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Abstract
Background: We	aimed	to	evaluate	the	effect	of	zonisamide	(ZNS)	on	motor	symp-
toms and nonmotor symptoms such as depressive symptoms and sleep problems in 
Parkinson’s	disease	(PD)	patients	with	or	without	tremor.
Methods: We	conducted	a	3-month,	open-label	study	to	assess	the	effects	of	ZNS	
on	motor	symptoms,	depressive	symptoms	and	sleep	problems.	Twenty	 levodopa-
treated	PD	patients	with	motor	fluctuation	completed	the	study.	Patients	received	
25–50	mg/day	of	ZNS	and	were	assessed	for	the	Japanese	version	of	the	Movement	
Disorder	 Society	 Revision	 of	 the	 Unified	 PD	 Rating	 Scale	 (MDS-UPDRS)	 parts	 I,	
III,	 and	 IV,	PD	Sleep	Scale	 (PDSS)-2,	Beck	depression	 inventory-2	 (BDI-II),	 and	PD	
Questionnaire	(PDQ-8)	at	baseline	and	after	1,	2	and	3	months	of	treatment.	Patients	
were	categorized	into	the	tremor	group	and	nontremor	group	to	assess	changes	in	
clinical parameters.
Results: At	3	months,	the	scores	on	the	MDS-UPDRS	parts	I,	III	and	IV	significantly	
improved	and	off-time	reduced	compared	to	baseline.	Additionally,	the	PDSS-2	total	
score	significantly	decreased	at	3	months.	Although	there	were	no	significant	differ-
ences	in	changes	in	UPDRS	part	I,	III,	or	IV	between	the	groups	after	ZNS	treatment,	
the	tremor	group	had	significant	improvements	in	PDSS-2	at	3	months	and	BDI-II	at	
1,	2	and	3	months	compared	with	the	nontremor	group.
Conclusion: We	showed	the	beneficial	effects	of	ZNS	on	motor	symptoms	and	sleep	
problems	in	levodopa-treated	PD	patients	with	motor	fluctuation.	ZNS	may	be	more	
effective	for	several	nonmotor	symptoms	in	PD	patients	with	tremor	compared	with	
those without tremor.
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1  | INTRODUC TION

Zonisamide	 (ZNS)	 has	 been	 licensed	 for	 treating	motor	 symptoms	
in	 Parkinson’s	 disease	 (PD).	 Additionally,	 50	mg/day	 ZNS	 reduced	

off-time	 in	 a	 randomized	double-blind	 study	 (Murata	et	 al.,	 2015).	
In	a	double-blind,	placebo-controlled	trial,	ZNS	reduced	tremor	am-
plitude	in	patients	with	essential	tremor	(Zesiewicz	et	al.,	2007).	In	
four	of	six	patients	 (66.7%)	with	PD	who	had	a	history	of	postural	
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or	action	tremor	at	least	5	years	before	the	onset	of	PD,	tremor	(in-
cluding	action,	postural	and	resting)	improved	after	ZNS	treatment	
(Bermejo,	2007).	However,	whether	ZNS	has	differential	effects	in	
PD	patients	with	and	without	tremors	has	not	yet	been	studied.

Additionally,	 few	 studies	 have	 assessed	 the	 effects	 of	 ZNS	on	
nonmotor	symptoms	(Bermejo	et	al.,	2010).	In	this	study,	we	aimed	
to	evaluate	the	effect	of	ZNS	on	motor	symptoms,	depressive	symp-
toms	and	sleep	problems	in	patients	with	PD.

2  | METHODS

We	conducted	a	3-month,	open-label	study	to	assess	the	effects	of	
ZNS	on	motor	symptoms,	depressive	symptoms	and	sleep	problems.	
This	 study	 was	 performed	 in	 accordance	 with	 the	 Declaration	 of	
Helsinki	and	approved	by	the	institutional	review	board	of	Dokkyo	
Medical	University.	All	 the	participants	provided	written	 informed	
consent	 for	participating	 in	 this	study.	From	January	2018	to	May	
2019,	21	levodopa-treated	PD	patients	with	wearing	off	symptoms	
(9	M/12	F;	age	69.1	±	8.1	years)	were	 recruited.	PD	patients	with	
psychosis	or	dementia,	defined	as	scores	of	20	or	lower	on	the	Mini-
Mental	State	Examination	(MMSE),	were	excluded.	At	the	beginning	
of	the	study,	participants	received	25	mg/day	ZNS,	and	 increasing	
the	dose	to	50	mg	after	1	month	was	suggested.	Other	dopaminergic	
treatments were unchanged during this study. Except for one patient 
who	was	discontinued	due	to	subjective	feelings	of	lack	of	efficacy,	
20	PD	patients	(8	M/12	F)	completed	this	3-month	study.

A	 PD	 diagnosis	 was	 made	 by	 board-certified	 neurologists	 ac-
cording	 to	 the	UK	Brain	Bank	Clinical	Diagnostic	Criteria	 (Hughes	
et	 al.,	 1992)	 and	 atypical	 parkinsonian	 syndrome,	 vascular	 parkin-
sonism or drug-induced parkinsonism were carefully excluded by 
history	 taking,	 clinical	 examination	 and	 brain	 imaging	 studies.	 All	
patients	were	evaluated	with	Hoehn	and	Yahr	(HY)	staging	and	the	
Japanese	version	of	the	Movement	Disorder	Society	revision	of	the	
Unified	 PD	 Rating	 Scale	 (MDS-UPDRS)	 parts	 I	 (nonmotor	 experi-
ences	of	daily	living),	III	(motor	examination)	and	IV	(motor	compli-
cations)	at	each	visit	(Kashihara	et	al.,	2014).	Off-time	was	obtained	
from	the	MDS-UPDRS	part	 IV.	For	motor	examination,	 the	tremor	
score	(subitems	3.15–3.17),	rigidity	score	(subitems	3.3a–e),	bradyki-
nesia	score	(subitems	3.4–3.8	and	3.14)	and	axial	score	(subitems	3.1,	
3.2,	and	3.9–3.13)	were	obtained	by	summing	the	subitems	of	MDS-
UPDRS	part	III.	Additionally,	all	the	participants	completed	the	PD	
Sleep	Scale-2	(PDSS-2;	Suzuki	et	al.,	2012)	to	assess	sleep	problems,	
PD	Questionnaire-8	(PDQ-8;	Katsarou	et	al.,	2004)	to	assess	quality	
of	 life	and	Beck	depression	 inventory	 (BDI)-II	 to	assess	depressive	
symptoms	at	each	visit.	The	levodopa	equivalent	dose	(LED)	was	cal-
culated	for	each	patient	(Tomlinson	et	al.,	2010).

The	patients	were	categorized	 into	 the	tremor	group	and	non-
tremor	 group,	 and	 changes	 in	 clinical	 parameters	 were	 compared	
between the groups. The tremor group was defined as a score of 
one	point	or	greater	on	the	MDS-UPDRS	part	III	subitems	3.15,	3.16,	
and	3.17.

2.1 | Statistical analysis

Unpaired t tests and Fisher’s exact tests were employed for 2-group 
comparisons where appropriate. The results for the clinical param-
eters	including	the	MDS-UPDRS	parts	I,	III	and	IV,	off-time,	PDSS-2,	
BDI-II,	PDQ-8	at	baseline	and	after	1,	2	and	3	months	were	analyzed	
using	repeated	measures	ANOVA	followed	by	Bonferroni's	multiple	
comparison tests. The clinical parameters between the tremor group 
and	the	nontremor	group	were	compared	at	baseline	and	after	1,	2	
and	3	months	using	two-way	repeated	measures	ANOVA	followed	
by	Bonferroni’s	multiple	comparison	tests.	We	have	analyzed	effect	
size	 statistics	 generalized	 eta	 squared	 (�2

G
) for two-way repeated 

measures	ANOVA.	To	evaluate	a	relationship	between	improvement	
in	 tremor	and	nonmotor	symptoms,	correlations	between	changes	
from	baseline	to	3	months	in	tremor	score	(sum	of	MDS-UPDRS	III	
items	3-15–3.17)	and	in	MDS-UPDRS	part	I,	PDSS-2	and	BDI-II	were	
evaluated	by	Spearman's	rank	correlation.	Two-tailed	p values <.05 
were	 considered	 statistically	 significant.	 GraphPad	 Prism	 for	Mac	
(Version	8;	GraphPad	Software)	was	used	for	statistical	analyses	and	
figures.

3  | RESULTS

Twelve	 (60%)	 and	 8	 (40%)	were	 treated	with	 25	 and	 50	mg	 ZNS,	
respectively. The clinical background of the patients is shown in 
Table	 1.	 There	 was	 no	 significant	 difference	 in	 the	 dose	 of	 ZNS	
between	 tremor	 and	 nontremor	 groups	 (37.5	 ± 13.2 mg/day vs. 
32.5 ±	 12.1	mg/day,	p =	 .38).	The	mean	disease	duration	and	HY	
stage were 5.6 ± 3.2 years and 2.6 ±	 0.8,	 respectively.	 Repeated	
measures	 ANOVA	 followed	 by	 Bonferroni’s	 tests	 showed	 that	 at	
3	months,	the	scores	on	the	MDS-UPDRS	parts	I	(−2.1	points	from	
baseline),	 III	 (−15.0	 points	 from	baseline)	 and	 IV	 (−1.3	 points	 from	
baseline)	 significantly	 improved	 and	 off-time	 reduced	 (−60.3	 min	
from	 baseline)	 compared	 to	 baseline	 (Figure	 1).	 The	MDS-UPDRS	
part	III	tremor,	rigidity,	bradykinesia	and	axial	scores	improved	at	1,	2	
and	3	months	compared	with	baseline	(Figure	S1).	The	PDSS-2	score	
also	significantly	decreased	at	3	months	 (3.4	points	from	baseline;	
Figure	2).	There	was	no	significant	difference	in	the	BDI-II	or	PDQ-8	
scores at any time point.

The	MDS-UPDRS	part	IV	score	was	lower	and	the	PDSS-2	score	
was	higher	in	the	tremor	group	than	in	the	nontremor	group.	Other	
clinical	factors,	including	the	HY	stage	or	MDS-UPDRS	part	I	or	III	
score,	were	not	significantly	different	between	the	tremor	and	non-
tremor groups. There were no significant differences in the main 
effects	for	group	or	time	or	interactions	(group	×	time)	for	the	MDS-
UPDRS	part	 I,	 III	 or	 IV,	 off-time	or	PDQ-8	measures	between	 the	
tremor	and	nontremor	groups	by	2-way	repeated	measures	ANOVA	
(data	not	shown).	However,	significant	main	effects	for	group	(PDSS-
2,	F(1,	18)	=	4.961,	p <	 .0001,	�2

G
 =	0.21;	BDI-II,	F(1,	18)	=	10.24,	

p =	.0050,	�2
G
 =	0.01)	and	time	(PDSS-2,	F(3,	54)	=	8.518,	p <	.0001,	

�
2
G
 =	 0.08;	BDI-II,	F(3,	 54)	=	 3.059,	p =	 .0359,	�2

G
 =	 0.02)	 and	 the	
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interactions	(PDSS-2,	F(3,	54)	=	3.852,	p =	.0143,	�2
G
 =	0.02;	BDI-II,	

F(3,	54)	=	4.985,	p =	.0040,	�2
G
 =	0.04)	were	shown	for	the	PDSS-2	

and	BDI-II	 scores	 by	2-way	 repeated	measures	ANOVA.	Post	 hoc	
Bonferroni’s	 multiple	 comparison	 tests	 showed	 that	 the	 tremor	
group,	compared	with	the	nontremor	group,	had	a	significant	differ-
ence	in	PDSS-2	scores	at	3	months	(difference,	7.4	points)	and	BDI-II	

scores	at	1	month	(difference,	6.5	points),	2	months	(difference,	7.5	
points)	 and	3	months	 (difference,	9.2	points)	 (Figure	3).	We	 found	
a correlation between mean changes from baseline to 3 months in 
tremor	 score	 (sum	of	MDS-UPDRS	part	 III	 item	3.15–3.17)	 and	 in	
PDSS-2	(r =	0.71,	p <	.001)	and	in	BDI-II	(r =	.71,	p <	.001)	but	not	in	
MDS-UPDRS	part	I	(r =	.35,	p =	.13).

PD (n = 20)
Tremor group 
(n = 10)

Nontremor group 
(n = 10)

Sex	(M/F) 8/12 4/6 4/6

Age	(years) 70.4	±	5.8 69.2 ±	5.4 71.6	± 6.3

Disease	duration	(years) 5.6 ± 3.2 5.8	± 3.6 5.6 ± 3.0

Hoehn	and	Yahr	stage 2.6 ±	0.8 2.6 ± 1.0 2.7	±	0.7

MMSE 26.4	± 2.5 25.9 ±	2.8 26.6 ±	2.4

Levodopa	equivalent	dose	
(mg/day)

469.1	± 261.3 460	± 255.3 478.1	±	280.7

MDS-UPDRS	part	I 13.0 ± 5.3 14.0	±	5.8 11.9 ±	4.9

MDS-UPDRS	part	III 38.8	±	14.3 38.8	±	14.3 38.8	±	14.3

MDS-UPDRS	part	IV 4.7	± 2.5 3.1 ± 1.2 6.2 ±	2.4**

PDQ-8	mean	index 29.7	± 22.1 43.4	±	16.4 34.2	±	10.8

PDSS-2 20.0 ± 9.6 25.2 ±	9.4 14.8	±	6.6*

BDI-II 17.1	±	8.6 20.6 ±	8.7 13.5 ±	7.1

Data	are	expressed	as	the	mean	± SD	(range)
BDI-II,	Beck	depression	inventory-2;	MDS-UPDRS,	Movement	Disorder	Society	revision	of	the	
Unified	PD	Rating	Scale;	MMSE,	Mini-Mental	State	Examination;	PDQ-8,	PD	Questionnaire	8;	
PDSS-2,	PD	Sleep	Scale-2.
*p <	.05;	**p < .01. 

TA B L E  1   Patient background

F I G U R E  1  Changes	in	MDS-UPDRS	
parts	I,	III	and	IV	scores	and	off-time	
after	ZNS	treatment.	*p <	.05;	**p < .01; 
***p < .001. Error bars represent standard 
errors of the mean
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4  | DISCUSSION

In	this	3-month	open-label	study,	we	showed	the	efficacy	of	ZNS	on	
motor symptoms and motor complications using the latest version 
of	the	MDS-UPDRS	parts	III	and	IV.	Our	results	replicated	previous	
findings	showing	the	efficacy	of	ZNS	on	motor	symptoms	and	motor	
complications	using	a	previous	version	of	the	UPDRS	parts	III	and	IV	
(Maeda	et	al.,	2015;	Murata	et	al.,	2007,	2015).	Several	parkinsonian	
motor	features,	such	as	tremor,	rigidity,	bradykinesia	and	axial	symp-
toms,	were	assessed	using	the	sum	of	several	MDS-UPDRS	part	III	su-
bitems,	all	of	which	significantly	improved	following	ZNS	treatment.

Previous studies had not assessed axial symptoms before and 
after	 ZNS	 therapy.	 Axial	 symptoms	 consist	 of	 postural	 instability,	

posture	 and	 freezing	 and	 are	 often	 unresponsive	 to	 conventional	
dopamine	 replacement	 therapy.	 However,	 we	 did	 show	 benefi-
cial	effects	of	ZNS	on	the	axial	score	on	the	MDS-UPDRS	part	 III,	
presumably	 due	 to	 nondopaminergic	 mechanisms	 of	 ZNS	 (Suzuki	
et	al.,	1992;	Yamamura	et	al.,	2009).	Although	60%	of	the	patients	
received	25	mg	ZNS	and	40%	received	50	mg	ZNS	in	our	study,	the	
reduction	in	off-time	in	our	study	at	3	months	(60.3	min	from	base-
line)	was	comparable	to	a	previous	randomized,	double-blind	study	
of	422	PD	patients,	which	found	−0.436	and	−0.719	hr	reductions	in	
off-time	at	3	months	in	the	25	and	50	mg	ZNS	groups,	respectively	
(Murata	et	al.,	2015).

One	of	 the	new	 findings	 from	 this	 study	was	 that	we	 found	a	
significant	 reduction	 in	 the	MDS-UPDRS	part	 I	 ‘‘nonmotor	experi-
ences	of	daily	 living”	 scores	 following	ZNS	 therapy.	There	was	no	
significant	difference	in	UPDRS	part	I	scores	between	baseline	and	
3	months	after	ZNS	therapy	in	a	previous	study	(Murata	et	al.,	2015);	
however,	 the	 modified	 MDS-UPDRS	 part	 I	 includes	 several	 new	
items,	such	as	anxious	mood,	dopaminergic	dysregulation	syndrome,	
urinary	problems,	constipation	and	fatigue,	compared	to	the	UPDRS	
part	I	(Kashihara	et	al.,	2014).	Thus,	the	modification	of	MDS-UPDRS	
part 1 by adding several nonmotor symptoms could have contrib-
uted to our study’s positive findings.

We	 failed	 to	 show	 significant	 differences	 following	ZNS	 treat-
ment	 in	 depressive	 symptoms	 and	 quality	 of	 life.	 However,	 we	
showed	that	ZNS	treatment	significantly	 improved	sleep	problems	
after	1,	2	and	3	months	of	ZNS	treatment.	ZNS	has	a	long-half	life	
(−60	hr)	and	a	low	potential	for	 interacting	with	other	medications	
(Brodie	et	al.,	2012)	and	has	been	reported	to	improve	daytime	motor	
and	wearing	off	symptoms	(Murata	et	al.,	2007,	2015).	Therefore,	it	
is conceivable that it can improve nocturnal motor symptoms and 
nocturnal	off	symptoms.	However,	no	previous	studies	had	focused	
on	whether	PD-related	sleep	problems	change	after	ZNS	treatment.	
In	 our	 study,	 the	 improvement	 in	 sleep	 problems	 assessed	 by	 the	
PDSS-2,	which	address	PD-specific	nocturnal	problems,	was	 likely	

F I G U R E  2  Changes	in	PDSS-2	scores	after	ZNS	treatment.	
*p <	.05;	***p < .001. Error bars represent standard errors of the 
mean

F I G U R E  3  Changes	in	BDI-II	and	PDSS-2	scores	between	the	tremor	and	nontremor	groups.	*p <	.05;	**p < .01. Error bars represent 
standard errors of the mean
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due to improvements in nocturnal motor and partly nonmotor symp-
toms and nocturnal wearing off symptoms.

Next,	we	compared	PD	patients	with	and	without	tremor,	as	ZNS	is	
known	to	improve	tremor	in	patients	with	essential	tremor	(Zesiewicz	
et	al.,	2007)	and	those	with	PD	 (Maeda	et	al.,	2015;	Mochio	et	al.,	
2012).	 Activating	 dopamine	 synthesis	 and	 moderate	 inhibition	 of	
MAO-B	are	thought	be	the	main	mechanisms	for	favorable	effects	of	
ZNS	in	PD	(Murata	et	al.,	2007).	Mechanism	for	nonmotor	symptoms	
is	still	unclear.	However,	antidepressant	effects	may	be	mediated	via	
modulating	 dopaminergic	 and	 serotonergic	 function,	 and	 indirect	
reduction	in	glutamatergic	activity	and	enhancing	GABAergic	activ-
ity	(Ghaemi	et	al.,	2006;	Okada	et	al.,	1998,	1999).	Also,	a	pilot	open	
trial	showed	efficacy	of	adjunctive	ZNS	on	refractory	anxiety	and	the	
authors suggested reduced excitatory neurotransmitters in the brain 
including	 amygdala	may	 play	 a	 role	 (Kinrys	 et	 al.,	 2007).	However,	
the	effect	of	ZNS	on	motor	and	nonmotor	 symptoms	between	PD	
patients	with	and	without	tremor	has	never	been	compared.	In	this	
study,	 although	 there	 was	 no	 significant	 difference	 in	 changes	 in	
MDS-UPDRS	part	I,	III,	or	IV	scores	or	off-time	between	the	tremor	
and	nontremor	groups	after	ZNS	treatment,	we	found	that	the	tremor	
group showed significant improvements in depressive symptoms 
and sleep problems compared with the nontremor group. We found 
that significant correlations between changes from baseline and end 
points	in	tremor	score	and	PDSS-2	and	BDI-II	scores,	supporting	the	
effectiveness	of	ZNS	on	depressive	 symptoms	and	 sleep	problems	
was likely due to reduced tremor.

As	 a	 study	 limitation,	 we	 had	 no	 healthy	 control	 group,	 and	
the	sample	size	of	the	PD	patients	was	small.	Second,	off	time	was	
obtained by face-to-face interview by neurologists and a detailed 
on-off	fluctuation	diary	was	not	used.	Third,	it	was	not	possible	to	
assess whether motor and nonmotor symptoms return to baseline 
after	 interruption	 of	 ZNS	 treatment,	 as	 many	 patients	 continued	
to	 take	 ZNS	 after	 completion	 of	 this	 study.	 Further	 prospective	
large-sample studies are needed to confirm our findings.

We	showed	 the	beneficial	 effects	of	ZNS	on	motor	 symptoms	
and	sleep	problems	in	levodopa-treated	PD	patients	with	motor	fluc-
tuation.	ZNS	may	be	more	effective	for	several	nonmotor	symptoms	
in	PD	patients	with	tremor	than	in	those	without	tremor.
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