
We cannot exclude the possibility that some of the
patients in our cohort may have had MSA or, conversely,
that some PD patients had been erroneously misdiagnosed as
MSA and therefore excluded from this cohort as a result of
early autonomic dysfunction. However, a review of our data
showed that 37/104 (35.6%) of the patients included in our
cohort had early autonomic impairment, suggesting that the
latter possibility, if not fully ruled out, is improbable.

We do agree that autonomic dysfunction represents one of
“the hidden game changers in PD” because it is an underre-
cognized and, therefore, undertreated source of PD disabili-
ty, particularly orthostatic hypotension (OH). For instance,
a phase III, randomized, placebo-controlled, double-blind
clinical trial of 224 nondemented PD patients with OH
showed a reduction in the rate of falls by 295% during an
8-week observational period in those receiving droxidopa
compared to placebo.2 In a chart review of 316 PD patients,
we found that OH increased health care utilization indepen-
dently from age, disease duration, motor severity, dopami-
nergic treatment, and cognitive function.3 Importantly, even
“asymptomatic” OH (ie, not endorsing postural lightheaded-
ness) yields similar impairment in quality of life and rate of
falls than symptomatic OH,4 suggesting that traditional
screening questionnaires may not be sufficient to uncover
this treatable complication.

Multiple studies, including the recent publication from De
Pablo-Fernandez and colleagues titled “Association of Auto-
nomic Dysfunction With Disease Progression and Survival in
Parkinson Disease,” have shown that autonomic dysfunction
may affect patients with PD from the very early stages or
even in premotor stages.5 In that publication, the authors
further noted that the earlier appearance of autonomic dys-
function increased the risk of reaching milestones of PD dis-
ability and shortened survival despite the lack of correlation
with a-synuclein pathologic staging. Although confirming the
key role of dysautonomia as a determinant of functional dis-
ability in PD, these data suggest that our current pathological
model fails to recapitulate the complexity of autonomic dys-
function involved in the dysautonomia of MSA and PD.

In conclusion, we agree with the central premise from De
Pablo-Fernandez and Warner that “the possibility of either
clinical misdiagnosis or inappropriate exclusion of patients
must be considered in design and data interpretation, as it
may lead to potential bias affecting the conclusions of the
study.” We also advocate for the institution of a cohort
employing comprehensive autonomic assessments as well as
skin biopsies, peripheral biomarkers, and autopsy material
to assist the next generation of biomarker development
efforts and, ultimately, ushering the era of precision medi-
cine in PD.
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Detection of a-Synuclein in
Saliva: The Importance of
Preanalytical Assessment

We read with great interest the paper by Goldman and
colleagues1 regarding the detection of a-synuclein (a-syn),
tau, and Abeta-42 in different biological fluids from the Bio-
Find cohort. To improve early diagnosis and monitor future
disease-modifying therapies, a reliable and easily accessible
biomarker for Parkinson’s disease (PD) is an important chal-
lenge. To compare different biological fluids in the same
patient could also bring new knowledge on neurodegenera-
tive mechanisms underlying PD.

Saliva is a promising biomarker’s source for its easy and
noninvasive collection method. Despite previous studies
showing reduced total a-syn concentration in the saliva of
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PD patients in comparison to healthy controls,2-4 Goldman
and colleagues1 found no significant differences. It is impor-
tant to note that the authors analyzed the saliva of a small
cohort of PD patients and healthy controls. Moreover, some
important methodological issues could explain the conflict-
ing results or at least should be considered when these
results are compared with those of previous studies. In this
respect, we address 3 preanalytical aspects that are worth
considering in future analysis of salivary a-syn.

1. Collection and storage. Protocols for collection
and storage of salivary samples are not described
by the authors.1 Saliva contains different proteins
and electrolytes, including enzymes that could
affect the detection of a-syn. In previous stud-
ies,2-4 protease inhibitors have been added to
each salivary sample after collection and before
assay procedures. Saliva could also contain cells’
membrane fragments and desquaming epithelial
cells. It is well known that a-syn has a high pro-
pensity to bind lipid membranes.5 Therefore, the
presence of epithelial cells could affect the con-
centration of free a-syn detectable by enzime
linked immunosorbent assay (ELISA). To avoid
these difficulties, in previous studies2-4 saliva has
been centrifugated after collection and only the
supernatant has been stored and submitted to
analytical assays. The storage temperature and
pH are other crucial issues to take into account
because in vitro a-syn aggregation or disaggrega-
tion could undergo in samples stored for long
time at 14 8C or 220 8C.6 In vitro modifications,
in turn, could affect the ELISA detection of a-
syn, interfering with the free protein available to
antibody binding.

2. Total protein concentration in saliva. Protein
concentration in saliva may vary during different
times of the day, according to the salivary secre-
tion rate. Furthermore, in PD patients, salivary
secretion varies in the different stages of the dis-
ease, perhaps affecting biochemical composition
of saliva7 and producing a bias in a-syn quantifi-
cation, especially when the size of the samples
analyzed is small.1 For this reason, preassay mea-
surement of total salivary protein concentration
should be provided. Concentration of a-syn
should be normalized in each sample with total
protein concentration,2,3 or each sample should
be prediluted before assay procedures in accor-
dance to its total protein concentration.4

3. Blood contamination. Hong and colleagues8 pre-
viously reported that a-syn in blood resided pre-
dominantly in red blood cells (>95%) followed
by platelets (1%-4%), indicating that variations
in blood contamination could have a significant

effect on a-syn levels. In CSF, a-syn levels
increased substantially when the hemoglobin level
was >200 ng/ml, whereas when it was <200 ng/
ml, the effects on a-syn levels were negligible.8 In
accordance, Goldman and colleagues1 found a
positive correlation between levels of hemoglobin
and a-syn in saliva, but they excluded from the
analysis only samples with a concentration of
hemoglobin higher then 1200 ng/ml. The contri-
bution of blood-derived a-syn should always be
addressed in all biological fluids analyzed and
more restrictive inclusion criteria for blood-
contaminated samples should be recommended8

to prevent the possible overestimation of salivary
a-syn concentration.

Besides these crucial preanalytical assessments, as a result
of the heterogeneity of a-syn aggregation, an intercohort
variability is expected. ELISA, indeed, as an immune-
enzymatic assay, could be affected by the epitope masking
as a result of the formation of a-syn aggregates. Further
studies are needed to design new methods to detect a-syn
aggregates in biological fluids.
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