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Abstract
Background: Parkinson's	disease	(PD)	is	a	neurodegenerative	disorder	affecting	both	sexes,	
but	differences	exist	between	male	and	female	in	clinical	manifestations,	functional	impact	
of	symptoms	and	hormonal	influences.	Therefore,	representativeness	of	females	in	PD	tri-
als	indirectly	determines	the	external	validity	of	the	clinical	research	in	this	field.
Objective: To	estimate	the	representativeness	of	female	in	infusion	therapy	trials	for	ad-
vanced	PD.
Methods: PubMed	 and	 EMBASE	 databases	were	 searched	 (1980	 to	 September	 2023),	
along	with	congress	abstracts,	to	identify	controlled	clinical	trials	and	large	non-	controlled	
studies	on	infusion	therapies	in	PD	enrolling	>100	patients.	Random-	effect	meta-	analysis	
was	conducted	to	estimate	mean	pooled	prevalence	of	females	 included	 in	the	studies.	
Subgroup	analyses	were	conducted	accordingly	to	study	design	and	intervention.
Results: We	 included	 15	 studies	 (six	 studies	 on	 levodopa-	carbidopa	 intestinal	 gel,	 six	
on	subcutaneous	levodopa,	two	on	subcutaneous	apomorphine,	and	one	on	levodopa-	
carbidopa-	entacapone	 intestinal	gel).	Sex	was	not	a	 randomisation	stratification	factor	
in	any	of	these	studies.	Only	one	study	explored	differences	in	the	outcome	estimated	
according	to	sex.	Overall,	the	proportion	of	female	included	was	38%	(95%	CI:33%–43%;	
I2 = 74%),	without	differences	between	studies	assessing	different	type	of	interventions	
(p = 0.72)	 or	 between	 study	 design	 (p = 0.35).	 In	 two	 studies,	 females	 represented	 the	
majority	of	included	patients.
Conclusion: Female	with	advanced	PD	are	underrepresented	 in	 infusion	therapy	trials.	
Most	trials	have	overlooked	sex-	based	biological	differences	that	can	impact	clinical	and	
functional	outcomes,	raising	concerns	about	the	generalizability	of	these	findings	to	real-	
world	contexts.
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INTRODUC TION

Parkinson's	disease	(PD)	is	a	progressive	neurological	disorder	that	
affects	both	sexes	[1].	While	research	and	clinical	trials	have	made	
significant	 strides	 in	 both	 understanding	 and	 treating	 PD,	 there	
is	 a	 growing	 concern	 about	 the	 underrepresentation	 of	 female	
patients	in	these	studies	[2, 3].	 In	terms	of	motor	phenotype,	fe-
males	present	more	frequently	with	a	tremor-	dominant	PD	type,	
and	have	overall	slower	disease	progression	[4, 5].	These	observa-
tions	have	also	been	recently	supported	by	a	neuroimaging	study	
in	which	 rates	of	brain	 aging	 in	male	were	 faster	 than	 in	 female	
with	PD	[6].	These	findings	could	be	also	influenced	by	the	obser-
vation	that	males	overall	age	faster	than	females,	even	without	the	
burden	of	PD	[7].

Females	also	have	higher	rates	of	non-	motor	fluctuations	[8]. 
Moreover,	 they	 are	more	prone	 to	depression	 and	 anxiety	 com-
pared	to	males	[9,	10].	Females	with	PD	also	have	a	higher	prev-
alence	of	constipation,	pain,	and	sleep	disturbances,	all	affecting	
quality	of	 life	and	functionality	 [11].	Hormonal	 factors,	 including	
oestrogen,	have	been	 implicated	 in	 influencing	 the	development	
and	progression	of	PD	 in	 females	 [12].	Oestrogen	has	neuropro-
tective	properties,	and	may	exert	a	beneficial	effect	on	dopami-
nergic	neurons,	which	are	affected	 in	PD	 [12, 13]. However, the 
scientific	evidence	on	the	relationship	between	oestrogen	 levels	
and	PD	risk	and	progression	is	conflicting.	There	are	also	a	num-
ber	of	sex-	specific	issues	in	females	with	PD	that	have	been,	until	
now,	 poorly	 addressed.	 This	 concerns	 specifically	 the	 topic	 of	
pregnancy	and	PD,	the	influence	of	menstrual	cycle	on	PD	symp-
toms,	menopause	and	PD,	and	other	issues	related	to	reproductive	
health	[14, 15].

Another	 important	 topic	 are	 different	 pharmacotherapy	 pat-
terns	between	sexes.	This	issue	has	very	important	implications	into	
planification	of	personalized	treatment.	One	of	the	determinants	of	
differences	 in	 treatment	between	males	and	 females	with	PD	 is	 a	
greater	levodopa	bioavailability	in	females.	This	is	supported	by	the	
fact	that	the	genes	involved	in	the	levodopa	metabolism,	catechol-	
O-	methyltransferase	 (COMT)	and	monoamine	oxidase-	B	 (MAO-	B),	
are	found	on	chromosomes	22	and	X,	 respectively	 [16].	Other	ge-
netic	determinants	of	sex-	specific	response	to	treatment	in	PD	have	
also	been	 found;	 in	 a	 study	by	Sampaio	 et	 al.,	 authors	 found	 that	
certain	MAO-	B	and	COMT	single	nucleotide	polymorphisms	(SNP)	
were	related	to	greater	predisposition	to	levodopa	induced	dyskine-
sias	in	males	[17].	Additionally,	females	exhibit	greater	levodopa	(LD)	
bioavailability	compared	to	males,	as	indicated	by	their	higher	area	
under	the	curve	(AUC)	and	maximum	plasma	concentration	(Cmax)	
values	[16].	Since	females	usually	have	also	lower	body	mass	index,	
this	could	also	 influence	drug	availability	and,	as	a	 result,	 increase	
the	risk	of	levodopa-	induced	dyskinesias	[18].	There	are	also	differ-
ences	in	response	to	non-	motor	symptoms	between	biological	sexes	
with	males	requiring	earlier	and	higher	doses	of	anti-	psychotic	med-
ications	[19].

Among	advanced	therapies,	deep	brain	stimulation	(DBS)	is	the	
only	one	that	has	been	studied	 in	relation	to	birth	sex	differences	

[20].	 Males	 appear	 to	 experience	 a	 greater	 degree	 of	 improve-
ment	 following	 subthalamic	nucleus	DBS	 (STN-	DBS)	but	 also	 face	
a	higher	risk	of	developing	dementia	after	a	10-	year	follow-	up	[21]. 
Interestingly,	 females	 report	 better	 improvement	of	 quality	 of	 life	
after	 the	DBS	procedure	 [22, 23].	 So	 far,	 there	 are	 no	 studies	 di-
rectly	comparing	sex	differences	in	infusion	therapies	although	data	
on	long	term	survival	are	available	[24].

Here,	we	aimed	to	conduct	a	systematic	review	to	evaluate	the	
representativeness	 of	 females	 in	 infusion	 therapy	 studies	 for	 ad-
vanced	PD.

METHODS

The	systematic	review	protocol	was	developed	using	guidance	from	
the	 Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	 and	Meta-	
Analyses	(PRISMA)	statement	[25].

The	 literature	 search	on	PubMed	and	EMBASE	databases	was	
run	 from	 1980	 until	 September	 2023	 (search	 queries	 available	 as	
supplementary	 material).	 Articles	 in	 languages	 other	 than	 English	
were	 excluded.	Abstracts	 presented	 at	 the	 European	Academy	of	
Neurology	and	Movement	Disorders	Society	Congress	from	the	past	
5 years	(from	2018	to	2023)	were	also	reviewed	for	relevant	unpub-
lished	studies.	The	search	and	study	selection	were	conducted	by	
three	independent	researchers	(KS,	NS,	and	VC).

Inclusion criteria

We	included	both	randomized	(RCTs)	and	non-	randomized	controlled	
clinical trials, as well as prospective non- controlled studies/
extensions	with	a	sample	size	of	at	least	100	patients,	that	evaluated	
adult	patients	with	a	diagnosis	of	advanced	PD	treated	with	infusion	
therapies	(subcutaneous	apomorphine	[CAI],	levodopa-	entacapone-	
carbidopa	 intestinal	 gel	 [LECIG],	 levodopa-	carbidopa	 intestinal	 gel	
[LCIG],	and	subcutaneous	levodopa).

Exclusion criteria

Reviews,	case	reports,	case	series,	and	observational	retrospective	
studies, as well as post- hoc	 analysis,	 were	 excluded.	 Studies	
evaluating	 non-	infusion	 therapies	 in	 people	with	 advanced	PD,	 as	
well	 as	 pharmacokinetic	 studies	 conducted	 in	 healthy	 volunteers	
were	also	excluded.

Measured outcomes

The	main	outcome	was	the	proportion	of	female	patients	enrolled	
in	 the	 study.	Although	 sex	 and	gender	 are	not	 synonyms	 [26], we 
extract	data	interchangeable	as	reported	in	the	study	to	defined	the	
“female	sex”	variable	[27].
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We	 also	 extracted	 data	 on	whether	 trials	 considered	 sex	 as	 a	
stratifying	factor	and	whether	studies	have	addressed	the	outcomes	
accordingly	to	the	sex	of	the	included	population.

Data collection and analysis

Data	 were	 extracted	 independently	 by	 three	 reviewers	 (KS,	 NS,	
and	 VC)	 using	 predefined	 forms.	 Disagreements	 were	 solved	 by	
consensus-	based	 discussion.	We	 did	 not	 perform	 a	 formal	 risk	 of	
bias	 assessment	 since	 the	 certainty	 in	 studies	outcome	 results	 do	
not	have	an	impact	in	our	main	objective.

Statistical analysis

Data	from	individual	studies	was	pooled	using	STATA	software	18.0	
and	random-	effect	meta-	analyses	were	performed	weighted	by	the	
inverse	variance	to	estimate	pooled	proportion	of	females	and	95%	
confidence	interval	(95%	CI).	Heterogeneity	was	assessed	through	I2 
statistics,	which	measures	the	percentage	of	total	variation	between	
studies	attributed	to	 interstudy	heterogeneity	rather	than	random	
heterogeneity	[28].

Subgroup	 analyses	 were	 performed	 according	 to	 the	 type	 of	
infusion	 therapy	 and	 study	 type	 design	 (controlled	 versus	 non-	
controlled studies).

RESULTS

Study selection

The	search	yielded	a	total	of	10,289	records.	After	title	and	abstract	
screening,	143	studies	were	selected	for	full-	text	assessment,	of	which	
128	were	rejected,	and	15	fulfilled	our	inclusion	criteria	(Figure 1).

Study characteristics

The	main	studies	characteristics	are	reported	in	Table 1.
Overall,	the	15	studies	enrolled	a	total	of	1637	patients.	Twelve	

out	of	 these	15	studies	where	RCTs	 (which	 included	67.5%	of	 the	
total	patients),	while	the	remain	three	studies	were	non-	controlled	
studies.	Six	studies	evaluated	subcutaneous	levodopa	(n = 1025	pa-
tients	 overall)	 [29–34],	 six	 evaluated	 LCIG	 (n = 454)	 [35–40], two 
evaluated	CAI	(n = 149)	[41, 42],	and	one	evaluated	LECIG	(n = 9)	[43].

F I G U R E  1 Search	queries	flowchart.	CAI,	Subcutaneous	apomorphine;	LCIG,	Levodopa-	carbidopa	intestinal	gel;	LECIG,	Levodopa-	
entacapone-	carbidopa	intestinal	gel;	PEJ,	Percutaneous	endoscopic	jejunostomy.
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The	proportion	of	 females	across	 studies	varied	between	17%	
and	 56%,	 with	 only	 two	 studies	 including	 a	 majority	 of	 females	
(52.4%	and	55.8%)	[38, 40].	Only	of	the	RCTs	explored	differences	
between	sexes	on	the	outcome	results	[42].

Female representativeness

The	 pooled	 proportion	 of	 females	 included	 in	 studies	 evaluating	
infusion	therapies	for	people	with	advanced	PD	was	38%	(95%	CI:	
33%–43%;	 I2 = 74%;	Figure 2). There was no strong evidence that 
this	female	representativeness	was	significantly	different	between	
studies	 evaluating	 different	 infusion	 therapies	 (p = 0.70;	 Figure 3) 
or	between	 studies	with	different	 designs	 (controlled	 versus	non-	
controlled studies) (p = 0.35;	Figure 4).

DISCUSSION

To	the	best	of	our	knowledge,	this	is	the	first	systematic	review	on	
female	sex	representativeness	 in	 infusion	therapies	 in	people	with	

PD.	In	general,	although	a	growing	number	of	females	is	included	in	
clinical	trials,	especially	in	RCTs,	the	number	is	still	not	balanced	be-
tween	man	and	females	(usually	3:7).	Importantly,	very	few	studies	
report	about	subgroup	analysis	of	efficacy	depending	on	biological	
sex,	although	we	recognise	 that	data	 from	subgroup	analysis	have	
important	limitations	[44].	When	reported,	none	of	the	studies	de-
scribed	sex	differences	among	participants.

The	inclusion	of	females	in	clinical	trials	has	been	a	longstanding	and	
critical	issue,	with	two	primary	concerns	[45].	Firstly,	there's	the	recogni-
tion	of	potential	sex-	based	differences	in	how	treatments	affect	individ-
uals,	underscoring	the	need	for	diverse	representation	in	trials.	Secondly,	
particularly	in	females	of	childbearing	age,	there's	a	valid	concern	about	
the	risk	of	exposing	foetuses	to	investigational	drugs.	Many	disorders	ex-
hibit	varying	treatment	responses	between	males	and	females,	though	
the	 full	 extent	 of	 these	differences	 remains	 elusive	 [46].	While	 some	
studies	may	lack	the	sample	sizes	necessary	to	discern	moderate	effects	
within	subgroups,	existing	literature	consistently	advocates	for	analysing	
treatment	outcomes	separately	in	both	males	and	females.

Overall,	we	found	a	1.49:1	male-	to-	female	ratio	(ranging	from	
1.03:1	 in	 LCIG	 to	 1.76:1	 in	 subcutaneous	 levodopa).	 The	 lat-
est	 systematic	 review	 of	 PD	 prevalence	 1.18:1	 male-	to-	female	

F I G U R E  2 Forest	plot	on	the	proportion	of	females	included	in	all	the	studies.
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F I G U R E  3 Subgroup	analysis	of	the	proportion	of	females	included	in	the	different	treatments	considered.
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prevalence	 ratio	 [47],	 which	 means	 that	 even	 considering	 the	
overall	higher	frequency	of	PD	in	males,	females	are	still	under-
represented	 in	 most	 trials.	 Therefore,	 there	 could	 be	 determi-
nants,	other	than	prevalence,	of	this	difference,	such	as	cultural,	
ethnical,	related	to	healthcare	access	or	differences	in	healthcare	
approaches	 among	 medical	 professionals	 across	 the	 globe	 [48, 

49].	 Furthermore,	 patient's	 preferences	 could	 be	 considered	 to	
explain	 at	 least	 part	 of	 this	 difference,	 as	 females	 often	 prefer	
and	are	more	frequently	treated	with	less	invasive	or	aggressive	
treatment	options	 in	comparison	 to	males	due	 to	differences	 in	
patient's	 values	 and	preferences	 [50, 51].	However,	we	 found	a	
lower	male	 to	 female	 ratio	 in	more	 invasive	 techniques	 such	 as	

F I G U R E  4 Subgroup	analysis	of	the	proportion	of	females	included	in	the	different	study	designs.
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LCIG	 (1.04:1)	 and	 LECIG	 (1.25:1)	 than	 subcutaneous	 levodopa	
(1.76:1)	and	apomorphine	(1.52:1).

Conversely,	Meinert	and	colleagues,	performed	a	systematic	re-
view	in	mid-	1990's	and	argued	there	was	little	evidence	to	support	
the	 notion	 that	 females	were	 underrepresented	 in	 trials	 [52]. The 
authors	 reported	65.3%	 trials	 including	males	 and	 females,	 10.1%	
involving	only	males	and	10.7%	involving	only	females.	There	was,	
however,	a	tendency	for	smaller	trials	to	be	male	only	and,	although,	
for	instance,	in	trials	for	heart	disease,	64%	involved	both	male	and	
female	patients,	13.9%	of	trials	included	only	males	and	0.08%	only	
females.	Regarding	the	prevalence	of	females	included	in	the	trials	
that	recruited	both	sexes,	this	seemed	to	vary	according	to	the	dis-
ease,	and	while	in	oncology	females	outnumbered	males	in	1.55	to	1,	
in	cardiology,	males	outnumbered	females	in	3.66	to	1	[52].

A	systematic	review	of	representation	of	females	with	PD	in	RCTS	
found	 a	 similar	 asymmetry.	 Tosserams	 and	 colleagues	 reported	 that,	
when	 evaluating	 trials	 published	 since	 2010,	 the	majority	 (55.7%),	 re-
cruited	over	59%	of	males	[45].	In	our	study,	the	percentage	of	females	
included	in	the	studies	oscillated	between	30%–40%.	This	is	similar	to	
reports	from	studies	about	other	advanced	therapies	in	PD.	In	a	recently	
published	study	from	Germany,	the	proportion	of	females	enrolled	for	
DBS	study	in	PD	was,	similarly,	30%	[53].	While	both	males	and	females	
profited	from	the	procedure	when	it	comes	to	motor	performance,	only	
females	improved	in	general	cognition,	while	men	improved	in	terms	of	
depressive	symptoms	and	impulsivity.	Likewise,	the	inclusion	of	female	
patients	in	infusion	therapies	in	PD	is	lower	than	the	one	found,	for	in-
stance,	in	Alzheimer's	disease—where	59%	of	the	participants	recruited	
were	 female	 [54, 55].	However,	 even	 in	 this	 case,	 if	we	 consider	 that	
62%–68%	of	the	patients	with	Alzheimer's	disease	are	females,	this	value	
Is	higher	than	the	proportion	of	females	included	in	clinical	trials	[54].

Future directions

As	we	consider	 future	approaches	 to	addressing	 this	disparity,	we	
have	identified	five	key	strategies	worth	exploring.

Sex-	specific	research	and	clinical	trials

Future	 research	 efforts	 should	 prioritize	 the	 inclusion	 of	 an	 adequate	
representation	of	females.	This	involves	designing	studies	with	balanced	
sex	 ratios	 and	conducting	 subgroup	analyses	 to	assess	 treatment	effi-
cacy,	safety,	and	tolerability	specifically	in	female	participants.	Moreover,	
exploring	potential	sex-	based	differences	in	disease	progression,	symp-
tomatology,	and	treatment	response	can	provide	valuable	 insights	 into	
tailoring	infusion	therapies	to	meet	the	unique	needs	of	females	with	PD.

Understanding	biological	mechanisms

Investigating	the	biological	mechanisms	underlying	sex-	based	differ-
ences	in	PD	pathophysiology	and	treatment	response	is	crucial.	This	

includes	exploring	the	influence	of	sex	hormones	(both	endogenous	
and	 exogenous),	 genetic	 factors,	 and	 neurobiological	 pathways	 on	
disease	progression	and	therapeutic	outcomes.	Identifying	biomark-
ers	that	predict	treatment	response	in	females	can	guide	personalized	
treatment	approaches	and	enhance	clinical	decision-	making.

Addressing	socioeconomic	and	cultural	factors

Socioeconomic	and	cultural	factors	may	contribute	to	the	underrep-
resentation	of	 female	 in	 infusion	therapies	 for	PD.	Future	research	
should	examine	barriers	to	access,	including	disparities	in	healthcare	
access,	financial	constraints,	and	cultural	beliefs	that	may	dispropor-
tionately	affect	females.	 Implementing	targeted	interventions,	such	
as	 educational	 programs,	 financial	 assistance,	 and	 community	 out-
reach	initiatives,	can	help	address	these	barriers	and	promote	equita-
ble	access	to	infusion	therapies	for	all	individuals	with	PD.

Developing	sex-	sensitive	treatment	guidelines

Developing	sex-	sensitive	 treatment	guidelines	 for	PD	 infusions	and	
device aided therapies in general can help healthcare providers opti-
mize	treatment	management	for	female	patients.	This	involves	tailor-
ing	treatment	regimens,	dosing	strategies,	and	monitoring	protocols	
to	 account	 for	 sex-	specific	 differences	 in	 disease	 presentation	 and	
response	to	therapy.	Collaboration	among	healthcare	professionals,	
patient	advocacy	groups,	and	regulatory	agencies	is	essential	to	de-
velop	and	implement	these	guidelines	effectively.

Promoting	gender	diversity	in	PD	research

Efforts	to	promote	sex	diversity	in	PD	research,	including	increasing	
the	 representation	of	 female	and	gender-	diverse	 investigators	 and	
research	participants,	are	essential.	Funding	agencies,	academic	in-
stitutions,	and	research	organizations	can	support	 initiatives	aimed	
at	enhancing	diversity	and	inclusion	in	PD	research	through	targeted	
funding	opportunities,	mentorship	programs,	and	training	initiatives.	
By	 fostering	sex	and	gender	diversity	 in	 research,	we	can	 improve	
our	understanding	of	 sex	and	gender-	based	differences	 in	PD	and	
advance	the	development	of	personalized	treatment	strategies.

CONCLUSION

Females	continue	to	be	underrepresented	in	PD	clinical	trials	including	
those	 for	 infusion	 therapies.	Effectively	 addressing	 this	underrepre-
sentation necessitates a holistic approach spanning research, clinical 
practice,	 and	policy	development.	This	 can	be	achieved	by	prioritiz-
ing	research	methodologies	that	account	for	sex	differences,	fostering	
inclusivity	in	clinical	trial	recruitment,	and	tackling	socioeconomic	and	
cultural	barriers	to	access.	By	implementing	these	measures,	we	can	
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strive	 towards	 achieving	equitable	 and	optimal	 treatment	outcomes	
for	all	individuals	affected	by	PD,	irrespective	of	their	sex	or	gender.
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