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Abstract Mutations in glucosidase, beta, acid (GBA) are
associated with cognitive impairment in Parkinson disease
(PD) as well as dementia with Lewy bodies. For both of
these diseases, dementia and hallucinations are typically
treated with cholinesterase inhibitors and antipsychotics.
However, in some lysosomal storage disorders certain
antipsychotic medications are poorly tolerated. This study
examined cholinesterase inhibitor and antipsychotic use in
monoallelic GBA-related PD to explore potential pharma-
cogenetic relationships. Monoallelic GBA mutation carriers
with PD (GBA-PD) with at least two clinic visits (n ¼ 34)
were matched for age-of-onset and gender to GBA and
leucine-rich repeat kinase 2 (LRRK2) mutation negative
idiopathic PD subjects (IPD) (n ¼ 60). Information regarding

cholinesterase inhibitor and antipsychotic use as well as
impaired cognition (UPDRS Mentation >1) and hallucina-
tions (UPDRS Thought Disorder >1) were obtained. GBA-
PD more frequently reported hallucinations (HR ¼ 5.0;
p ¼ 0.01) and they were more likely to have cognitive
impairment but this was not statistically significant (HR
2.2, p ¼ 0.07). Antipsychotic use was not significantly
different between GBA-PD and IPD (HR ¼ 1.9; p ¼ 0.28),
but GBA-PD were more likely to have sustained cholines-
terase inhibitor use (HR ¼ 3.1; p ¼ 0.008), even after
adjustment for cognition and hallucinations. Consistent
with reports of worse cognition, GBA-PD patients are more
likely to use cholinesterase inhibitors compared to IPD.
While there was no difference in antipsychotic use between
IPD and GBA-PD, persistent use of quetiapine in GBA-PD
suggests that it is tolerated and that a significant interaction
is unlikely. Further prospective study in larger samples with
more extensive cognitive assessment is warranted to better
understand pharmacogenetic relationships in GBA-PD.

Introduction

Gaucher disease (GD) is a rare lysosomal storage disease
caused by homozygous or compound heterozygous gluco-
sidase, beta, acid (GBA) mutations. In addition to GD, both
biallelic and monoallelic GBA mutations have been linked
to Parkinson disease (PD) and dementia with Lewy bodies
(DLB): individuals with GD type 1 have an increased risk
of PD (Bultron et al. 2010), and heterozygous GBA
mutations have emerged as the most important genetic
contributor to PD and DLB risk (Sidransky et al. 2009;
Nalls et al. 2013). Estimates of the prevalence of heterozy-
gous GBA mutations in PD vary from 3 to 20% depending
on the population assessed (Sidransky et al. 2009).
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Although heterozygous GBA mutations have been consid-
ered a risk factor rather than causal for PD, a reported
penetrance as high as 30% by age 80 (Anheim et al. 2012;
Kumar et al. 2012) suggests autosomal dominant inheri-
tance with reduced penetrance.

While overall clinically similar to idiopathic PD (IPD),
PD patients with monoallelic GBA mutations (GBA-PD) as
a group have greater cognitive impairment (Sidransky et al.
2009; Neumann et al. 2009; Seto-Salvia et al. 2012;
Brockmann et al. 2011; Alcalay et al. 2012). In a
multicenter analysis of 5,691 PD subjects, cognitive
changes were more prevalent in GBA-PD (Sidransky et al.
2009), and in pathologically confirmed PD with GBA
mutations, dementia or cognitive decline was a common
finding (Neumann et al. 2009). Another study found that
GBA-PD subjects have a 6-fold greater risk of dementia
compared to IPD after adjustment for age of onset and
duration of disease (Seto-Salvia et al. 2012). Prospective
studies with quantitative assessments demonstrate greater
cognitive impairment in GBA-PD compared to IPD: GBA-
PD subjects had lower Montreal Cognitive Assessment
(MoCA) scores (Brockmann et al. 2011) and lower Mini-
Mental State Exam scores (Alcalay et al. 2012). As
cognitive impairment is associated with psychosis in PD
and GBA mutations are associated with DLB (Nalls et al.
2013; Fenelon et al. 2000), it is not surprising that there is a
high prevalence of hallucinations in GBA-PD (Neumann
et al. 2009). Cognitive impairment is also a prominent
feature of PD in patients with biallelic GBA mutations
(Saunders-Pullman et al. 2010), but this represents a much
smaller group of patients compared to those with mono-
allelic GBA mutations.

As monoallelic GBA mutations are the most important
genetic risk factor for PD and DLB, it is important to
understand the pharmacogenetic implications of GBA
mutations in these two conditions. In biallelic lysosomal
storage disorders, cationic amphiphilic drugs, which
include quetiapine and clozapine, may worsen lysosomal
function (Anderson and Borlak 2006). As a first step to
assess pharmacogenetic implications of GBA-PD, we
performed a retrospective study to determine whether
GBA-PD is associated with differential medication usage
of cholinesterase inhibitors and antipsychotic medications.

Methods

Participants. At the Movement Disorder Center at Beth Israel
Medical Center, patients with two or more Ashkenazi Jewish
grandparents who met diagnostic criteria for PD were invited
to participate in a genetic study of PD (Pankratz et al. 2002).
Consent was obtained, blood or saliva samples were
collected, and DNA was isolated and screened for the eight

common Ashkenazi Jewish GBA mutations (N370S, L444P,
84GG, IVS2+1G!A, V394L, del55bp, D409H, and
R496H) (Saunders-Pullman et al. 2010) and the leucine-rich
repeat kinase 2 (LRRK2) G2019S mutation (Ozelius et al.
2006). The institutional review board at Beth Israel Medical
Center approved the study procedures, and all subjects
provided informed consent.

After excluding subjects with symptom onset prior to
January 1990, only one clinical visit, carriers of the LRRK2
G2019S mutation, and GBA mutation homozygotes or
compound heterozygotes, 34 PD subjects with heterozy-
gous GBA mutations were identified. Each of these was
gender-matched and age-of-onset-matched (�2 years) with
at least one PD subject without GBA mutations from the
same patient population. Controls met the same criteria as
cases. Potential subjects with symptom onset prior to 1990
were excluded because quetiapine and donepezil were
approved in the USA in 1997 and 1996, respectively. The
gene status of subjects was unknown to treating clinicians
during the study period; therefore, clinical care and
treatment were provided irrespective of genotype.

Data Collection

A retrospective chart review blinded to gene status was
performed to assess demographics and UPDRS scores and
to determine: (1) the date after which subjects were rated as
having cognitive impairment for two or more consecutive
visits based on patient and/or caregiver report; (2) whether
a cholinesterase inhibitor was prescribed and compliance
reported for two or more consecutive visits; (3) the date
after which subjects reported hallucinations for two or more
consecutive visits; and (4) whether an antipsychotic
medication was prescribed and compliance reported for
two or more consecutive visits. All clinic visits prior to
April 1, 2012 were considered. In order to reduce the
likelihood of detecting a single aberrant finding or acute but
limited cognitive worsening, cognitive impairment was
defined as a United Parkinson Disease Rating Scale
(UPDRS) Mentation score (Item I.1) >1 for at least 2 visits
encompassing greater than 6 months. Similarly, hallucina-
tions were defined as a UPDRS Thought Disorder (Item
I.2) score >1 for greater than 6 months. Cholinesterase
inhibitor and antipsychotic medication usage were only
recorded if the subject reported medication use for more
than 6 months. For each date a subject met an outcome and
for the last recorded clinic date, medications and UPDRS
scores were recorded. Duration of disease was calculated by
determining the time between the date of symptom onset
and visit date. A subset of patients also had formal testing
with the MoCA. A MoCA score of <26, which was
previously identified as the optimal screening cutoff for
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mild cognitive impairment in PD (Dalrymple-Alford et al.
2010), was used to differentiate mild cognitive impairment
and dementia from normal cognition in PD. Subjects with
any missing UPDRS items were not included in analyses
utilizing motor UPDRS.

Statistical Analysis

Mann–Whitney and Chi-squared or Fisher’s exact tests
were used for bivariate comparisons of continuous and
categorical variables, respectively. Cox proportional hazard
models were applied for the outcomes of: reported
cognitive impairment, sustained psychotic symptoms, and
usage of cholinesterase inhibitor as well as atypical
antipsychotics. The predictor of interest was heterozygous
GBA mutation status. Significance of the Cox proportional
hazard models was determined using the Wald statistic with
a p value set at 0.05. All models met the proportional
hazards assumption based on Schoenfeld residuals. Analy-
ses were performed using Stata 11.1 (Statacorp, College
Station, TX, USA). Post-hoc assessment was also per-
formed in the subgroup with available MoCA scores.

Results

Demographic characteristics of GBA-PD and age-of-onset
and gender-matched IPD subjects are presented in Table 1.
As expected, there were no differences in gender distribu-

tion (p ¼ 0.76), median age of onset ( p ¼ 0.44), disease
duration (0.99), and duration of clinical follow-up
( p ¼ 0.83). Levodopa equivalent dose at last visit between
the GBA-PD and IPD groups also did not differ ( p ¼ 0.22).
There were also no significant differences between the
GBA-PD and IPD groups in the UPDRS III score
(p ¼ 0.26) at the last visit.

Of the 34 GBA-PD subjects, 27 had a mild mutation (22
with N370S and 5 with R496H) and 7 had a severe
mutation (4 with 84GG, 2 with L444P, and 1 with V394L)
(Beutler et al. 2005). Demographic characteristics of the
GBA-PD groups with mild and severe mutations are
presented in Table 2. While the duration of clinical
follow-up time was longer in the mild mutation group
compared to the severe mutation group (9.5 vs. 4.6 years,
p ¼ 0.02), there were no significant differences in gender,
age of onset, disease duration, UPDRS III, or levodopa
equivalent dose at the last visit between the two groups.

GBA-PD subjects had a significantly higher risk of
reporting hallucinations (HR ¼ 5.0; 95%CI: 1.5, 16.9)
compared to IPD subjects. GBA-PD subjects also were
more likely to report cognitive impairment, but this was not
statistically significant (HR ¼ 2.2; 95%CI: 0.8, 5.8). GBA-
PD subjects were maintained on cholinesterase inhibitor
more often than IPD subjects (HR ¼ 3.1; 95%CI: 1.3, 7.2)
(see Fig. 1). Of these, 19 received donepezil (12 GBA-PD)
and 4 received rivastigmine (2 GBA-PD). Neither adjust-
ment for the UPDRS mentation score nor presence of

Table 1 Demographics, clinical features, and medication use in GBA-PD and IPD

GBA-PD (n ¼ 34) IPD (n ¼ 60) p value

Women, n (%) 17 (50.0) 28 (46.7) 0.76

Age of onset, years 57.5 (48, 65) 59 (51, 66) 0.44

Time to first evaluation, years 2.4 (1.0, 5.7) 2.0 (1.4, 5.0) 0.90

Duration of disease, years 9.3 (5.9, 15.1) 8.4 (7.0, 12.5) 0.99

Duration of clinical follow-up, years 5.1 (3.1, 9.2) 5.4 (3.0, 8.5) 0.83

Education, n (%) 0.28
High School 4 (11.8) 2 (1.8)

Undergraduate 13 (38.2) 27 (48.2)

Graduate 17 (50.0) 27 (48.2) (n ¼ 56)

UPDRS III at last visit 20.5 (15, 30) 16 (13, 26.5) (n ¼ 52) 0.26

Levodopa equivalents at last visit, mg 715.8 (400, 1,000) 598.5 (432.5, 887.5) 0.22

Dopamine agonist at last visit, n (%) 12 (35.3) 26 (43.3) 0.29

Mentation consistently >1, n (%) 9 (26.5) 7 (11.7) 0.07

Cholinesterase inhibitor >6 months, n (%) 14 (41.2) 9 (15.0) 0.005

Hallucinations >1, n (%) 17(50.0) 18 (30.0) 0.054

Hallucinations >1 for 6 months, n (%) 9 (26.5) 4 (6.7) 0.01

Antipsychotic >6 months, n (%) 6 (17.7) 7 (11.7) 0.54

Continuous variables are reported as medians with interquartile ranges. GBA-PD Parkinson disease with heterozygous GBA mutations, IPD
idiopathic Parkinson disease, UPDRS Unified Parkinson’s Disease Rating Scale
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hallucinations at the time subjects met this outcome or at
the last visit date altered the finding that GBA-PD subjects
were more likely to use cholinesterase inhibitors
(HR ¼ 3.2; 95%CI: 1.3, 7.9).

GBA-PD were not significantly more likely be pre-
scribed an antipsychotic for greater than 6 months
(HR ¼ 1.9; 95%CI: 0.6, 5.8). Of those treated, 12 received

quetiapine (6 GBA-PD) and 1 received clozapine (IPD).
While a greater proportion of GBA-PD subjects with severe
mutations reported hallucinations and used cholinesterase
inhibitors compared to GBA-PD subjects with mild muta-
tions, the differences were not significant (see Fig. 2). As
anticipated, for the subset with available MoCA scores,
UPDRS mentation scores >1 were more frequently

Table 2 Demographics, clinical features, and medication use in GBA-PD with severe mutations versus GBA-PD with mild mutations

GBA-PD with mild mutations (n ¼ 27) GBA-PD with severe mutations (n ¼ 7) p value

Women, n (%) 11 (40.7) 6 (85.7%) 0.09

Age of onset, years 57 (48, 67) 58 (45, 62) 0.61

Time to first evaluation, years 2.5 (1.0, 6.6) 1.9 (1.1, 3.4) 0.80

Duration of disease, years 7.8 (5.0, 12.8) 11.6 (9.0, 16.9) 0.06

Duration of clinical follow-up, years 4.6 (2.3, 7.2) 9.5 (5.2, 15.0) 0.02

UPDRS III at last visit 20 (15, 32) 26 (8, 30) 0.65

Levodopa equivalents at last visit, mg 675 (400, 1,000) 733 (575, 1,330.5) 0.69

Mentation consistently >1, n (%) 8 (29.6) 1 (14.3) 0.64

AcheI >6mo, n (%) 9 (33.3) 5 (71.4) 0.10

Hallucinations >1, n (%) 11 (40.7) 6 (85.7) 0.09

Hallucinations >1 for 6 months, n (%) 7 (25.9) 2 (28.6) 1.0

Antipsychotic >6 months, n (%) 5 (18.5) 1 (14.3) 1.0

Continuous variables are reported as medians with interquartile ranges. GBA-PD Parkinson disease with heterozygous GBA mutations, UPDRS
Unified Parkinson’s Disease Rating Scale

Fig. 1 Kaplan–Meier survival curves for cognitive outcomes in GBA-PD vs. IPD
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observed in the group with MoCA scores <26 compared to
those with scores � 26 (45.5% vs 8%, p ¼ 0.04).

Discussion

Our study found no difference in sustained use of
quetiapine and clozapine between GBA-PD and IPD,
despite the fact that GBA-PD was more likely to have
sustained hallucinations. The greater use of cholinesterase
inhibitors in GBA-PD suggests that PD genotype could be
associated with differential medication use. The greater
cholinesterase inhibitor use and sustained hallucinations in
GBA-PD are consistent with previous reports of greater
cognitive impairment and hallucinations in this condition
(Sidransky et al. 2009; Neumann et al. 2009; Seto-Salvia
et al. 2012; Brockmann et al. 2011; Alcalay et al. 2012).
While greater cognitive impairment in GBA-PD is likely
related to higher cholinesterase use, the association with
cholinesterase use was maintained even when adjusted for
cognitive score, raising the possibility that additional
factors, such as better response, may be present.

In some autosomal recessive metabolic diseases, medi-
cations may worsen symptoms. For example, in Tay–Sachs
disease, treatment with risperidone, haloperidol, and chlor-
promazine may precipitate neurological worsening and
should be avoided (Shapiro et al. 2006). This effect is
postulated to result from reduction in residual lysosomal
function. Because monoallelic GBA mutations may disturb
lysosomal dysfunction (Westbroek et al. 2011), there is a
parallel concern for GBA-PD. As cationic amphiphilic
drugs, both quetiapine and clozapine tend to accumulate
in lysosomes and can interfere with lysosomal function and

autophagy (Anderson and Borlak 2006). While this study
found no difference in quetiapine and clozapine use
between GBA-PD and IPD, suggesting tolerability of this
medication in GBA-PD, we lack the data to assess whether
the response to quetiapine, both its benefit and side effect
profile, was the same in both groups.

While our study is limited by its retrospective nature and
the increased frequency of cholinesterase use is not a proxy
for efficacy, more and persistent use of cholinesterase
inhibitors in GBA-PD is consistent with the expected
response based on the prominence of Lewy body pathology
in GBA-related parkinsonism. Lewy bodies have been
reported in both monoallelic GBA-related PD and DLB
(Goker-Alpan et al. 2006; Clark et al. 2009; Poulopoulos
et al. 2012; Tsuang et al. 2012), as well as in GD1 patients
with parkinsonism, who had Lewy bodies in the cortex and
hippocampal pyramidal cell layers CA2–CA4 (Wong et al.
2004). The presence of Lewy bodies has been associated
with greater reduction in midfrontal choline acetyltransfer-
ase compared to Alzheimer’s disease (AD) pathology
(Tiraboschi et al. 2000), a rationale for better cholinesterase
inhibitor efficacy in dementia associated with PD (PDD)
and DLB compared to AD. Increased hallucinations in
GBA-PD may also be explained by the predominance of
Lewy body pathology. Evidence linking Lewy body
pathology to visual hallucinations as well as a greater
cortical cholinergic deficit helps to explain the finding that
PDD subjects with visual hallucinations showed greater
benefit from rivastigmine compared to those without visual
hallucinations (Williams and Lees 2005; Harding et al.
2002; Burn et al. 2006).

Consistent with prior studies that demonstrated greater
PD risk and earlier PD onset with severe GBA mutations

Fig. 2 Percentage of IPD and GBA-PD subjects meeting cognitive
outcomes. Bar graph representing percentage of subjects in each
group that met outcomes of UPDRS mentation score >1 for

>6 months, usage of cholinesterase inhibitor >6 months, ever having
hallucinations, UPDRS thought disorder score >1 for > 6 months,
and usage of antipsychotic medication >6 months
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(Gan-Or et al. 2009; Gan-Or et al. 2008; Barrett et al.
2013), among the GBA-PD group, 86% of those with severe
mutations reported hallucinations during clinical follow-up
compared to 41% of those with mild mutations, suggesting
a more malignant phenotype. Comparatively, a pathological
series found that the lifetime prevalence of hallucinations in
PD was 50% (Williams and Lees 2005).

While this study is retrospective and exploratory, it has
the advantages of including a large number of GBA-PD
subjects and extended follow-up time. One limitation is that
by targeted sequencing of common Ashkenazi Jewish GBA
mutations, it is possible, albeit unlikely, that there was
misclassification of IPD subjects. It is also possible that
genetic mutations linked to PD, besides those in LRRK2
and GBA, were present in the GBA-PD or IPD groups. As
this study relied on retrospective clinical information, we
did not capture short medication trials, especially those
outside routine clinic visits, nor did we formally measure
medication compliance. Therefore, we cannot assess
whether GBA-PD subjects were less likely to stop cholines-
terase inhibitors once they were started. Additionally, as
Part I of the UPDRS is determined with input from the
patient and caregiver, and the source of information was not
systematically recorded, reporting bias may have affected
the mentation score. Lastly, clinician practice was not
standardized and may have evolved over time; however,
this would not be expected to differentially affect our
comparison groups as they were both sampled from the
same time period. To address the need for standardization
in the assessment of neuropsychiatric symptoms, a prospec-
tive study evaluating cognitive outcomes and medication
effects, including detailed pre- and post-medication assess-
ment of the quality and frequency of psychotic symptoms,
cognition with neuropsychological testing, and adverse
events, is warranted. Further studies will also be necessary
to determine if cholinesterase inhibitor use is increased in
GBA-PD secondary to increased dementia, better response
to treatment, or a combination of both.
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