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Experience in Genetic Counseling for GBA1
Variants in Parkinson’s Disease
Jonas M. den Heijer, MD,1,2 Jacobus J. van Hilten, MD, PhD,2 Anneke J.A. Kievit, MD, PhD,3 Vincenzo Bonifati, MD, PhD,3 and
Geert Jan Groeneveld, MD, PhD1,2,*

Apart from the GWAS risk loci, variants in the GBA1 gene are
the most common risk factor known to date to develop
Parkinson’s disease (PD).1,2 Genetic testing and counseling of
GBA1 variants is not yet part of common clinical practice, but
the need for this will likely increase because research into this
topic has increased considerably during the past two decades and
genetic testing will become more common. Several studies show
that patients with PD have a positive attitude toward genetic
testing.3–5

Genetic counseling is offered to support patients in clarifying
gaps of knowledge regarding PD genetics as well as the risks,
benefits, and limitations of genetic testing and to support them
in their decision-making process.6 We use a whole-exome
sequencing panel of genes associated with movement disorders in
familial PD and/or complex PD and/or PD with an early onset,
less stricter than formulated in the European guidelines.7,8 In
monogenetic PD, with variants in SNCA, PRKN, or PINK1, it
is relatively straightforward to clarify the inheritance pattern,
inform relatives about their risk, and discuss the options of pre-
dictive and reproductive testing. If a variant is found associated
with reduced penetrance such as the founder mutation p.
G2019S-mutation in LRRK2 and especially if the variants are
associated with mild differential effects on the risk and expression
of PD, such as heterozygous variants in GBA1, this is more diffi-
cult for the patient and relatives to handle and raises a need for
genetic counseling tailored to the nature of the variant. GBA1
encodes the lysosomal enzyme glucocerebrosidase and is consid-
ered one of the most promising potential targets for the develop-
ment of a disease-modifying drug for PD.6 In light of these
developments, a growing number of patients with PD are being
screened for GBA1 variants.

We recently performed a large-scale full GBA1 gene screen-
ing in 3402 people with PD in the Netherlands.9 In most
populations, 4% to 12% of patients with PD carry a

heterozygous GBA1 variant, and in Ashkenazi Jewish patients
with PD this is approximately 20%.2,10 In our Dutch cohort, a
remarkably high prevalence of 15.5% exonic or splice site vari-
ants was found. Subsequently, 528 patients with PD carrying a
variant in the GBA1 gene were counseled. In this viewpoint,
we provide some background on GBA1 in PD and share our
experience in counseling of people with PD about the risks of
a GBA1 variant.

The GBA1 gene is primarily known by the lysosomal stor-
age disorder Gaucher’s disease (GD) caused by a biallelic dam-
aging variant in this gene. Important to note is that >400
variants in the GBA1 gene have been reported to be able to
cause GD.11,12 Some variants have been associated with a
more severe phenotype of GD (eg, L444P [p.Leu483Pro] is
associated with severe types 2 and 3 GD, and N370S [p.
Asn409Ser] is associated with the mild type 1 GD), but gener-
ally there is a weak genotype–phenotype correlation.13 Hav-
ing a heterozygous damaging variant will not cause GD, but it
may increase the risk of developing PD. Several variants have
been associated with an increased risk in PD that in homozy-
gous state will not cause GD (such as E326K [p.Glu365Lys]
and T369M [p.Thr408Met]).14,15 Within PD, indications of a
GBA1 variant “dose effect” on age at onset and motor and
nonmotor symptoms have been described.9,16,17

Carriers of GBA1 variants have an increased risk to develop
PD (GBA-PD) with an earlier onset and possibly a faster motor
and nonmotor disease progression.17–22 However, for counseling
purposes it is important to acknowledge the existence of large
variation in genotype–phenotype correlations and therefore the
low predictability for an individual patient. For example, in our
cohort the mean (range) of age at diagnosis in noncarriers was
60.6 (27–92) years compared with 56.9 (25–84) years in carriers
of GBA1 variants.
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Motor impairment scores are generally worse in GBA-PD
compared with idiopathic PD, but the structurally large standard
deviations make an individualized prediction impossible.17,18,21

Similarly for cognitive decline, this is generally worse in GBA-
PD compared with idiopathic PD. A meta-analysis shows an OR
of 2.40 (95% confidence interval, 1.71–3.38) for developing PD
dementia in GBA1 variant carriers compared with idiopathic PD.22

Nevertheless, between-patient variability is again high, making it
impossible to individually predict cognitive decline.20,21,23

The risk of PD in those who carry a GBA1 variant is
increased by an estimated overall 2- to 7-fold. Heterozygous and
homozygous (potential GD) carriers have similar ORs.24 Higher
ORs have been reported for specific variants, but these are usu-
ally based on studies with a small number of carriers.2,10,25,26 To
our knowledge, no extended families have been reported with
PD in multiple relatives with a GBA1 variant as a possible high-
penetrance (monogenic) causative factor, making any larger esti-
mated risks unlikely.

Penetrance of GBA1 is age dependent and estimated to be
between 1% and 14% at 60 years of age and 10% to 30% at
approximately 80 years of age.24,27–29 The higher end of these
ranges is reported in subjects with familial PD and therefore pos-
sibly an overestimation as a result of an additional genetic burden
in these familial cases.30 The lower end of these ranges is based
on parents of patients with GD, which are obligate GBA1 vari-
ant carriers, but do not necessarily carry any other genetic risk
factors for PD other than GBA1.24,29 A recent study in unse-
lected patients with PD (so both patients with and without a
positive PD family history) showed an intermediate penetrance
of 10.0% at 60 years and 19.4% at 80 years.28 Penetrance was
higher in carriers compared with noncarriers, but no statistically
significant difference was found between carriers of mild (eg,
N370S) and severe (eg, L444P) GD-associated variants.24,27,28 All
in all, most people with a homozygous or heterozygous variant
will never develop PD.24,31,32

To account for the “dose effect” of different GBA1 vari-
ants, the following 3 categories were defined for counseling
patients with PD: (1) low-risk variants, if the allele has been
reported in PD, but not as GD causing; (2) moderate-risk var-
iants, if the allele has been reported in at least a single GD
case either in a homozygous state or in a compound heterozy-
gous state with other GD-associated variants; or (3) unknown
variants, if a variant was not reported previously. A further
“dose effect” within all variants previously reported in GD
(here moderate-risk variants) seems plausible, but sample sizes
are generally very small for these (>400!) different variants,
and therefore these cannot currently be differentiated reliably
for personalized counseling.

When counseling a GBA1 variant, it is important to provide a
relevant context. For example, for a moderate-risk variant case,
“Of people of 60 years and older, approximately 1% will develop
PD. With a GBA1 variant, there would be an approximate 2%–
7% risk of developing PD at this age. This also means there is a
93%–98% chance of not having developed PD at this age.” The
age-specific incidence rate of PD of course increases beyond the
age of 60 years.33 GBA1 can therefore be seen as a modifier of

the PD risk, or risk factor in PD, and play a role in the complex
disease etiology as such.

Considering the low absolute increase in risk of develop-
ing PD, the inability to predict disease progression, and the
current lack of therapeutic consequences, we deemed it
appropriate to primarily counsel the patients with PD by
phone and provide similar written information by mail.
Patients had the opportunity to request a meeting in person.
Only sporadically a patient returned a phone call for addi-
tional questions.

A transcript was created for the 3 GBA1 categories (Table S1,
box 2A,B,C). Prior to presenting the transcript, it is advisable to
give a brief simplified explanation of genetic principles
(Table S1, box 1). The primary concern of carriers in our study
was often related to the consequences for their children. There is
of course a 50% chance of inheriting the GBA1 variant, but it is
important to stress that the risks attributed to GBA1 are very
small so that presymptomatic testing for the GBA1 variant is, in
our view, not justified.

So far, the clinical relevance of having a GBA1 variant is very
limited for an individual. However, a study on deep brain stimu-
lation is worth mentioning in which at 7.5 years after deep brain
stimulation, 6 of 10 (60%) GBA1 variant carriers had severe cog-
nitive impairment compared with 1 of 16 (6%) in noncarriers.34

This finding needs validation in a larger cohort, but this could be
relevant for deep brain stimulation decision-making. Further-
more, the prospect of possibly being eligible for a clinical trial
based on carrying a GBA1 variant may be relevant for an indi-
vidual as well.

Perhaps when genotype–phenotype correlations will have
been elucidated further in future larger cohorts a variant-specific
counseling can be tailored further.

In conclusion, the increasing amount of genetic testing being
performed in PD creates an exciting time in which hopefully
important steps are being made toward a personalized disease-
modifying treatment. Accompanying this development, we should
not forget to adequately inform patients about these findings and
their clinical context and to bring nuance when appropriate.
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Table S1 Boxes with general advice and transcripts for GBA-
PD counseling.
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