(5 Suppl 5):S31–8.
3

32. Wright CE, Sisson TL, Ichhpurani AK, Peters GR. Steady-state pharmacokinetic proper-
ties of pramipexole in healthy volunteers. J Clin Pharmacol 1997;37(6):520–5.

33. Kompoliti K, Adler CH, Raman R, et al. Gender and pramipexole effects on levodopa
pharmacokinetics and pharmacodynamics. Neurology 2002;58(9):1418–22.

34. Kumagai T, Nagayama H, Ota T, Nishiyama Y, Mishina M, Ueda M. Sex diferences in
the pharmacokinetics of levodopa in elderly patients with Parkinson disease. Clin Neu-
ropharmacol 2014;37(6):173–6.

35. Conti V, Izzo V, Russillo MC, et al. Gender differences in levodopa pharmacokinetics in
levodopa-naïve patients with Parkinson’s disease. Front Med 2022;9:909936.
(Lausanne).

36. Zappia M, Quattrone A. Gender and pramipexole effects on levodopa pharmacokinet-
ics and pharmacodynamics. Neurology 2002;59(12):2010.. author reply 2010.

37. Martinelli P, Contin M, Scaglione C, Riva R, Albani F, Baruzzi A. Levodopa pharmaco-
kinetics and dyskinesias: are there sex-related differences? Neurol Sci 2003;24
(3):192–3.

38. Boudíkov�a B, Szumlanski C, Maidak B, Weinshilboum R. Human liver catechol-Ome-
thyltransferase pharmacogenetics. Clin Pharmacol Ther 1990;48(4):381–9.

39. Xie T, Ho SL, Ramsden D. Characterization and implications of estrogenic downregula-
tion of human catechol-O-methyltransferase gene transcription. Mol Pharmacol
1999;56(1):31–8.

40. Hong JY, Sunwoo MK, Yoon JH, et al. Rapid drug increase and early onset of levo-
dopa-induced dyskinesia in Parkinson’s disease. PLoS One 2020;15(8):e0237472.

41. Colombo D, Abbruzzese G, Antonini A, et al. The "gender factor" in wearing-off among
patients with Parkinson’s disease: a post hoc analysis of DEEP study. ScientificWorld-
Journal 2015;2015:787451.

42. Joutsa J, Martikainen K, Vahlberg T, Kaasinen V. Effects of dopamine agonist dose and
gender on the prognosis of impulse control disorders in Parkinson’s disease. Parkin-
sonism Relat Disord 2012;18(10):1079–83.

43. Gatto EM, Aldinio V. Impulse control disorders in Parkinson’s disease. A brief and
comprehensive review. Front Neurol 2019;10:351.

44. Paul BS, Singh G, Bansal N, Singh G, Paul G. Gender differences in impulse control dis-
orders and related behaviors in patients with Parkinson’s disease and its impact on
quality of life. Ann Indian Acad Neurol 2020;23(5):632–7.

45. Kotagal V, Albin RL, M€uller ML, Koeppe RA, Frey KA, Bohnen NI. Gender diferences in
cholinergic and dopaminergic deficits in Parkinson disease. J Neural Transm
2013;120(10):1421–4. (Vienna).

46. Wong KK, M€uller ML, Kuwabara H, Studenski SA, Bohnen NI. Gender differences in
nigrostriatal dopaminergic innervation are present at young-to-middle but not at older
age in normal adults. J Clin Neurosci 2012;19(1):183–4.

47. Buck SA, Steinkellner T, Aslanoglou D, et al. Vesicular glutamate transporter modu-
lates sex differences in dopamine neuron vulnerability to age-related neurodegenera-
tion. Aging Cell 2021;20(5):e13365.

48. Cantuti-Castelvetri I, Keller-McGandy C, Bouzou B, et al. Effects of gender on nigral
gene expression and parkinson disease. Neurobiol Dis 2007;26(3):606–14.

49. Li W, Fu Y, Halliday GM, Sue CM. PARK genes link mitochondrial dysfunction and
alpha-synuclein pathology in sporadic parkinson’s disease. Front Cell Dev Biol
2021;9:612476.

50. Ragonese P, D’Amelio M, Callari G, Salemi G, Morgante L, Savettieri G. Age at meno-
pause predicts age at onset of Parkinson’s disease. Mov Disord 2006;21(12):2211–4.

51. Lv M, Zhang Y, Chen GC, Li G, Rui Y, Qin L, et al. Reproductive factors and risk of Par-
kinson’s disease in women: a meta-analysis of observational studies. Behav Brain Res
2017;335:103–10.

52. Datla KP, Murray HE, Pillai AV, Gillies GE, Dexter DT. Differences in dopaminergic
neuroprotective effects of estrogen during estrous cycle. Neuroreport 2003;14(1):47–
50.

53. Bourque M, Morissette M, Di Paolo T. Repurposing sex steroids and related drugs as
potential treatment for Parkinson’s disease. Neuropharmacology 2019;147:37–54.

54. Gatto NM, Deapen D, Stoyanoff S, Pinder R, Narayan S, Bordelon Y, et al. Lifetime
exposure to estrogens and Parkinson’s disease in California teachers. Parkinsonism
Relat Disord 2014;20(11):1149–56.

55. Parkinson Study Group POETRY Investigators. A randomized pilot trial of estrogen
replacement therapy in post-menopausal women with Parkinson’s disease. Parkinson-
ism Relat Disord 2011;17(10):757–60.

56. Feldman AL, Johansson AL, Nise G, Gatz M, Pedersen NL, Wirdefeldt K. Occupational
exposure in parkinsonian disorders: a 43-year prospective cohort study in men. Par-
kinsonism Relat Disord 2011;17(9):677–82.

57. Gurvich C, Le J, Thomas N, Thomas EHX, Kulkarni J. Sex hormones and cognition in
aging. Vitam Horm 2021;115:511–33.

58. Velískov�a J, Mosh�e SL. Sexual dimorphism and developmental regulation of substan-
tia nigra function. Ann Neurol 2001;50(5):596–601.

http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0015
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0015
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0016
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0017
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0018
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0019
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0019
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0019
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0020
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0020
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0021
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0021
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0021
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0021
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0022
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0022
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0023
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0023
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0023
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0024
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0024
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0024
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0025
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0025
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0025
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0026
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0026
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0026
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0027
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0027
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0028
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0028
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0029
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0029
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0029
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0030
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0030
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0031
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0031
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0032
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0032
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0033
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0033
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0034
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0034
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0034
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0035
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0035
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0035
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0036
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0036
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0037
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0038
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0038
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0038
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0039
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0039
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0039
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0040
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0040
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0041
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0041
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0041
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0042
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0042
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0042
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0043
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0043
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0044
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0044
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0044
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0045
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0045
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0045
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0045
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0046
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0046
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0046
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0046
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0047
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0047
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0047
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0048
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0048
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0049
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0049
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0049
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0050
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0050
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0051
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0051
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0051
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0052
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0052
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0052
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0053
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0053
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0054
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0054
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0054
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0055
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0055
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0055
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0056
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0056
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0056
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0057
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0057
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0058
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0058
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0058
http://refhub.elsevier.com/S1807-5932(22)03322-1/sbref0058

	Sex differences in Parkinson's Disease: An emerging health question
	Declaration of Competing Interest
	CRediT authorship contribution statement

	Acknowledgments
	References


