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Abstract

drug-related.

Gaucher disease (GD) is caused by deficiency of beta-glucocerebrosidase (GCase) due to biallelic variations in the
GBAT gene. Parkinson’s disease (PD) is the second most common neurodegenerative condition. The classic motor
symptoms of PD may be preceded by many non-motor symptoms (NMS), which include hyposmia, rapid eye
movement (REM) sleep behavior disorder, constipation, cognitive impairment, and depression. Population studies
have identified mutations in GBAT as the main risk factor for idiopathic PD. The present study sought to evaluate
the prevalence of NMS in a cohort of patients with GD type 1 from Southern Brazil.

Methodology: This is an observational, cross-sectional study, with a convenience sampling strategy. Cognition was
evaluated by the Montreal Cognitive assessment (MoCa), daytime sleepiness by the Epworth Scale, depression by
the Beck Inventory, constipation by the Unified Multiple System Atrophy Rating Scale, and REM sleep behavior
disorder by the Single-Question Screen; hyposmia by the Sniffin” Sticks. Motor symptoms were assessed with part Il
of the Unified Parkinson’s Disease Rating Scale. All patients were also genotyped for the GBAT 3-UTR SNP (rs708606).

Results: Twenty-three patients (female = 13; on enzyme replacement therapy = 21, substrate reduction therapy = 2)
with a mean age of 4145 + 15.3 years (range, 22-67) were included. Eight patients were found to be heterozygous for
the 3-UTR SNP (rs708606). Fourteen patients (8 over age 40 years) presented at least one NMS; daytime sleepiness was
the most frequent (n = 10). Two patients (aged 63 and 64, respectively) also presented motor symptoms, probably

Conclusions: NMS were prevalent in this cohort. We highlight the importance of a multidisciplinary follow-up focusing
on earlier diagnosis of PD, especially for patients with GD type 1 over the age of 40.
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Introduction

Gaucher disease (GD, OMIM 230800) is caused by defi-
cient activity of beta-glucocerebrosidase (GCase) due to
biallelic pathogenic variants in the GBAI gene located at
chromosome 1q21. GD is one of the most common lyso-
somal disorders, with an estimated worldwide incidence
of 1 case per 57,000 live births [1, 2]. Three clinical
forms of GD are conventionally classified based on the
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neurological involvement. Type 1 is considered non-neu-
ronopathic, whereas types 2 and 3 are considered the
neuronopathic forms [3]. More than 400 mutations in
the GBAI have been described, with c.1226A>G
(N370S) being the most frequent in the GD type 1 popu-
lation [4].

Parkinson’s disease (PD) is the second most common
neurodegenerative condition, affecting 2% of the popula-
tion over age 60 years and 4% of the population over age
80 [5]. The motor symptoms of PD are preceded by a
prodromal period of up to 20years. The so-called
non-motor symptoms (NMS) that occur during this pro-
drome, such as hyposmia, rapid eye movement (REM)
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sleep disorder, daytime drowsiness, constipation, depres-
sion, and anxiety, may represent the beginning of the
pathological process of PD [6-8].

Population studies have identified GBAI mutations as
the main risk factor for idiopathic PD (iPD). Carriers for
mutations in GBAI and patients with GD have a lifetime
relative risk of developing PD greater than that of the
overall population, which depends on the age (for in-
stance, the penetrance of PD in heterozygous carriers of
GtBA1 mutations is estimated at 13.7% at the age of 60
and 29.7% at the age of 80) and on the the mutations
(the odds ratios for PD in GBAI mutation heterozygous
ranged between 2.84 and 21.29 depending on the sever-
ity of the mutation) [9-12]. A small cohort study also
suggested that not only mutations in exonic regions but
also a single nucleotide polymorphism (SNP) in the
3’-UTR of GBAI (rs708606) in the intron-exon bound-
aries is implicated in the cognitive symptoms of PD [13].

Within this context, our main objective was to evalu-
ate the prevalence of NMS of PD in a cohort of Brazilian
patients with GD type 1.

Materials and methods

This is an observational, cross-sectional study. All pa-
tients with GD type 1 seen at the Reference Center for
GD in Rio Grande do Sul, Brazil, were invited to
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participate during their routine follow-up visits from
March to August 2018. Patients were required to meet
the following inclusion criteria: a) GD diagnosis con-
firmed by low GCase activity in leukocytes or fibroblasts
and/or genetic analysis; and b) age 18 years or older. The
exclusion criteria were: a) history of parkinsonian mani-
festations, as previously reported in medical records; b)
known diagnosis of PD; and c) pregnancy. Figure 1
shows a flow diagram of patient enrollment.

Patients who agreed to participate in the study were
evaluated by a single doctor (MW) who collected clinical
data, such as family history of PD and the presence of
parkinsonian manifestations. Motor symptoms of PD
were assessed with part III of the Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS III). All patients
who scored higher than 0 were referred to a neurologist
for further evaluation. Patients were also asked to
complete self-report questionnaires to evaluate the fol-
lowing NMS of PD: cognition, daytime sleepiness, de-
pression, constipation, and REM sleep behavior disorder,
evaluated respectively by the Montreal Cognitive assess-
ment (MoCa, cutoff for cognitive impairment < 26), the
Epworth Sleepiness Scale (ESS, cutoff point >10), the
Beck Depression Inventory (BDI) (cutoff for depression
> 14), the subscale of the Unified Multiple System Atro-
phy Rating Scale (UMSARS, cutoff for constipation >2)
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and the validated Single-Question Screen (RBD-1Q). If the
patient answered “yes” to the RBD-1Q question, further in-
vestigation with polysomnography (PSG) was offered.

Hyposmia was assessed with the 12-item Sniffin’ Sticks
smell identification test (cut off for hyposmia <9/12).
Patients who scored below the cutoff were referred to an
ENT doctor to rule out anatomic defects of the airway.

Data on duration of treatment, GD severity, demo-
graphic and epidemiological variables, physical and
neurologic examination, and laboratory parameters were
obtained by a review of medical records. All patients
seen at the Reference Center for GD have the GBAI
gene genotyped through next-generation sequencing
(NGS); presence of the 3'-UTR SNP (rs708606; wild
form: C, alternative form: T), already described in the lit-
erature, was assessed in the Integrative Genomics Viewer
(IGV) software.

This study was approved by the local ethics committee.

Statistical analysis

Numerical variables with normal distribution were
expressed as means and standard deviations. For tests
where at least 15% of patients had abnormal results,
both groups of patients were compared regarding clin-
ical and laboratory findings (hemoglobin, platelet, chito-
triosidase, GD severity scores, duration of treatment,
current age, age at diagnosis).

The difference between groups was assessed with
the Mann—Whitney U test for independent variables.
The level of statistical significance was set at 5% for
all analyses. Statistical calculations were carried out
in PASW Statistics for Windows, Version 18.0.

Results

Twenty-three patients were included in this study
(Table 1). The mean age of the sample was 41.4+
15.3 years (range, 22—67) with a mean time of treat-
ment duration of 11.5+ 6.0 years (range, 3-24). The
mean age at onset of GD symptoms was 16.7 + 14.1
years (range, 2—48). A family history of PD was re-
ported by two patients, in second-degree relatives, but
these individuals were not available for clinical evalu-
ation. The majority of patients (# =22/23) had at
least one N370S allele, with the most common geno-
type being N370S/RecNcil (n =10/23). Eight patients
were heterozygous for the 3'-UTR SNP in GBAI
(rs708606); of these, six had at least one NMS of PD.
There was no significant association between this
finding and clinical or laboratory parameters.

The summary of the findings on the NMS of PD is
provided in Table 2. Nine patients did not have any
NMS (mean age = 35.6 years), five had one NMS (mean
age = 42.6 years), six had two NMS (mean age=42.8
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years), and three patients presented with three or more
NMS (mean age = 59.3 years). REM sleep behavior dis-
order was reported by four patients. The only patient for
which PSG results were available was patient #8; he pre-
sented cervical myoclonus in REM sleep which was con-
sidered as a variant of normality. Depressive symptoms
were identified in five others, only one of whom was on
antidepressants. Seven patients had a MoCa score < 26
(range, 19-23); these had a mean educational attainment
of 5.0 +1.2years, versus 10.5+3.6years in the group
with MoCa >26.

A lower MoCa score was associated with greater
GD severity as measured by the SSI (Zimran Severity
Score Index, mean score 5.3 +3.6 in the MoCa <26
group vs. 1.6 + 1.7 in the MoCa 226 group, p =0.016)
and DS3 scores (mean score 2.7 +2.1 in the MoCa <
26 group vs. 0.7 +0.9 in the MoCa >26 group, p =
0.013), as well as with older age at diagnosis (mean
age, 42 + 17 years in the MoCa <26 group vs. 24+ 16
years in the MoCa 226 group, p =0.028). Constipa-
tion was identified in three patients, and daytime
sleepiness in 10 (only one patient in this group had a
BDI score > 14). Neither daytime sleepiness nor con-
stipation correlated significantly with any clinical or
laboratory parameters (data not shown).

Two patients (#20 and #21) exhibited parkinsonian
motor symptoms, and were also evaluated by a neurolo-
gist. Patient #21 had bradykinesia and loss of automatic
movements, confirmed by the specialist, but no NMS.
Patient #20 had bradykinesia and altered cognition and
daytime sleepiness scores. However, both patients were
on amlodipine, a calcium channel blocker that can
jeopardize assessment of these motor symptoms, and
will receive further evaluation.

The Sniffin’ Sticks smell identification test was abnor-
mal in two patients (scores 6/12 and 4/12). Both clinical
examination and fiberoptic nasopharyngoscopy were
performed by an otorhinolaryngologist. Chronic sinusitis
and atopic epithelium were identified on physical exam-
ination of patient #19, and neither patient complained of
reduced smell perception.

Discussion

In this study, it was found a high prevalence of NMS of
PD among adult treated GD type 1 patients. The most
common NMS was daytime sleepiness, followed by cog-
nitive impairment.

In a series of five patients with concurrent GD and PD
(GD-PD), the average age of PD onset was 53.8 years,
and three patients presented with PD before the age of
50, which is earlier than what was found in other studies
[14]. Some of our patients exhibited NMS, which could
represent the beginning of the parkinsonian pathological
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Table 1 Demographic and clinical characteristics of patients with Gaucher disease type 1 (n =23)

Patient Gender Age  Genotype 3-UTR SNP  SPX Age at Treatment Current  Severity Scores Hb Plat Current ChT

(years) (rs708606) diagnosis duration  treatment W (g/dL)  (x 10%/L) activity
Allele1/Allele2 (vears) (vears) (nmol/hr./mL)

1 M 22 N370S/G202R c/C N 8 14 ERT 0 0 14.7 181 3338

2 F 23 N370S/L444P [2) N 20 3 ERT 2 0.7 132 191 4943

3 F 23 N370S/RecNcil  C/C N 7 15 ERT 0 0 M8 277 399

4 F 25 N370S/L444P c/C N 15 10 ERT 0 0 132 152 389

5 M 26 N370S/IVS9 + /T N 10 15 ERT 4 1.7 16.2 134 4521
1G>A

6° F 27 N370S/RecNcil c/C N 10 17 SRT 5 1.6 1.6 157 6314

7 F 28 N370S/L461P+  C/C N 4 24 ERT 1 0.7 129 122 3665
VS10+1G>T

8 M 31 N370S/RecNcil c/C N 14 16 ERT 1 27 15.1 203 1463

9? F 32 N370S/L444P c/C N 11 21 ERT 0 0 136 202 2847

10 M 37 N370S/ L444P +  C/T 27 6 ERT 1 0 16.0 179 629
E326K

1" F 38 N370S/RecNcil ~ C/C N 35 3 ERT 0 0 134 235 983

12 F 39 N370S/ L444P +  C/T N 29 9 SRT 0 0 125 167 2242
E326K

13 M 41 N370S/L444P (@) Y 26 16 ERT 5 1.7 14.2 328 1854

14 M 45 N370S/L444P /T N 37 6 ERT 3 0.5 150 205 306

15 F 49 E349K/S366 N T N 42 6 ERT 5 26 155 291 616

16 F 51 N370S/RecNcil c/C Y 34 17 ERT 1 29 142 434 1055

17 M 52 N370S/RecNcil c/C N 44 6 ERT 2 22 154 120 1451

18 M 57 N370S/RecNcil ~ C/C N 50 7 ERT 3 0 164 170 1085

19 F 62 N370S/RecNcil c/C N 42 20 ERT 3 25 136 149 265

20 M 63 N370S/RecNcil c/C Y 49 M ERT 9 7 153 222 440

21 M 64 N370S/N370S c/C N 54 9 ERT 2 1.1 133 143 1860

22 F 67 N370S/L444R (@) Y 60 7 ERT 4 26 144 268 240

23 F 67 N370S/RecNcil c/C N 57 6 ERT 4 1.9 14.0 161 223

3"-UTR SNP (rs708606) C is the wild form, SPX splenectomy, N no, Y yes, ERT enzyme replacement therapy, SRT substrate reduction therapy, SS/ Zimran Severity
Score Index (mild = 0-10; moderate = 11-19; severe >20), DS3 Disease Severity Score (mild = < 3.00; moderate = 3.00-5.99; marked = 6.00-19), Hb hemoglobin, Plat
platelet count, ChT chitotriosidase activity (normal range: < 78.5 nmol/hr./mL). *Patients with reported family history of Parkinson’s disease

process. There is no consensus as to whether the
presence of these symptoms alone, especially when
detected on cross-sectional evaluation, could indicate
the start of a neurodegenerative disease. According to
a 2-year follow-up study of GD patients and controls,
many NMS worsened in the GD group at 2years
from baseline, demonstrating the importance of longi-
tudinal follow-up [11].

Cognition was altered in 7 of 23 patients in our
sample, and we found a negative correlation between
MoCa <26 and older age at diagnosis. We point out
that milder forms of GD1 are expected to be diag-
nosed later, specially in developed countries with a
high prevalence of N370S like Israel (N370S/N370S is
considered to be a milder genotype). However, this is
not the rule in Brazil: since the facilities for diagnosis
of GD are not available countrywide, even the more

severe patients are diagnosed later. Besides that, Rec
alleles and L444P are highly prevalent in our cohort.

Low-normal range of vitamin B12 was already associ-
ated with PD and decreased cognition [15] but in our
cohort only 1/7 patients with Moca < 26 had low vitamin
B12 levels. Unfortunately, the biomarkers of functional
vitamin B12 deficiency (methylmalonic acid and homo-
cysteine levels) were not available for analysis.

GD-PD is characterized by a greater severity of cogni-
tive deficits than in iPD [16]. In one study (n=355)
which compared patients with iPD, GD-PD, and PD with
mutated GBAI, cognitive, motor, olfactory, and psychi-
atric symptoms were more severe in those with GD-PD
and those with severe GBAI mutations than in those
with iPD [17]. A study with the objective to characterize
the cognitive profile of GD type 1 patients (n = 86) using
computerized cognitive tests showed mild cognitive
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Table 2 Scores of the scales used to evaluate non-motor symptoms of Parkinson’s disease in patients with Gaucher disease type 1

and comorbidities found (n = 23)

Patient BDI ESS UMSARS SST MoCa RBD-1Q MDS-UPDRS Il Comorbidities

1 4 6 0 10 30 N 0 Hyperparathyroidism

2 16 n 1 10 26 N 0 Lactating, low vitamin B12 level

3 4 9 0 11 28 N 0 Ulcerative colitis (treated with aminosalicylate),
low vitamin B12 level

4 5 8 1 12 29 N 0 None

5 3 17 0 11 23 Y 0 Smoking

6 4 9 1 M 26 N 0 None

7 3 1 1 10 26 N 0 Pulmonary hypertension

8 2 8 1 9 26 Y 0 None

9 12 n 1 12 27 N 0 High blood pressure (treated with angiotensin
receptor blockers and diuretics), low vitamin B12
level

10 0 18 0 12 26 Y Smoking

11 6 13 1 12 26 N 0 Asthma, irritable bowel syndrome (treated with
antidepressants, spasmolytics, and a beta blocker)

12 7 3 1 12 30 N 0 Smoking; hypertension (treated with beta blocker)

13 2 10 0 10 29 N 0 None

14 15 0 12 29 N 0 Cardiomyopathy (treated with beta blockers)

15 25 1 2 10 22 N 0 Smoking, depression (treated with tricyclic
antidepressants)

16 33 7 0 M 22 N 0 None

17 6 NP 0 12 26 0 Insomnia, anxiety (treated with nonbenzodiazepine
hypnotics and selective serotonin reuptake inhibitor),
low vitamin B12 level

18° 14 12 0 6 26 N 0 Hypertension (treated with angiotensin-converting
enzyme inhibitors).

19° 17 4 2 4 22 N 0 Hypertension (treated with calcium channel
blockers and beta blocker), osteoporosis, rhinitis

20 13 12 1 10 20 N 27 Hepatocellular carcinoma, hypertension (treated with
calcium channel blockers and beta blocker)

21 3 7 0 11 26 N 7 Stroke at age 55; hypertension (treated with calcium
channel blockers, angiotensin receptor blockers, and
beta blocker)

22 4 13 2 9 19 Y 0 Obesity, osteoporosis, arrhythmia, low vitamin
B12 level

23 16 3 1 10 23 N 0 Depression (treated with selective serotonin reuptake

inhibitor), hypertension (treated with angiotensin-
converting enzyme inhibitor)

Altered results are presented underlined. Bold type denotes patients who screened positive for more than one non-motor symptom of Parkinson’s disease. BD/
Beck Depression Inventory (cutoff for depression > 14), ESS Epworth Sleepiness Scale (cutoff for increased daytime sleepiness > 10), UMSARS Unified Multiple
System Atrophy Rating Scale (cutoff for constipation >2), SST Sniffin’ Sticks Test (cutoff for hyposmia < 9/12), MoCa Montreal Cognitive assessment (cutoff for
cognitive impairment < 26), RBD-1Q Single-Question Screen for REM Sleep Behavior Disorder (cutoff being a positive answer to the single question), NP not
performed, MDS-UPDRS Il motor symptoms of PD assessed with part Il of the Unified Parkinson’s Disease Rating Scale. Low vitamin B12 level < 200 pg/mL. *These
patients underwent clinical examination and fiberoptic nasopharyngoscopy by an ENT doctor

deficits when compared to healthy age-matched subjects
[18]. In this study, older patients scored worse on these
scores than younger patients and we also regard the
finding that our patients with MoCa <26 were older at
diagnosis as a confounding factor.

Hyposmia was found in two of our patients, and both
were referred to an ERT doctor for further assessment.

In one of the patients, hyposmia was probably due to
untreated chronic rhinitis. In a study with 84 partici-
pants (among patients with GD, controls and heterozy-
gous for GBAI mutation) that evaluated NMS, hyposmia
was considered the most early and sensitive prodromal
marker of PD [6, 11]. There are no reports of hyposmia
in patients with GD without PD, nor as a side effect of
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GD treatment [8]. Evaluation of the sense of smell,
whether through a directed history-taking or through
specific smell identification tests, is not performed rou-
tinely in clinical practice. We believe patients should be
assessed for hyposmia more regularly, not only because
smell identification allows better perception of taste and
even identification of dangerous substances but also for
its importance as a biomarker of PD.

The RBQ-1 for REM sleep disorder has a sensitivity
and specificity of 92.2 and 87.7%, respectively [19]. One
prospective cohort study performed in individuals with
REM sleep behavior disorder showed that this pro-
dromal criterion alone had 81.3% sensitivity and 67.9%
specificity for conversion to PD/dementia with Lewy
bodies at 4-year follow-up [20]. The BDI and UMSARS
have also been validated to evaluate depression and con-
stipation, respectively, and are widely used in clinical
practice. In an Argentine cohort of 26 GD type 1 pa-
tients (mean age 22.3 +13.1, range 6—52 years), aiming
at analysing the occurrence of prodromal markers of PD
using questionnaires performed ad hoc, depression and
constipation were found in three and two cases respect-
ively, a rate similar to that of our sample [7]. No patient
of the Argentinean cohort presented motor symptoms
perhaps due to the fact that this cohort was younger
than ours.

Regarding constipation, only 3 patients presented ab-
normal scores. However, one patient was also taking tri-
cyclic antidepressant, a drug which is associated to this
finding.

All patients in our cohort were tested for the 3'-UTR
SNP (rs708606), which was associated with cognitive de-
cline in a study of 426 patients with PD which compared
mutation status with Brief Test of Attention scores [13].
Eight of our 23 patients were heterozygous for this SNP,
with no significant association with clinical or laboratory
parameters.

Two of 23 patients in our sample were also heterozy-
gous for the complex allele L444P + E326K. There is evi-
dence to consider the E326K variant as a risk factor for
PD: it is significantly more frequent in PD patients com-
pared to controls and has also been found to predict a
more rapid progression of both cognitive dysfunction and
motor symptoms in patients with PD when present [21,
22]. Neither carrier of this variant had any abnormalities
on cognitive assessment in our study. As more and more
studies are showing that GBAI variants influence hetero-
geneity in PD symptom progression, close follow-up is
very important in this setting, especially for patients who
harbor more than one pathogenic mutation.

Currently, there is no treatment that can stop the pro-
gression of PD. Diagnosis of this disease can represent a
major burden to both patients and their families. There
is little information in the literature about genetic
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counseling in populations at risk of PD; in one study of
patients’ opinions concerning genetic counseling, 86.7%
of the population at risk for PD believed that patients
should be informed of this risk prior to screening for
GBAI mutation carriers. Of these, 93.3% answered that
prior knowledge of this risk would not have affected the
decision to undergo screening [23].

The NMS of PD can represent a significant burden for
patients. Even though there is not a disease modifying
therapy for PD, some NMS can be managed symptomat-
ically (e.g., constipation) and so the quality of life of the
patients may be improved [24]. A comprehensive ap-
proach with a multidisciplinary team should be pre-
ferred, and patients should be referred to a specialist for
evaluation whenever neurological complaints arise.

Conclusions

The sensitivity and specificity of screening for NMS of PD
varies widely, and there is not a single biomarker of PD
that can predict outcomes. We believe that both patients
with GD and heterozygous carriers of GBAI mutations
should be aware of their increased risk for PD, and that
patients over the age of 40 should be offered a multidis-
ciplinary follow-up strategy aiming at an earlier diagnosis
of PD. Such follow-up may include, for instance,
non-invasive tests such as neurological examination and
administration of multiple validated questionnaires. A
follow-up study on this cohort is planned, which maybe
will help us to elucidate more this complex disease inter-
action between GD and PD.

Abbreviations

3"-UTR SNP (rs708606): single nucleotide polymorphism in the three-prime
untranslated region (rs708606); BDI: Beck Depression Inventory; ESS: Epworth
Sleepiness Scale; GCase: Beta-glucocerebrosidase; GD: Gaucher disease;

iPD: idiopathic Parkinson disease; MDS-UPDRS lII: Part Il of the Unified
Parkinson’s Disease Rating Scale; MoCa: Montreal Cognitive assessment;
NGS: Next-generation sequencing; NMS: Non-motor symptoms;

PD: Parkinson’s disease; PSG: Polysomnography; RBD-1Q: Single-Question
Screen for REM sleep behavior disorder; REM: Rapid eye movement;
UMSARS: Unified Multiple System Atrophy Rating Scale

Acknowledgments

We are grateful to the Graduate Program in Medicine: Medical Sciences at
the School of Medicine, Universidade Federal do Rio Grande do Sul (UFRGS);
the staff at the State Referral Center for Diagnosis, Monitoring, and Treatment
of Patients with GD in Rio Grande do Sul, Brazil; and the Hospital de Clinicas
de Porto Alegre Research and Event Incentive Fund (FIPE/HCPA) for financial
support.

Funding
Founding Source: Fundo de Incentivo a Pesquisa (FIPE) — Hospital de Clinicas
de Porto Alegre, Porto Alegre, Brazil.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Financial disclosure
The authors have no financial relationships relevant to this article to disclose.



Wilke et al. Orphanet Journal of Rare Diseases (2019) 14:103

Authors’ contributions

MW did the collection of data, physical examination of the patients, writing
and reviewing this manuscript; AD, FV, TN participated on the writing and
reviewing of the manuscript. SB and MS participated on the molecular
analysis of the GBAT gene polymorphism and also participated on the writing
and reviewing of the manuscript. AS did the neurological physical exam on the
patients and participated on the writing and reviewing of the manuscript. OP
did the otorhinolaryngological exam and participated on the writing and
reviewing of the manuscript. IS participated on the writing and reviewing of
the manuscript. All authors read and approved the final manuscrispt.

Ethics approval and consent to participate

This study was approved by the ethics committee of Hospital de Clinicas de
Porto Alegre, Porto Alegre, Brazil under the number:78018217800005327. All
participants were asked to sign an informed consent form for participation in
the study and publication of data. The signed consent forms can be retrieved
from the Genetics Department of Hospital de Clinicas de Porto Alegre, Brazil, if
needed.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Postgraduate Program in Medical Sciences, Faculdade de Medicina,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil. ’Medical
Genetics Service, Hospital de Clinicas de Porto Alegre, Porto Alegre, RS, Brazil.
*Department of Pharmacology, Universidade Federal do Rio Grande do Sul,
Porto Alegre, Brazil. “Center for Individualized Medicine, Mayo Clinic,
Rochester, MN, USA. 5Department of Clinical Genomics, Mayo Clinic,
Rochester, MN, USA. ®Graduate Program in Sciences of Gastroenterology and
Hepatology, Universidade Federal do Rio Grande do Sul (UFRGS), Porto
Alegre, RS, Brazil. ’Laboratory Research Unit, Experimental Research Center,
Hospital de Clinicas de Porto Alegre (HCPA), Porto Alegre, RS, Brazil.
8Department of Ophthalmology and Otorhinolaryngology, Hospital de
Clinicas de Porto Alegre, Porto Alegre, RS, Brazil. 9Department of Genetics,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil. '°BRAIN
Laboratory, Hospital de Clinicas de Porto Alegre, Porto Alegre, RS, Brazil.

Received: 10 February 2019 Accepted: 23 April 2019
Published online: 10 May 2019

References

1. Vairo F, Sperb-Ludwig F, Wilke M, Michellin-Tirelli K, Netto C, Neto EC, et al.
Brain-derived neurotrophic factor expression increases after enzyme
replacement therapy in Gaucher disease. J Neuroimmunol. 2015;278:190-3.
https://doi.org/10.1016/j.jneuroim.2014.11.005.

2. Stirnemann J, Belmatoug N, Camou F, Serratrice C, Froissart R, Caillaud C, et
al. A review of gaucher disease pathophysiology, clinical presentation and
treatments. Int J Mol Sci. 2017;18(2):E441. https://doi.org/10.3390/
ijms18020441.

3. Pastores GM, Hughes DA. Gaucher Disease. 2000 Jul 27 [Updated 2018 Jun
21]. In: Adam MP, Ardinger HH, Pagon RA, et al, editors. GeneReviews®
[Internet]. Seattle (WA): University of Washington, Seattle; 1993-2018.

4. Migdalska-Richards A, Schapira AH. The relationship between
glucocerebrosidase mutations and parkinson disease. J Neurochem. 2016;
139 Suppl 1:77-90.

5. Karimi-Moghadam A, Charsouei S, Bell B, Jabalameli MR. Parkinson disease
from mendelian forms to genetic susceptibility: new molecular insights into
the neurodegeneration process. Cell Mol Neurobiol. 2018;38(6):1153-78.
https://doi.org/10.1007/510571-018-0587-4.

6. Sauerbier A, Qamar MA, Rajah T, Chaudhuri KR. New concepts in the
pathogenesis and presentation of Parkinson’s disease. Clin Med Lond. 2016;
16(4):365-70. https://doi.org/10.7861/clinmedicine.16-4-365.

20.

22.

23.

24.

Page 7 of 7

Gatto EM, Etcheverry JL, Sanguinetti A, Cesarini M, Fernandez Escobar N,
Drelichman G. Prodromal clinical markers of Parkinson disease in Gaucher
disease individuals. Eur Neurol. 2016;76(1-2):19-21. https://doi.org/10.1159/
000447510.

McNeill A, Duran R, Proukakis C, Bras J, Hughes D, Mehta A, et al. Hyposmia
and cognitive impairment in Gaucher disease patients and carriers. Mov
Disord. 2012,27(4):526-32.

Elstein D, Alcalay R, Zimran A. The emergence of Parkinson disease among
patients with Gaucher disease. Best Pract Res Clin Endocrinol Metab. 2015;
29(2):249-59. https.//doi.org/10.1016/jbeem.2014.08.007.

Schapira AH. Glucocerebrosidase and Parkinson disease: recent advances.
Mol Cell Neurosci. 2015;66(Pt A):37-42. https://doi.org/10.1016/j.mcn.2015.
03.013.

Beavan M, McNeill A, Proukakis C, Hughes DA, Mehta A, Schapira AH.
Evolution of prodromal clinical markers of Parkinson disease in a GBA
mutation-positive cohort. JAMA Neurol. 2015;72(2):201-8.

Gan-Or Z, Amshalom |, Kilarski LL, Bar-Shira A, Gana-Weisz M, Mirelman A, et
al. Differential effects of severe vs mild GBA mutations on parkinson disease.
Neurology. 2015;84(9):880-7. https://doi.org/10.1212/WNL.
0000000000001315.

Schulte C, Liepelt-Scarfone I, Hagen CE, Hauser AK, Brockmann K; et al.
Coding and non-coding glucocerebrosidase variants have an impact on
cognitive decline in Parkinson'’s disease [abstract]. Mov Disord. 2016;
31(suppl 2). https//www.mdsabstracts.org/abstract/coding-and-non-coding-
glucocerebrosidase-variants-have-an-impact-on-cognitive-decline-in-
parkinsons-disease.

Collins LM, Williams-Gray CH, Morris E, Deegan P, Cox TM, Barker RA. The
motor and cognitive features of Parkinson’s disease in patients with
concurrent Gaucher disease over 2 years: a case series. J Neurol. 2018,265(8):
1789-94. https://doi.org/10.1007/500415-018-8908-6.

Moore E, Mander A, Ames D, Carne R, Sanders K, Watters D. Cognitive
impairment and vitamin B12: a review. Int Psychogeriatr. 2012;24(4):541-56.
https.//doi.org/10.1017/51041610211002511.

Lopez G, Kim J, Wiggs E, Cintron D, Groden C, Tayebi N, et al. Clinical course
and prognosis in patients with Gaucher disease and parkinsonism. Neurol
Genet. 2016;2(2):e57. https://doi.org/10.1212/NXG.0000000000000057.

Thaler A, Bregman N, Gurevich T, Shiner T, Dror Y, Zmira O, et al. Parkinson's
disease phenotype is influenced by the severity of the mutations in the
GBA gene. Parkinsonism Relat Disord. 2018. $1353-8020(18)30239-6.
Biegstraaten M, Wesnes KA, Luzy C, Petakov M, Mrsic M, Niederau C, et al.
The cognitive profile of type 1 gaucher disease patients. J Inherit Metab Dis.
2012;35(6):1093-9. https.//doi.org/10.1007/510545-012-9460-7.

Postuma RB, Arnulf |, Hogl B, Iranzo A, Miyamoto T, et al. A single-question
screen for rapid eye movement sleep behavior disorder: a multicenter
validation study. Mov Disord. 2012;27(7):913-6.

Fereshtehnejad SM, Montplaisir JY, Pelletier A, Gagnon JF, Berg D, Postuma
RB. Validation of the MDS research criteria for prodromal Parkinson’s
disease: longitudinal assessment in a REM sleep behavior disorder (RBD)
cohort. Mov Disord. 2017,32(6):865-73.

Choi JM, Kim WC, Lyoo CH, Kang SY, Lee PH, Baik JS, et al. Association of
mutations in the glucocerebrosidase gene with parkinson disease in a
korean population. 2012. https://doi.org/10.1016/j.neulet.2012.02.035.
Horowitz M, Pasmanik-Chor M, Ron |, Kolodny EH. The enigma of the E326K
mutation in acid - glucocerebrosidase. 2011. https.//doi.org/10.1016/.
ymgme.2011.07.002.

Mulhern M, Bier L, Alcalay RN, Balwani M. Patients’ opinions on genetic
counseling on the increased risk of Parkinson disease among Gaucher
disease carriers. J Genet Couns. 2018;27(3):675-80. https://doi.org/10.1007/
$10897-017-0161-0.

Rees RN, Acharya AP, Schrag A, Noyce AJ. An early diagnosis is not the
same as a timely diagnosis of parkinson'’s disease. eCollection 2018. Faculty
Rev. 2018:1106.


https://doi.org/10.1016/j.jneuroim.2014.11.005
https://doi.org/10.3390/ijms18020441
https://doi.org/10.3390/ijms18020441
https://doi.org/10.1007/s10571-018-0587-4
https://doi.org/10.7861/clinmedicine.16-4-365
https://doi.org/10.1159/000447510
https://doi.org/10.1159/000447510
https://doi.org/10.1016/j.beem.2014.08.007
https://doi.org/10.1016/j.mcn.2015.03.013
https://doi.org/10.1016/j.mcn.2015.03.013
https://doi.org/10.1212/WNL.0000000000001315
https://doi.org/10.1212/WNL.0000000000001315
https://www.mdsabstracts.org/abstract/coding-and-non-coding-glucocerebrosidase-variants-have-an-impact-on-cognitive-decline-in-parkinsons-disease
https://www.mdsabstracts.org/abstract/coding-and-non-coding-glucocerebrosidase-variants-have-an-impact-on-cognitive-decline-in-parkinsons-disease
https://www.mdsabstracts.org/abstract/coding-and-non-coding-glucocerebrosidase-variants-have-an-impact-on-cognitive-decline-in-parkinsons-disease
https://doi.org/10.1007/s00415-018-8908-6
https://doi.org/10.1017/S1041610211002511
https://doi.org/10.1212/NXG.0000000000000057
https://doi.org/10.1007/s10545-012-9460-7
https://doi.org/10.1016/j.neulet.2012.02.035
https://doi.org/10.1016/j.ymgme.2011.07.002
https://doi.org/10.1016/j.ymgme.2011.07.002
https://doi.org/10.1007/s10897-017-0161-0
https://doi.org/10.1007/s10897-017-0161-0

	Abstract
	Methodology
	Results
	Conclusions

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Financial disclosure
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

