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ABSTRACT 
Aim: Ear ly biomar kers of phenoconversion to neur odegeneration ar e crucial to identify individuals 
at high risk. In patients with idiopathic REM sleep behavior disorder (iRBD), the strongest risk factor 
for neurodegeneration, CD4 + T cells exhibit a peculiar transcription factor pattern. 
Objective: To assess transcription factor mRNA levels in CD4 + T cells as pr edictiv e biomarkers of 
phenoconversion in iRBD pa tien ts. 
M etho ds: iRBD pa tien ts w er e follow ed pr ospectiv ely. ROC curv e analysis and Kaplan-Meier curv es 
w er e used to assess the discrimination between converters and non-converters. 
Results: CD4 + T c ells from c onvert ers had higher STAT1 , and lower GATA3 and FOXP3 mRNA levels. 
Hazard ratio was 58.3 (95% CI: 6.2–547.1) for higher STAT1 , 101.2 (95% CI: 16.8–609.4) for lower GATA3 
and 15.7 (2.7–91.4) for lower FOXP3 . 
Conclusion: STA T1 , GA TA3 and FOXP3 mRNA levels in CD4 + T cells are promising predictive 
biomarkers of phenoconversion in iRBD pa tien ts. 

PL AIN L ANGUAGE SUMMARY 
Idiopathic REM sleep behavior disorder (iRBD) can lead to neurodegeneration, and the early 
iden tifica tion of pa tien ts a t risk w ould be crucial . Our r esear ch no w sho ws that mRNA levels of some 
transcription factors in CD4 + T cells may r epr esent ear ly biomar kers pr edicting phenoconv ersion to 
established neur odegenerativ e conditions on av erage up to 3.5 y ears earlier. 

R  

(  

u  

s  

l  

i  

(  

i  

p  

I  

a  

t  

[
 

t  

3  

9  

(  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C

©
T
p
p

apid eye movement (REM) sleep behavior disorder
RBD) is classified as REM-phase parasomnia, in which
ndesirable physical events are predominant during
leep [ 1 ]. RBD can occur without any coexisting neuro-
ogic disorders (so-called idiopathic RBD or iRBD) but it
s typically associated with neur odegenerativ e disor ders
38–75%) [ 2 ]. Although with different times and modal-
ties in the v arious pa tien ts, RBD may be a pr odr omal
hase for the development of Parkinson’s disease (PD) [ 3 ].

ndeed, it has been shown that the RBD-synucleinopathy
ssocia tion w as particularly high when RBD preceded
he onset of other neur odegenerativ e syndr ome featur es
 4 ]. 

People with iRBD have an estimated risk to convert
o established neur odegenerativ e conditions of about
3% at 5 years, which however may rise to more than
6% at 14 years, and most subjects c onvert t o PD

43%) or to dementia with Lewy body (DLB; 25%) [ 5 ].
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Identifying predictors of phenoconversion from iRBD to
PD and other neur odegenerativ e conditions w ould be
of paramount importance for the timely iden tifica tion
of people at increased risk of conversion, who could
ther efor e undergo earlier and possibly mor e aggr essiv e
to therapeutic approaches [ 6 ]. 

Recently, it has been described that the pr odr omic
markers of phenoconversion range from clinical assess-
ments such as smell and motor function, to blood tests,
cer ebr ospinal fluid analysis, tissue biopsies, neuroimag-
ing and genetics [ 7 ]. Sumi and colleagues showed in a
recent paper that minor hallucinations in iRBD patients
may r epr esent an early sig n of phenoc onversion t o
neurodegeneration, since in their sample of ten subjects
with iRBD and hallucinations, two patients developed PD
and three DLB [ 8 ]. Park and colleagues (2023), looking
for predictors of phenoconversion in iRBD pa tien ts, found
out that low level of cardiac metaiodobenzylguanidine
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A rticle highligh ts 

• Patients with idiopathic REM sleep behavior disorder (iRBD) are at 
risk of pr ogr ession t o ward established neurodegeneration, and 
early biomarkers of phenoconversion would be crucial to identify 
individuals at higher risk. 

• This study shows tha t , in iRBD subjects pr ogr essing to 
neur odegenerativ e conditions, CD4 + T cells have higher 
expression of the transcription factors STAT1 , and lower levels of 
GATA3 and FOXP3 on average 3.5 years before progression. 

• STA T1 , GA TA3 and FOXP3 mRNA levels in CD4 + T cells are therefore 
pr omising pr edictiv e biomarkers of phenoconv ersion in iRBD 
patients. 
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MIBG) may predict phenoc onversion t o DLB and ele-
 a ted plasma neurofilament light chain (NfL) level may
r edict phenoconv ersion to multiple system atrophy

MSA) [ 9 , 10 ]. 
As part of our r esear ch focusing on peripheral immu-

ity in PD development and progression, we recently
haracterized in CD4 + T lymphocytes of PD pa tien ts
 peculiar pattern of expression of transcription factor
enes [ 11 ], and in a subsequent study we assessed

ranscription factor genes expression in CD4 + T cells
rom subjects with iRBD, in comparison to cells from
ealthy subjects (HS) and from PD pa tien ts [ 12 ]. Our main
 esults show ed that, compar ed with HS, iRBD subjects
nd PD pa tien ts had lower TB X21 , ST AT3 and ST AT4

evels and higher FOXP3 expression. In terestingly, TB X21
xpression discriminated healthy subjects from iRBD
ubjects and PD pa tien ts. We concluded tha t peripheral
mmunity may be an early player in the chain of events
ltimately leading to neurodegener ation. W hether the
eculiar CD4 + T cells transcription factor profile in iRBD
ubjects may predict subsequent conversion to clinically
efined neur odegenerativ e conditions r emained to be
stablished. 

The present study now consists of a follow-up of the
ame iRBD subjects enrolled in the previous research [ 12 ],
ith the aim to identify 3 years later who was eventu-

lly phenoc onvert ed t oward a frank neurodegenerative
ondition. The transcription factor genes expression
rofile in CD4 + T cells originally characterized has been
ow compared in converted and not converted iRBD
ubjects, to iden tify candida te biomarkers to be tested as
redict ors of phenoc onversion t o PD as well as t o other
eur odegenerativ e conditions. 

. M etho ds 

.1. Subjects 

he present study includes pa tien ts with iRBD, originally
nrolled in a study aimed a t investiga ting transcription
actor genes expression in CD4 + T cells from subjects
with iRBD, in c omparison t o c ells fr om HS and fr om PD
pa tien ts [ 12 ]. In the original study, the inclusion cr iter ion
was iRBD diagnosis according to the In terna tional Classifi-
cation of Sleep Disor ders, thir d edition [ 13 ], and exclusion
cr iter ia w er e any history of autoimmune or inflammatory
disor ders and chr onic immunosuppr essiv e tr ea tmen t,
any sign of neur odegenerativ e disease or dementia, any
neurolog ical c omorbidity, posttraumatic str ess disor der,
use of substance or alcohol abuse, or sev er e sleep apnea.
All the subjects w er e enr olled betw een May and June
2019. The Ethics Committee of the Neurological Institute
“C. Mondino” of Pavia (I) appr ov ed the prot oc ol (number
2021008499, 10/02/2021) and all the participants signed
a wr itten infor med consent befor e enr ollment. The study
was performed ac c ording t o the Declaration of Helsinki
and to the relev an t ethical guidelines for r esear ch on
humans. 

1.2. Clinical & laboratory assessment 

Pa tien ts w er e follow ed at the Sleep Center of the Neuro-
log ical Institut e “C. Mondino”of Pavia (I). The clinical eval-
uation included: motor symptoms, assessed by means
of the Unified Parkinson’s Disease Rating Scale (UPDRS)
part III [ 14 ]; c og nitive function, by the Mini Mental
Sta te Examina tion (MMSE) [ 15 ]; constipa tion and ortho-
static hypotension by means of the Scale for Out c omes
in Parkinson’s disease �Autonomic (SCOPA �AUT) [ 16 ];
depr essiv e symptoms, by means of the Hamilton Rating
Scale for Depression (HAM-D) [ 17 ]. 

At the original enrollment, each patient provided a
venous blood sample, which was processed to isolate
CD4 + T c ells, ac c ording t o an established pr ocedur e [ 11 ].
Total RNA was then ex trac ted from CD4 + T cells, and
mRNA levels of the transcription factor genes TBX21 ,
ST AT1 , ST AT3 , ST AT4 , ST AT6 , R OR C , GATA3 , FOXP3 and
NR4A2 w er e finally assay ed by r eal-time PCR, as pr eviously
detailed [ 12 ]. 

Subjects with iRBD w er e follow ed pr ospectiv ely with
periodic in-person ev alua tions t o diag nose phenoc on-
version, i.e., parkinsonism (ac c ording t o the MDS clinical
diag nostic crit eria for Parkinson’s disease) [ 18 ], DLB
(Consortium guidelines) [ 19 ] and MSA (ac c ording t o the
c onsensus crit eria) [ 20 ]. Each pa tien t with suspected
demen tia underwen t a compr ehensiv e neur opsy cholog-
ical ev alua tion perfor med by an exper ienced neuropsy-
chologist [ 21 ]. 

1.3. Isolation of CD4 
+ T cells & real-time 

p olymerase cha in reaction assay 

Peripheral blood mononuclear cells w er e separated by
F icoll-P aque Plus density gradient cen trifuga tion; then
CD4 + T cells w er e obtained by immunomagnetic sorting,
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s described [ 12 ]. Cell viability was 95% ± 1% (range,
0–98%), and purity was 98% ± 2% (range, 97–100%).
xpression of the TF genes TBX21, ST AT1, ST AT3, ST AT4,
TAT6, R OR C, GATA3, FOXP3 and NR4A2 was measured by
eal-time polymerase chain reaction. 

.4. Real-time PCR conditions 

or real-time PCR assays of CD4 + T cells, at least
0,000 CD4 + T cells w er e r esuspended in PerfectPur e
NA lysis buffer (5 Prime GmbH, Hamburg, Germany)
nd total RNA was ex trac ted by PerfectPure RNA Cell
it TM (5 Prime GmbH, code 2302340). The amount of
x trac ted RNA w as estima ted by spectrophotometry at
= 260 nm. Total mRNA was then r ev erse-transcribed

sing a random primer and a high-capacity cDNA RT kit
Applied Biosy st ems, c ode 4368813), and the resulting
moun t of cDNA w as estima t ed by spectrophot ometry
t λ = 260 nm. Real-Time PCR reactions were then
tarted with 1 μM cDNA. At the beginning, we always
oaded 1 μg/ μl of cDNA per reaction (final reaction mix
olume + sample = 20 μl). This means that for each
 eaction w e load 2 μl of aqueous solution containing the
DNA (ther efor e, 2 μg of cDNA in total). The following
hermal prot oc ol was used for each sample: 20 s at 95 ◦C
x 1, hot start); 2-step cycles as follows: 1 s at 95 ◦C, 20 s at
0 ◦C (x 40). All the reagents (probes and mix) were used
c c ording t o the manufacturer’s instructions ( www.bio-ra
.com ). 

.5. St atistical analy sis 

ata ar e expr essed as means ± standar d deviations
SD) or medians with int erquartile range, aft er verifying
 normal distribution using the D’Agostino & Pearson
ormality test . S tatistical significance of the differences
etw een gr oups was assessed by tw o-tailed Student’s
 test for unpaired data for continuous variables or by
he χ2 test for categorical variables. A r eceiv er operating
haracteristic (ROC) curve analysis was used to assess the
iscrimination of phenoc onvert ed (c onvert ers) and not
henoc onvert ed (not-c onvert ers) iRBD pa tien ts, based
n CD4 + T cell expression of transcription factor genes.
o this end , w e estimated the ar ea under the ROC curv e
AUC) using a logistic model as a general measure of
ccuracy, with values between 0.5 and 0.7 indicating no
r low discrimination, between 0.7 to 0.8 ac c eptable, 0.8

o 0.9, good and > 0.9 outstanding [ 22 ]. Sensitivity was
efined as the fraction of values in the group of subjects
ith the specific condition that are above the threshold,

nd specificity as the fraction of values in the control
r oup that ar e below the thr eshold . Likelihood ratio

LR) was then calculated as sensitivity/(100 – specificity)
nd taken as the ratio of the probability of the specific
test result in future c onvert ers t o the probability in not-
c onvert ers. Phenoc onversion w as ev alua ted by Kaplan-
Meier analysis and the differ ences w er e tested by log-
rank test with the hazard ratios (HR) calculated using
Mantel–Haenszel method. For Kaplan-Meier estimates,
time = 0 was set at or iginal enrolment. Censor ing time
for not phenoc onvert ed iRBD pa tien ts w as set on January
31st, 2023, or, in the event of death, on the date of
dea th. Calcula tions w er e performed using a commer cial
software (GraphPad Prism version 10.0.0 for Windows,
GraphPad Software, MA, USA, www.graphpad.com ). 

2. Results 

2.1. Subjects 

The original study [ 12 ] included 33 iRBD subjects. Two
of them how ev er w er e lost at f ollow-up, theref ore the
present study includes 31 subjects ( Table 1 ). Subjects
w er e follow ed for a mean ± SD of 1277 ± 195.4 days
(median: 1333; interquartile range: 1312–1347). 

2.2. Phenoc onv ersion during follo w -up 

During follow-up, 8 patients (24.2%) c onvert ed t o a neu-
r odegenerativ e disor der: 5 to parkinsonism (4 PD and 1
MSA) and 3 to dementia (probable DLB) ( Supplementary
Table S1 ). At enrolment, future c onvert ers did not differ
fr om not-conv erters accor ding to either gender, age,
disease duration, UPDRS Part III, or MMSE ( Table 1 ),
constipa tion [presen t in 2 (25%) of t otal c onvert ers and in
6 (30%) of total not-conver ters], or thostatic hypotension
[present in 1 c onvert er (12.5%) and 4 not-c onvert ers
(20%)] and hyposmia [present in 2 c onvert ers (12.5%)
and no not-c onvert ers]. During follow-up, 2 subjects died
among c onvert ers (1 MSA and 1 DLB) and one among not-
c onvert ers. 

2.3. Tr anscription f actors mRNA levels in CD4 
+ T 

cells & phenoconversion 

In comparison to not-con verters, con verters had higher
expr ession lev els of STAT1 , and low er lev els of GATA3
and FOXP3 (Figure 1). Ac c ording t o ROC curve analy sis,
on average STAT1 levels provided a good discrimination
(mean AUC = 0.886, with 95% CI = 0.765–1.000), GATA3
levels an excellent discrimination (mean AUC = 0.918,
with 95% CI = 0.775–1.000) of futur e conv erters and
not-c onvert ers, while discrimination provided by FOXP3
levels was ac c eptable (mean AUC = 0.799, with 95%
CI = 0.598–0.999) (Figure 2). Highest likelihood ratios
w er e 11,500 for STAT1 , 20,130 for GATA3 and 11,500 for
FOXP3 . Using the r espectiv e corr esponding values of
mRNA lev el as thr esholds, Kaplan-Meier survival analysis
provided a HR of 58.3 (95% CI: 6.2–547.1) for subjects

https://www.bio-rad.com
https://www.graphpad.com


4 M. PINOLI ET AL. 

Table 1. Characteristics of iRBD patients. 

All Phenoconversion P no vs yes Lost at follow-up 

no yes 

N 33 23 8 2 
Gender (M/F) 29/4 20/3 7/1 1.000 2/0 
Age (years) 70.4 ± 6.8 70.1 ± 7,3 71.9 ± 5.9 0.501 68 ± 4.2 
Disease duration 
(years) 

7.7 ± 7.5 5.9 ± 4.3 9.2 ± 5.3 0.141 21 ± 26.9 

UPDRS Part III 
(score) 

1.9 ± 2.7 1.4 ± 2.7 3 ± 2 0.095 3 ± 4.2 

0 (n) 20 17 2 1 
1–10 (n) 13 6 6 1 
11–20 (n) 0 0 0 0 
> 20 (n) 0 0 0 0 
MMSE 28.6 ± 2.1 28.7 ± 2.3 28.4 ± 1.6 0.719 28 ± 1.4 
< 26 1 1 0 0 
≥26 32 22 8 2 

Data are means ± SD unless otherwise indicated and refer to the time of recruitment in the study. 
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ith high expression levels of STAT1 , 101.2 (95% CI: 16.8–
09.4) for subjects with low expression levels of GATA3
nd 15.7 (2.7–91.4) for subjects with low expression levels
f FOXP3 . R emar kably, GATA3 mRNA lev els thr eshold
iscriminated 7 out of 8 c onvert ers, while STAT1 and
OXP3 mRNA levels thresholds only 4 and 5, respectively
Figure 2). 

.4. Blo o d count & phenoconversion 

omplet e blood c ounts of iRBD subjects w er e all within
ormal limits ( Table 2 ). There was no difference between
 onvert ers and not-c onvert ers, exc ept for the percentage
f monocytes, which was on average 23.5% higher in
 onvert ers in c omparison t o not-c onvert ers. ROC curve
naly sis of perc entage monocyt es provided a on average
 good discrimination of future c onvert ers and not-
 onvert ers ( Supplementary Figure S1 ), with a mean AUC
f 0.864 (95% CI: 0.737–0.991). The highest likelihood

a tio (5.556) w as obtained taking 9.6% as the threshold
alue. Using this value, Kaplan-Meier survival analysis
rovided a HR of 6.0 (95% CI: 1.1–32.2). Percentage
onocyt es threshold discriminat ed 5 out of 8 c onvert ers

 Supplementary Figure S1 ). 

. Discussion 

n the present study, we follo wed o ver about 3.5 years
he cohort of iRBD subjects enrolled in our previous
 esear ch [ 12 ], with the aim to identify who was eventu-
lly phenoc onvert ed t oward a frank neurodegenerative
ondition and assess whether any of the transcription
actor genes in CD4 + T cells originally characterized could
ow work as a biomarker pr edicting phenoconv ersion to
eur odegenerativ e conditions. We originally enrolled 33

RBD subjects, how ev er 2 w er e lost during follow-up, thus
nly 31 could be finally ev alua ted. As a whole, 8 pa tien ts

24.2%) c onvert ed t o a neur odegenerativ e disor der: 4 to

 

PD, 1 to MSA and 3 to DLB ( Supplementary Table S1 ). In
iRBD subjects, the rate of phenoconversion over 5 years
is about 35%, while the 10- to 25-year risk is about
41% to 90.9% [ 23 ]. In a recent study, of 281 patients
who w er e fr ee of parkinsonism or dementia, the ov erall
phenoc onversion rat e was 24.2% af ter 3 years, 44.8% af ter
6 years and 67.5% after 10 years [ 24 ]. In our cohort of iRBD
subjects, at the time of the original enrolment average
iRBD dura tion w as 7.7 y ears, ther efor e now it is about
11.2 y ears. A phenoconv ersion rate of 24.2% between
7.7 and 11.2 years of disease duration appears in good
agreement with published evidence. 

Our results show that, in c omparison t o not-c onvert ers,
c onvert ers had higher expression levels of STAT1 and
low er lev els of GATA3 and FOXP3 (Figur e 1), which
ac c ording t o ROC curve analy sis pro vided o verall a good
discrimination of future c onvert ers and not-c onvert ers.
R emar kably, GATA3 mRNA levels performed best, discrim-
inating 7 out of 8 c onvert ers, while STAT1 and FOXP3
mRNA levels only 4 and 5, respectively (Figure 2). A good
discrimination of future c onvert ers and not-c onvert ers
was also provided by the percentage of monocytes, which
was higher in c onvert ers in c omparison t o not-c onvert ers.
Perc entage monocyt es threshold discriminat ed 5 out of 8
c onvert ers ( Supplementary Figure S1 ). 

Transcription factor genes expression in CD4 + T
cells likely affects the differen tia tion proc ess t oward
the different CD4 + T cell lineages/phenotypes [ 11 ]. In
particular, STAT1 c ontribut es t o driving Th1 differentia-
tion [ 25 ], while GATA3 , regulates Th2 development [ 26 ]
and FOXP3 is centrally inv olv ed in the development
and maint enanc e of the Treg phenotype [ 27 ]. CD4 + 

T cells Whether the peculiar CD4 + T r egar ded as key
players in the complex chain of events finally leading
to neuroinflammation and neurodegeneration in the
c entral nervous sy st em [ 28 ], and in particular increased
Th1 and decreased Th2 and Treg have been shown in
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Table 2. Complete blood count in iRBD patients. 

Units Range All Phenoconv ersion noy es P no vs yes Lost at follow-up 

RBC 1012/l 4.70–6.10 4.9 ± 0.5 4.9 ± 0.4 5.1 ± 0.3 0.278 4.7 ± 0.1 
Hemoglobin g/dl 14.0–18.0 14.4 ± 1.4 14.1 ± 1,5 15.2 ± 1.4 0.080 14.0 ± 1.0 
hematocrit % 42.0–52.0 44.8 ± 4.0 44.2 ± 4.1 47.0 ± 3.7 0.091 43.7 ± 2.3 
MCV Fl 80.0–94.0 91.0 ± 9.3 90.4 ± 8.6 92.5 ± 9.4 0.588 92.0 ± 3.2 
MCH Pg 27.0–31.0 29.2 ± 3.4 28.9 ± 3.2 30.0 ± 3.4 0.474 29.5 ± 1.4 
MCHC g/dl 32.0–36.0 32.0 ± 0.7 31.9 ± 0.8 32.2 ± 0.6 0.381 32.0 ± 0.5 
platelets 10 9 /l 130–400 215.3 ± 56.6 216.3 ± 62.1 216.3 ± 48.5 0.996 201.0 ± 0.0 
WBC 10 9 /l 4.8–10.8 6.1 ± 1.4 6.1 ± 1.3 6.1 ± 1.0 0.967 7.5 ± 1.1 
lymphocytes 10 9 /l 1.3–2.9 1.7 ± 0.5 1.8 ± 0.5 1.7 ± 0.2 0.599 1.7 ± 0.1 

% 20.5–45.5 28.9 ± 8.3 29.9 ± 9.1 27.8 ± 7.0 0.551 22.3 ± 1.3 
monocytes 10 9 /l 0.3–0.8 0.5 ± 0.1 0.5 ± 0.1 0.6 ± 0.1 0.080 0.6 ± 0.1 

% 5.5–11.7 8.6 ± 1.5 8.1 ± 1.4 10.0 ± 1.7 0.002 8.3 ± 1.8 
neutrophils 10 9 /l 2.2–4.8 3.7 ± 1.2 3.6 ± 1.2 3.7 ± 1.0 0.949 4.9 ± 0.7 

% 43.0–65.0 59.1 ± 8.8 58.8 ± 9.4 58.9 ± 8.8 0.979 65.1 ± 0.5 
eosinophils 10 9 /l 0.0–0.2 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.974 0.2 ± 0.2 

% 0.9–2.9 2.7 ± 1.2 2.6 ± 1.2 2.7 ± 1.3 0.841 3.5 ± 2.3 
basophils 10 9 /l 0.0–0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.584 0.0 ± 0.1 

% 0.2–1.0 0.5 ± 0.2 0.5 ± 0.3 0.6 ± 0.2 0.811 0.7 ± 0.3 

Data are means ± SD unless otherwise indicated and refer to the time of recruitment in the study. 
MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin c onc entra tion; MCV: Mean c orpuscular volume; RBC: Red blood cell; WBC: White 

blood cell. 
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he peripheral blood of PD pa tien ts [ 11 ]. One would be
her efor e t empt ed t o speculat e that higher expression
evels of STAT1 , and lower levels of GATA3 and FOXP3 ,

hich in the present study pr edict iRBD phenoconv ersion
o established neurodegeneration, may correspond to
ncr eased Th1 differ en tia tion and decr eased Th2 and Tr eg
ifferen tia tion of CD4 + T cells, eventually favoring the
evelopment of a proinflammatory milieu similar to the
ne that may occur later in PD [ 11 ]. 

As for increased monocytes, the finding is in strong
gr eement with r ecent evidence showing correlation of
onocyte markers with immune and neuronal brain

hanges in RBD subjects [ 29 ], and with da ta poin ting to
 key role of monocytes in aging and neurodegenera-
ion [ 30 ]. 

Which could be the r eal-w orld usefulness of the
iomarkers identified in the present study? Let’s take as
 case study GATA3 levels, which was the best predictor,
iscriminating 7 out of 8 c onvert ers in our cohort.
ATA3 levels had on average 87.5% sensitivity and 95.6%

pecificity. Taking as a r efer enc e the phenoc onversion
at e report ed by Zhang, et al. [ 24 ], which was 24.2%
fter 3 years, and 67.5% after 10 y ears, w e obtain for
henoc onversion aft er 3 y ears a positiv e pr edictiv e value

PPV, the probability that the disease is present when
he test is positive) of 92%, and a negative predictive
alue (NPV, the probability that the disease is not present
hen the test is negative) of 96%. After 10 years, the
PV is 98.7% and the NPV is 79%. This means that

n case testing iRBD subjects at the time of diagnosis
r ovides a positiv e r esult, the risk of phenoconv ersion

s 92% after 3 years and nearly 99% after 10 years.
n other w or ds, the test could be extremely useful to
identifiy with precision subjects at high and low risk
of phenoconv ersion, r esulting of major benefit in both
planning individualized monitoring strategies for the
follow-up of iRBD subjects as well as for organizing and
running clinical trials of potential neur opr otectiv e and
phenoconv ersion-pr ev enting therapeutics, pr efer entially
targeting subjects at high risk of phenoconversion. 

4. Conclusion 

We have identified some promising biomarkers, possibly
pr edictiv e of phenoconversion in iRBD subjects. These
markers include the expression levels of STA T1 , GA TA3 and
FOXP3 mRNA in CD4 + T cells, as well as the percentage
of circulating monocytes . C onfirmatory studies are now
needed to v alida te these markers for routine clinical use. 

The present findings moreover provide further sup-
port to the notion that early engagement of peripheral
immunity provides a major contribution to the processes
ultimately leading to neurodegeneration and emphasize
the potential of the peripheral immune system as target
for novel therapeutic strat eg ies in RBD and in related
neur odegenerativ e conditions [ 31 ]. 
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