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Abstract
Disease outcomes are heterogeneous in Parkinson’s disease and may be predicted by gene variants. This study investigated if the
BDNF rs6265 single nucleotide polymorphism (SNP) is associated with differential outcomes with specific pharmacotherapy
treatment strategies in the “NIH Exploratory Trials in PD Long-term Study 1” (NET-PD LS-1, n = 540). DNA samples were
genotyped for the rs6265 SNP and others (rs11030094, rs10501087, rs1491850, rs908867, and rs1157659). The primary
measures were the Unified Parkinson’s Disease Rating Scale (UPDRS) and its motor component (UPDRS-III). Groups were
divided by genotype and treatment regimen (levodopa monotherapy vs levodopa with other medications vs no levodopa). T allele
carriers were associated with worse UPDRS outcomes compared to C/C subjects when treated with levodopa monotherapy (+ 6
points, p = 0.02) and to T allele carriers treated with no levodopa treatment strategies (UPDRS: + 8 points, p = 0.01; UPDRS-III:
+ 6 points, p = 0.01). Similar effects of worse outcomes associated with levodopa monotherapy were observed in the BDNF
rs11030094, rs10501087, and rs1491850 SNPs. This study suggests the levodopa monotherapy strategy is associated with worse
disease outcomes in BDNF rs6265 T carriers. Pending prospective validation, BDNF variants may be precision medicine factors
to consider for symptomatic treatment decisions for early-stage PD patients.
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Introduction

Parkinson’s disease (PD) therapies result in varying degrees of
success for any given patient. Indeed, the heterogeneity in
clinical outcomes is notable, including the responses to the
mainstay therapy levodopa [1]. Heterogeneity in phenomenol-
ogy and therapeutic outcomes may arise from genetic variants
[2, 3]. Single nucleotide polymorphisms (SNPs), particularly
those associated with increased PD incidence, have received
the most study. One SNP that is not associated with increased
risk of PD [4] but is associated with a milder early clinical
phenotype in the unmedicated state is the rs6265 SNP in the
gene BDNF [5, 6]. In addition, the rs6265 SNP (T allele) is
associated with earlier development of levodopa-induced dys-
kinesias [7, 8], though not in every population [9]. The rs6265
SNP (C>T), a Val66Met substitution in the prodomain of
brain-derived neurotrophic factor (BDNF), results in de-
creased activity-dependent release of BDNF [10]. T allele
carriers (C/T or T/T), approximately one-third of the general
population [11], have reduced plasticity and volume of the
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motor cortex and the caudate nucleus [12–14]. BDNF signal-
ing may also contribute to the efficacy of subthalamic nucleus
(STN) DBS [15, 16]. Therefore, we hypothesized the BDNF
rs6265 T variant may alter antiparkinsonian treatment
outcomes.

Retrospective examination of completed, rigorously con-
ducted clinical trials provides an opportunity to test whether
the rs6265 T variant alters patient outcomes. The US National
Institutes of Health (NIH) Exploratory Trials in PD Long-term
Study 1 (NET-PD LS-1) enrolled early-stage PD subjects, all
of whomwere receiving dopaminergic treatment at entry, with
no restriction on the type of dopaminergic pharmacotherapy
[17]. Subjects could receive levodopa monotherapy, levodopa
in combination with other dopaminergic medications, or no
levodopa (e.g., dopamine agonists). All NET-PD LS-1 sub-
jects were followed systematically for an average of 3.5 years,
and a subset consented for genomic DNA banking for future
analyses, offering a well-characterized dataset for BDNF SNP
genotyping and analysis. In addition, NET-PD LS-1 treating
neurologists were allowed to adjust baseline antiparkinsonian
medications as they saw fit (i.e., not stipulated by study pro-
tocol), allowing for separate analyses for the most common,
symptomatic drug therapies employed in early-stage PD.

Methods

We retrospectively analyzed available DNA samples and clin-
ical data from the NET-PD LS-1 trial. All clinical and genetic
data from NET-PD LS-1 are accessible through the US
National Institute of Neurological Disorders and Stroke
(NINDS). Analyses were determined by the Michigan State
University Biomedical and Health Institutional Review Board
not to meet the definition of human subject research, as de-
fined by the U.S. Department of Health and Human Services
regulations for the protection of human research subjects.

NET-PD LS-1 Subjects and Trial Design

The NET-PD LS-1 trial design and results have been pub-
lished previously [17]. Briefly, LS-1 was a multicenter, ran-
domized efficacy trial that determined creatine was not dis-
ease-modifying. Subjects were less than 5 years since diagno-
sis of PD and had taken levodopa or a dopamine agonist for at
least 90 days but not longer than 2 years. A subset of subjects
consented for genomic DNA collection and storage for exam-
ination separate from the planned LS-1 analysis. Outcome
measures included the UPDRS, its first three parts (UPDRS-
I (mentation, behavior, and mood), UPDRS-II (activities of
daily living), and UPDRS-III (motor)), and the Parkinson’s
Disease Questionnaire (PDQ)-39, a patient-reported, quality-
of-life measure.

SNP Genotyping

DNA samples from NET-PD LS-1 subjects were obtained
from the Coriell Institute for Medical Research biorepository.
Samples were genotyped for the BDNF rs6265 SNP using the
5′ exonuclease allelic discrimination TaqMan assay. We also
examined five other BDNF SNPs that are not in the cod-
ing sequence nor known to alter BDNF protein structure
but are associated with modest hippocampal or whole-
brain atrophy—viz., rs908867, rs11030094, rs10501087,
rs1157659, and rs1491850 (all SNPs examined are in
Supplementary Figure 1) [18]. Genotyping was performed
with a minimum 20 ng of genomic DNA in a 25-μl reac-
tion volume in duplicate using TaqMan Genotyping
Mastermix (Applied Biosystems, Waltham, MA;
4371353). Reactions were run using a Real-Time PCR
instrument (Viia 7, Applied Biosystems). Data were ana-
lyzed for genotype determination calls made by TaqMan
Genotyper software (Applied Biosystems).

NET-PD LS-1 Analyses

Two analyses were conducted using the LS-1 dataset (Fig. 1):
the baseline analysis for initial hypothesis testing and the lon-
gitudinal analysis used for testing the hypothesis over time.
The 540 subjects for whom samples were available comprise
the population for both analyses. The baseline analysis con-
sists of subject data from the first time point of the NET-PD
LS-1 trial (month 0) and included three main treatment strat-
egies: 129 subjects treated with levodopa monotherapy
(“LD”), 143 subjects treated with levodopa-inclusive
polypharmacy (including dopamine agonists, “LD Plus”),
and 253 subjects treated with dopamine agonists along with
other medications (i.e., no levodopa, “No LD”). The longitu-
dinal analysis consisted of the same treatment strategies but
with a differing distribution: 56 subjects remained on LD for
36 months, and 484 subjects were treated with either LD Plus
or No LD during that same period. Full assessments in the
longitudinal cohort were conducted at 0, 3, 12, 24, and
36 months with interim visits occurring at 6 and 18 months.

NET-PD LS-1 Statistics

Subject data were categorized by BDNF SNP and analyzed
using SAS (v9.4; Cary, NC). Data were categorized by each
genotype (major/major, major/minor, and minor/minor) for
analysis and then pooled into “risk allele” groups based on
either previous association with detriment (rs6265) or calcu-
lated means from UPDRS measurements. Subjects within the
creatine and placebo treatment arms were pooled due to no
significant differences in the primary endpoint reported at the
conclusion of the NET-PD LS-1 study [17].
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Both the baseline and longitudinal analyses are used to
examine the effects of the BDNF SNPs according to two per-
spectives. First, genotypes are compared within-treatment-
strategy groups (like levodopa monotherapy) as a way to ex-
amine genotype-related variance. Second, treatment strategy
groups are compared within-genotype as a “precision medi-
cine” approach. The impact of the BDNF SNPs is discussed
with each perspective separately, but it should be emphasized
that only one statistical model was used to test the data, in-
cluding correcting for multiple comparisons for the
hypothesis-driven analysis of the rs6265 SNP.

The baseline within-treatment-strategy and within-
genotype approaches included analysis of covariance
(ANCOVA) models with baseline value of the UPDRS and
UPDRS-III scores in the ON state as outcomes, a genotype
(variant carrier or not)-by-treatment strategy (LD, LD Plus, or
No LD) interaction as the factor of interest, controlling for
study site, treatment arm, age, gender, race/ethnicity, duration
of PD, LEDD, genotype, and medication. The longitudinal
within-medication and within-genotype approaches included
repeated measures ANCOVA models with UPDRS and
UPDRS-III scores in the ON state, UPDRS-I and UPDRS-II
scores and the PDQ-39 score as outcomes, a genotype-by-
time interaction for the within-treatment-strategy approach,
and a treatment-by-time interaction for the within-genotype
approach controlling for study site, treatment arm, age, gen-
der, race/ethnicity, duration of PD, LEDD, time, and genotype
(for the within-treatment-strategy approach) or treatment (for
the within-genotype approach). Models assessing the effect of
the non-rs6265 SNPs were adjusted further for the rs6265
genotype. The covariance matrices for the within-subject

observations were modeled using an unstructured pattern.
Least square means and standard errors (SE) are reported for
all models. The least square means are adjusted estimates, so
the sum of the individual UPDRS-I-III estimates may not
equal the adjusted total UPDRS estimate.

Of importance, the rs6265 genotype was considered the
primary SNP of interest and multiple pairwise differences in
least square means for within-treatment and within-genotype
comparisons in the baseline cohort, and further for within-time
comparisons for the longitudinal analysis, were accounted for
by adjusting the corresponding p values with a Bonferroni
correction for multiple comparisons. Results for the other
SNPs were considered exploratory and not corrected for mul-
tiple comparisons. Statistical significance was set at p < 0.05
with the intention to interpret all analyses as requiring valida-
tion by a randomized, prospective cohort.

Results

Baseline Analysis

For all six BDNF SNPs, demographics were examined for the
baseline analysis (Supplementary Tables 1-6). A difference in
minority race for the rs1157659 SNP was revealed.
Differences in disease duration since time of diagnosis are
reported with small numerical differences for the rs908867
and rs1157659 SNPs. With medical regimens combined,
UPDRS, part III, and PDQ-39 were not different between
rs6265 genotypes at baseline (data not shown).

Fig. 1 Baseline and longitudinal analyses of NET-PD LS-1. A schematic showing the number of subjects by group for the baseline and longitudinal
analyses. Dopaminergic medications prescribed other than levodopa are listed
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BDNF rs6265 T Allele Is Associated with Worse Scores on LD
and Better Outcomes with No LD

Subjects prescribed levodopa monotherapy (“LD”) had differ-
ent UPDRS scores depending on rs6265 genotype. The
UPDRS score for LD subjects carrying the T allele (C/T or
T/T) was ≈ 6 points worse than C/C subjects (32.7 (1.9) vs
26.8 (1.4), respectively; Fig. 2a, p = 0.02). This difference is
preserved when comparing UPDRS-III scores for C/C sub-
jects (17.7 (1.0)) to T allele carriers (22.0 (1.4); Fig. 2b, p =
0.03). In contrast, subjects prescribed a combination of
levodopa-inclusive polypharmacy (“LD Plus”) or a regimen
not including levodopa (“No LD”) did not have different
UPDRS scores between genotypes (Fig. 2a, b).

From a within-genotype perspective, the three treatment
strategy groups (LD, LD Plus, and No LD) were compared
within rs6265 genotype. For T allele carriers (C/T or T/T),
LD was associated with worse UPDRS scores than No LD
(32.7 (1.9) vs 24.5 (1.4), respectively; Fig. 2a, p = 0.01).
This difference remains when examining UPDRS-III
scores with a better score in No LD (16.0 (1.0)) compared
to LD (22.0 (1.4); Fig. 2b, p = 0.01). All differences for
the above rs6265 analysis were present with a Bonferroni
correction.

BDNF rs11030094 G Allele Is Associated with Better Scores
with No LD over LD

LD and LD Plus in rs11030094 G allele carriers (A/G or G/G)
were associated with worse total UPDRS scores than those
with No LD (29.4 (1.4) and 28.9 (1.4) vs 24.9 (1.2), respec-
tively; Fig. 2c, LD p = 0.002, LD Plus p = 0.01). UPDRS-III
scores also were different when comparing G allele carriers
treated with LD (16.7 (0.9)) to No LD (19.4 (1.0); Fig. 2d, p =
0.01). For LD subjects, G allele carriers’ UPDRS and
UPDRS-III average scores were not higher than for A/A sub-
jects (Fig. 2c, d).

BDNF rs10501087 C Allele Is Associated with Better Scores
with No LD over LD

C allele carriers for the rs10501087 SNP (T/C or C/C) treated
with LD were associated with worse UPDRS scores than No
LD subjects (31.4 (2.1) vs 24.6 (1.9), respectively; Fig. 2e,
p = 0.01). UPDRS scores were different in T/T subjects be-
tween LD Plus (29.4 (1.9)) and No LD treatment strategies
(25.3 (1.7); Fig. 2e, p = 0.01). UPDRS-III scores also were
worse for C allele carriers with LD (16.4 (1.4)) compared to
No LD (21.2 (1.5); Fig. 2f, p = 0.001). Within LD, C allele
carriers’ UPDRS scores were not different compared to T/T
subjects (Fig. 2e).

BDNF rs1491850 C Allele Is Associated with Better UPDRS-III
Scores with No LD Versus LD

Similar to SNPs evaluated above, rs1491850 C allele carriers
(T/C or C/C) prescribed LD or LD Plus had worse average
UPDRS scores compared to No LD subjects (29.5 (1.5) and
28.7 (1.5) vs 24.5 (1.3), respectively; Fig. 2g; LD p = 0.002,
LD Plus p = 0.01). This difference between LD and No LD in
C allele carriers also was present in UPDRS-III scores (19.6
(1.1) and 16.4 (0.9), respectively; Fig. 2h, p = 0.01). No dif-
ference between treatment strategies was observed in T/T sub-
jects. In contrast to the rs6265 SNP, LD subjects did not have
different average UPDRS or UPDRS-III scores dependent on
rs1491850 genotype (Fig. 2g, h).

BDNF rs908867 and rs1157659 SNPs Not Associated
with Pharmacogenetic Effects

LD subjects did not have different average UPDRS or
UPDRS-III scores dependent on genotype (Supplementary
Figure 2a,b). Furthermore, within-genotype comparisons did
not reveal differences between strategies as assessed by
UPDRS or UPDRS-III scores (Supplementary Figure 2c,d).

Longitudinal Analysis: Genotype Associations Within
Treatment Strategy

BDNF rs6265 T Allele Is Not Associated with Significantly
Worse Scores When on LD over 3 years

To examine if baseline findings between rs6265 genotypes for
those on LD remained consistent over time, a longitudinal
analysis (Fig. 1) was conducted over the first 3 years of the
study from time of enrollment. LD subjects over this extended
interval were examined for an effect of rs6265 on disease
outcomes over time. T allele carriers (C/T or T/T) were not
associated with a worse UPDRS score with LD, compared to
C/C subjects (Fig. 3a; p = 0.2, including Bonferroni correction
for multiple comparisons), nor were differences in UPDRS
subparts detected (Fig. 3c, e, g). The T allele had no effect
on UPDRS or UPDRS-I-III in subjects with LD Plus or No
LD strategies over the 3-year course of treatment of the lon-
gitudinal analysis (Fig. 3b, d, f, h).

Lastly, the PDQ-39 was used as a patient-reported, quality-
of-life measure to determine if findings from the UPDRS in
the baseline cohort were replicated by a subject-reported met-
ric over time. The PDQ-39 average score for T allele carriers
was numerically higher over longitudinal treatment than for C/
C subjects (+ 7.4 points at 36 months, Fig. 3i). In addition, the
PDQ-39 was similar between genotypes for LD Plus and No
LD subjects treated over 3 years (Fig. 3j).
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Fig. 2 BDNF rs6265 SNP and
others in the NET-PD LS-1 base-
line analysis are associated with
differences in outcomes with
specific treatment strategies. In
subjects on levodopa monothera-
py (“LD”), the BDNF rs6265 T
allele (C/T or T/T) is associated
with worse UPDRS total (a) and
part III (b) scores (p = 0.02 and
p = 0.03, respectively). Within
rs6265 T allele carriers, LD was
associated with a worse UPDRS
than a no levodopa regimen (“No
LD”, A, p = 0.01); similarly, No
LD was superior to LD by
UPDRS-III in T allele carriers (b,
p = 0.01). The rs11030094 G al-
lele also showed a within-
genotype difference, where LD is
worse than No LD by UPDRS (c,
p = 0.002) and UPDRS-III (d, p =
0.01); further, LD plus was worse
than No LD by UPDRS (c, p =
0.01). The rs10501087 C/T or C/
C subjects show a worse score in
association with LD by both
UPDRS (e, p = 0.01) and
UPDRS-III (F, p = 0.001). In T/T
subjects, LD Plus was worse than
No LD by UDPRS (e, p = 0.01).
For the rs1491850 SNP, LD was
worse than No LD within T/C or
C/C subjects by UPDRS (g, p =
0.002) and UPDRS-III (h, p =
0.01); further, LD Plus was worse
than No LD (g, p = 0.01). Values
represent the mean ± SEM. *
represents a significant compari-
son. Darkened bars correspond to
“risk” allele carriers; clear bars
correspond to no risk allele.
Group n values are listed within
corresponding bars
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Fig. 3 The BDNF rs6265 SNP in
the longitudinal analysis. With
levodopa monotherapy, carrying
the rs6265 T allele (C/T or T/T)
was not associated with
statistically significant differences
between genotypes by UPDRS,
its parts I–III, or PDQ-39 (a, c, e,
g, i, respectively). For subjects
treated with strategies other than
levodopa monotherapy, no dif-
ferences between rs6265 geno-
types were observed by UPDRS,
its parts I–III, or PDQ-39 (b, d, f,
h, j, respectively). Values repre-
sent the mean ± SEM.
Gray boxes correspond to T allele
carriers; black boxes correspond
to C/C subjects
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BDNF rs11030094 G Allele Is Associated with Worse UPDRS
Scores with LD over 3 years

LD subjects were examined for an association of the
rs11030094 G allele and disease outcomes over 3 years. At
24 months, G allele carriers (A/G or G/G) treated with LD
were associated with worse UPDRS scores (34.7 (2.4)) com-
pared to A/A subjects (23.8 (4.5); Fig. 4a, p = 0.02). UPDRS-
III scores between G allele carriers and A/A subjects were
similar (Fig. 4g). The UPDRS-I, but not UPDRS-II, scores
were on average 1.5 points worse in G allele carriers (2.2
(0.3)) vs A/A subjects (0.7 (0.6); Fig. 4c, p = 0.02). In addi-
tion, G allele carriers treated with LD were associated with
worse baseline PDQ-39 scores (16.9 (1.8)) compared to A/A
subjects (7.9 (4.0); Fig. 4i, p = 0.04).

Examining subjects on the LD Plus or No LD treatment
strategies revealed a small difference between A/A subjects
and G allele carriers by UPDRS at 36 months (30.4 (2.0) vs
34.3 (1.2), respectively; Fig. 4b; p < 0.05). UPDRS-I,
UPDRS-III, and PDQ-39 scores were not associated
with differences between genotypes (Fig. 4d, h j).
However, at 24 months, A/A subjects had worse
UPDRS-II scores (9.8 (0.8)) compared to G allele car-
riers (7.3 (1.9); Fig. 4f, p = 0.04).

BDNF rs1491850 C Allele Is Associated with Worse Scores
with LD over 3 years

LD subjects who possessed the rs1491850 C allele (T/C or
C/C) were associated with worse UPDRS scores than T/T
subjects (at 12 months, 32.9 (2.7) vs 22.4 (4.7), respectively,
p = 0.04; at 24 months, 35.9 (2.4) vs 25.2 (4.2), respectively,
p = 0.02; Fig. 5a). In examining UPDRS-I-III for LD subjects,
UPDRS-I was higher at 12 months for C allele carriers (2.0
(0.3) vs T/T subjects (0.9 (0.5); Fig. 5c, p = 0.04). The PDQ-
39 was not different between C allele carriers and T/T subjects
in the LD group (Fig. 5i). In contrast to the LD subjects, no
differences between rs1491850 genotypes were observed in
UPDRS, its subparts, or PDQ-39 when examining No LD or
LD Plus subjects (Fig. 5b, d, f, h, j).

BDNF rs10501087, rs908867, and rs1157659 SNPs Are Not
Associated with Differences in Outcomes with LD over 3 years

No differences between rs10501087 genotypes were de-
tected by UPDRS or UPDRS-III for LD or LD Plus
subjects (Supplementary Figure 3). Similarly, no differ-
ences between genotypes for either the rs908867 or
rs1157659 SNPs were observed by UPDRS or
UPDRS-III for ei ther LD or LD Plus subjects
(Supplementary Figures 4, 5).

Discussion

Using a hypothesis-driven approach, two potential con-
clusions can be made about disease outcomes for PD
subjects and the BDNF rs6265 SNP. First, the rs6265
SNP may contribute to the heterogeneous outcomes of
the treatment strategies commonly employed in early-
stage PD, particularly for levodopa monotherapy. In
LS-1 subjects treated with levodopa monotherapy at
study entry, carrying the rs6265 T allele is associated
with a clinically meaningful [19] six-point higher
UPDRS score on average, and a four-point difference in
UPDRS-III on average, compared to C/C subjects.
Second, rs6265 T allele carriers have a better disease
outcome with a treatment strategy without levodopa
compared to levodopa monotherapy. Both of these con-
clusions are supported by findings in the baseline analy-
sis and were consistent with the results from the longitu-
dinal analysis. In addition, when accounting for the ef-
fects of rs6265, other BDNF SNPs with previously de-
scribed neurological effects in non-PD contexts were as-
sociated with parallel findings, either on the differences
in outcomes with levodopa monotherapy or on better out-
comes with a treatment strategy without levodopa.

No association exists between the rs6265 T allele and PD
risk [4]. In late-stage PD, BDNF genotype does not affect the
limited remaining response to medication [20]. However, the
rs6265 T allele is associated with earlier development of
levodopa-induced dyskinesia (LID) [7], suggesting an earlier
failure of therapeutic benefit. Of importance, the higher
UPDRS score that was observed in medically treated rs6265
T allele carriers cannot be attributed to LID, as UPDRS-IV
scores were low overall with no differences observed. This
indicates the suboptimal efficacy of T allele carriers on med-
ical therapy precedes the earlier emergence of LID. In addi-
tion, the very low UPDRS-IV scores suggest that rs6265 T
allele carriers are no different in their ON time percentages.
Differences in disease progression rates between genotypes
may contribute to these results, though this is unlikely for
several reasons. First, inclusion criteria selected a relatively
narrow group of subjects with respect to disease duration.
Second, disease duration was a covariate in the statistical
model. Third, the primary findings are present robustly at
baseline when differences in disease progression would result
in relatively small differences in disease stage. Lastly, annu-
alized rates of change in UPDRS (total or its parts) are the
same between the three rs6265 genotypes when compared
separately in early-stage, unmedicated PD subjects in both
the DATATOP and PPMI cohorts [6]. A final explanation
for the present results is T allele carriers may require higher
doses for optimal antiparkinsonian effect, whereas dosing pol-
icies and practice may favor C/C patients; however, this is
partly mitigated by including LEDD as a covariate. Even if

1791BDNF rs6265 Variant Alters Outcomes with Levodopa in Early-Stage Parkinson’s Disease



Fig. 4 The BDNF rs11030094
SNP in the longitudinal analysis.
Possession of the rs11030094 G
allele (A/G or G/G) is associated
with worse performance on
UPDRS when treated with
levodopa monotherapy,
becoming significant at
24 months (a, p = 0.02), and this
difference is also significant at
24 months in UPDRS-I (c, p =
0.02) but not UPDRS-II (e) or
UPDRS-III (g). A difference is
observed in PDQ-39 scores at
baseline between genotypes (i,
p = 0.04). For subjects treated
with strategies other than levodo-
pa monotherapy, A/A subjects
have lower UPDRS score at
36 months compared to G allele
carriers (b, p < 0.05); further, a
difference was observed in
UPDRS-II at 24 months (f, p =
0.04). No differences between
genotypes are observed by
UPDRS-I, UPDRS-III, or PDQ-
39 (d, h, j, respectively). Values
represent the mean ± SEM. *
represents a significant
comparison. Black boxes corre-
spond to G allele carriers;
gray boxes correspond to A/A
subjects
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Fig. 5 The BDNF rs1491850
SNP in the longitudinal analysis.
Carrying the rs1491850 C allele
(T/C or C/C) is associated with
worse performance on UPDRS
when treated with levodopa
monotherapy, becoming
significant at 12 and 24 months
(a, p = 0.04 and p = 0.02,
respectively), and this difference
is also significant at 12 months in
UPDRS-I (c, p = 0.04) but not
UPDRS-II (e), UPDRS-III (g), or
PDQ-39 (i). For subjects treated
with strategies other than levodo-
pa monotherapy, no differences
between genotypes are observed
by UPDRS, its parts I–III, or
PDQ-39 (b, d, f, h, j, respective-
ly). Values represent the mean ±
SEM. * represents a significant
comparison. Gray boxes corre-
spond to C allele carriers;
black boxes correspond to
T/T subjects
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dosing policies tend to favor different genotypes in a way that
is not addressed statistically, these data still implicate BDNF
in the neurobiology of dopamine transmission.

Carrying the rs6265 T allele results in reduced activity-
dependent release of BDNF [10], and in association with our
observations of worse disease outcomes with LD, it is possible
that adequate BDNF release is necessary for an optimal effect
of levodopa. In a heterozygous BDNF knockout mouse, re-
duction of BDNF results in decreased endogenous dopamine
release and dopamine transporter function that is reversed
partly with acute BDNF administration [21]. Further, mice
carrying the rs6265 SNP exhibit increased glutamatergic
transmission and reduced synaptic plasticity in the dorso-
lateral striatum [22]. Carriers of the rs6265 T allele may
have a compromised ability to release dopamine in re-
sponse to oral levodopa. Further, the symptomatic benefits
of exercise may be due to BDNF expression [23, 24].
Conversely, carrying the rs6265 T allele may confer an
advantage to the brain’s ability to compensate to dopamine
depletion in the absence of oral replacement [6]. The pos-
sibility for the rs6265 SNP to account for some of the var-
iance in a sample of PD patients prescribed levodopa might
allow the use of SNP status in trial design, potentially re-
ducing the number needed to enroll and particularly if the
primary outcome is based on UPDRS.

With approximately one-third of the population carrying at
least one of the rs6265 T alleles [11], the present study may
have implications for a large proportion of PD patients.
Precision medicine attempts to differentiate patients in order
to guide clinical decisions. This study is the first to suggest that
in early-stage PD patients, those carrying the rs6265 T allele
have better outcomes when not treated with levodopa mono-
therapy. Current guidelines suggest that initial treatment strate-
gies can include either levodopa or a dopamine agonist [25,
26]. Some advocate for initiating symptomatic therapy with
levodopa but using a dose-limiting strategy through the
addition of a dopamine agonist [27]. This study suggests
that one-third of patients may benefit from treatment strat-
egies that avoid levodopa monotherapy, for example, either
starting with or adding dopamine agonists early in treat-
ment. With this in mind, rs6265 SNP genotyping may be
the first precision medicine approach for any neurodegen-
erative disease that influences a treatment recommendation,
if these results are replicated in a prospective clinical trial.

Other intronic SNPs in the gene BDNFwere examined. After
controlling for rs6265 genotype, the rs11030094, rs10501087,
and rs1491850 SNPs’ minor alleles (G, C, and C, respectively)
were associated with better outcomes from treatment strategies
without levodopa. The neurobiology of these SNPs has received
less attention than the rs6265 SNP; therefore, their impact on
BDNF function requires additional study before the mechanisms
by which these SNPs interact with treatments may be hypothe-
sized. Given the outcomes of the minor alleles for rs11030094,

rs10501087, and rs1491850, the effect on BDNF function may
be similar to the effect of the rs6265 T allele. Regardless of their
mechanisms, these additional alleles may be associated with
clinically important effects.

This study was conducted retrospectively with a specific a
priori hypothesis regarding the BDNF rs6265 SNP. As such,
subjects were not stratified by genotype as part of the trials’
designs. The treating neurologists were not restricted to specific
protocols for treatment strategies, so subjects were not random-
ized nor forced to adhere to particular regimens. While this
design may better reflect community practice, it limited the
power of the longitudinal analysis and added the confound of
selection bias for transitioning minor allele carriers away from
levodopa monotherapy over time. However, genotypes were
not known to any site investigators; therefore, treatment deci-
sions were made blind to the primary variable of interest to this
study. As such, the baseline analysis is likely to be less suscep-
tible to this selection bias than the longitudinal analysis, likely
explaining the loss of significant differences between rs6265
genotypes over time. The NET-PD LS-1 trial was conducted
across many sites by experienced investigators, so the outcome
measures are of high-quality and are generalizable to the PD
patient population. This study’s findings were first generated
from a cross-sectional, baseline analysis that was extended over
3 years in a separate longitudinal analysis. Lastly, as this study
was exploratory and at times used less stringent statistical
criteria, some of the findings may be spurious; however, the
NET-PD LS-1 rs6265 SNP analyses used a Bonferroni correc-
tion for multiple comparisons. To strengthen further the evi-
dence for this study’s conclusions, similar analyses in a pro-
spective trial are the suggested next step.

In summary, the BDNF rs6265 T allele is associated with
worse disease outcomes in those treated with levodopa mono-
therapy in early-stage PD patients. Individuals with the rs6265
T allele (approximately one-third of PD patients) may have
improved early therapeutic outcomes when treated with a reg-
imen that includes a dopamine agonist, with or without levo-
dopa. If this observation is replicated, accounting for BDNF
SNPs in clinical practice and in planning clinical trials may be
warranted. Further investigation of the interaction of the
BDNF SNPs and antiparkinsonian treatment strategies also
may yield new targets for drug development.
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