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A B S T R A C T

Depending on age, both the risk and characteristics of Parkinson’s disease (PD) differ between the sexes. The 
immune system might have a role; however, human-based evidence remains scarce. Here, we investigated the 
relationship between peripheral immune cellular composition and the clinical-biological sexual dimorphism of 
PD. The leukocyte population count (neutrophils, lymphocytes, monocytes, eosinophils, and basophils), the 
neutrophil-to-lymphocyte ratio (NLR), and the monocytes-to-lymphocytes ratio (MLR) were collected and 
compared in 117 PD patients and 86 controls (CTLs), and then related to blood levels of sex hormones, CSF 
markers of neurodegeneration (α-synuclein, amyloid-β-42, amyloid-β-40, total tau, and phosphorylated-181-tau), 
and clinical features in male and female PD patients. Finally, a cluster analysis based on the three main leukocyte 
populations (neutrophils, lymphocytes, monocytes) was performed for the entire PD cohort. Male PD patients 
had lower lymphocyte counts and higher NLR than male CTLs. Females with PD had lower monocyte counts, 
NLR, and MLR than males with PD. Lymphocyte counts correlated with cognition in male, but not female, PD 
patients. Finally, two clusters of peripheral immune cellular composition were identified: the “high peripheral 
inflammation” one, mostly comprising male patients, with worse clinical features and greater central α-synuclein 
burden, and the “low peripheral inflammation cluster”, which mainly comprised female patients, with milder 
clinical features and lower central synucleinopathy. In conclusion, the peripheral immune pattern entails sex- 
specific clinical-biological profiles in PD. Moreover, systemic inflammation clusters with sex, sexual hor
mones, clinical features, and central synucleinopathy in PD, supporting the relevance of immunity in sexual 
dimorphism of the disease.

1. Introduction

Parkinson’s disease (PD) is characterized by profound heterogeneity. 
Although the PD-related neuropathology hallmarks, namely the wide
spread intraneuronal accumulation of α-synuclein (α-syn) containing 
Lewy bodies (LBs) and the loss of dopaminergic neurons of Substantia 

Nigra pars compacta, are well defined, the clinical-pathological corre
lations vary at an individual level due to the complexity of pathogenic 
mechanisms (Kalia and Lang, 2015).

In this regard, biological sex is a main determinant of PD presenta
tion. PD is more prevalent in males, with the male-to-female ratio pro
gressively increasing with age (Moisan et al., 2016), and its clinical 

* Corresponding author at: Unit of Neurology, Department of Systems Medicine, University of Rome Tor Vergata, Via Montpellier, 00133 Rome, Italy.
E-mail address: t.schirinzi@yahoo.com (T. Schirinzi). 

Contents lists available at ScienceDirect

Journal of Neuroimmunology

journal homepage: www.elsevier.com/locate/jneuroim

https://doi.org/10.1016/j.jneuroim.2025.578610
Received 10 February 2025; Received in revised form 29 March 2025; Accepted 4 April 2025  

Journal of Neuroimmunology 403 (2025) 578610 

Available online 5 April 2025 
0165-5728/© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

mailto:t.schirinzi@yahoo.com
www.sciencedirect.com/science/journal/01655728
https://www.elsevier.com/locate/jneuroim
https://doi.org/10.1016/j.jneuroim.2025.578610
https://doi.org/10.1016/j.jneuroim.2025.578610
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jneuroim.2025.578610&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
prome
Evidenziato



presentation exhibits a distinct sex dimorphism (Bovenzi et al., 2024a), 
suggesting that several factors influence aging and neurodegeneration 
differently in males and females (Bovenzi et al., 2024b, 2023).

Compelling evidence suggests that sex hormones likely play a sub
stantial role (Bovenzi et al., 2023; Conti et al., 2025). Similarly, neu
roinflammation and the immune system, two major drivers in PD 
pathophysiology (Madetko et al., 2022; Massaro Cenere et al., 2024), 
might exhibit different activity between males and females, contributing 
to the sex specificity of the disease (Ferreira et al., 2023; Lopez-Lee et al., 
2022; Sciarra et al., 2023).

Existing studies have mostly addressed the relationship between sex 
or immunity and clinical-biological aspects of PD separately, never 
providing a unifying approach.

Here, we combined different biomarkers series to directly examine 
the interactions among these three axes in patients and further dissect 
the pathophysiological bases of sexual dimorphism in PD.

In particular, we collected both leukocyte count and the ratios 
among leukocyte populations – the Neutrophils-to-lymphocytes ratio 
(NLR) and the Monocyte-to-lymphocyte ratio (MLR) – as markers of the 
systemic inflammatory response (Bissacco et al., 2024; Conti et al., 
2024; Grillo et al., 2023; Rosina et al., 2024), as well as CSF neuro
degeneration biomarkers (α-syn, amyloid, and tau proteins), and the sex 
hormone levels in a wide cohort of deeply phenotyped male and female 
PD patients. We then performed a group analysis to assess sex-specific 
differences in the clinical-biological pattern and a cluster analysis to 
investigate how inflammatory factors grouped in determining the 
composite profiles of the disease.

2. Materials and methods

2.1. Study population

This study involved 117 PD patients and 86 controls (CTLs), enrolled 
at the Neurology Unit of Tor Vergata University Hospital (Rome, Italy) 
between 2020 and 2024.

PD patients were diagnosed by movement disorder specialists 
following the 2015 MDS Criteria. Controls were subjects with other non- 
neurodegenerative and non-inflammatory conditions receiving lumbar 
puncture for diagnostic purposes (e.g., headache, functional disorders, 
or PNS diseases). Exclusion criteria for both PD patients and CTLs were 
main acute/chronic internal/inflammatory/infectious diseases poten
tially affecting blood counts, recent vaccination (<3 months), immu
nosuppressant/immunomodulant therapies, other neurodegenerative 
diseases and/or movement disorders, a history of gynecological/pros
tate malignancy, and use of hormone therapies.

For all participants, demographic, clinical, and anthropometric data 
were recorded. PD patients were assessed in the “ON” state (under the 
effect of dopaminergic therapy) within one week from fluids sampling. 
Motor severity was evaluated using the MDS Unified Parkinson’s Disease 
Rating Scale Part II, III, and IV (MDS-UPDRS II, III, and IV) (Fahn, S; 
Elton, 1987) and the Hoehn and Yahr scale (H&Y). Cognitive function 
was assessed using the mini-mental state examination (MMSE) adjusted 
for age and educational level (Folstein et al., 1975), and the Montreal 
cognitive assessment (MoCA) (Nasreddine et al., 2005). Non-motor 
symptoms were evaluated using the Non-motor Symptoms Scale 
(NMSS) (Chaudhuri et al., 2007). For all patients, the personal levodopa 
equivalent daily dose (LEDD, mg/day) was calculated using the con
ventional formula (Schade et al., 2020).

2.2. Sex hormones assay

Serum sex hormone levels, including estradiol (E2), total testos
terone (TT), and gonadotropins (luteinizing hormone - LH, follicular 
stimulating hormone - FSH), were measured in n = 112 PD patients and 
n = 34 CTLs, as previously described (Bovenzi et al., 2023). All blood 
samples were taken between 8 and 10 a.m. In fertile females (n = 9 PD 

patients and n = 1 HC), sex hormone levels were measured during the 
follicular phase of their menstrual cycle (days 3 to 9).

2.3. CSF biomarkers assay

CSF was withdrawn via lumbar puncture. The levels of amyloid-β-42 
(Aβ42), amyloid-β-40 (Aβ40), total tau (t-tau), phosphorylated-181-tau 
(p-tau), and total α-syn were measured in n = 109 PD patients and n 
= 60 CTLs, as previously described (Bovenzi et al., 2023). The Aβ42/p- 
tau and the Aβ42/Aβ40 ratios were calculated for all subjects.

2.4. Peripheral immune cell count

Blood was withdrawn within 30 min of the lumbar puncture in a 
fasting state from all PD patients and n = 61 CTLs. It was analyzed in the 
local lab by using an automated hematological analyzer (Dasit-Sysmex, 
Milan, Italy).

Leukocyte counts (neutrophils, lymphocytes, monocytes, eosino
phils, and basophils) were recorded for all subjects. The neutrophil, 
lymphocyte, and monocyte counts were used to calculate their ratios 
and to generate the NLR and the MLR.

2.5. Statistical analysis

The Kolmogorov-Smirnov test was used to preliminarily assess the 
normal distribution of data. If variables were non-normally distributed, 
they were Log10-transformed. Qualitative variables between groups 
were compared using the Chi-square test. Clinical variables between 
male and female PD patients were compared using an independent two- 
sample t-test and the one-way-ANCOVA test, adjusted for age and dis
ease duration.

Biological variables between male and female PD patients and male 
and female CTLs were compared using one-way ANOVA with post-hoc 
Tukey correction and then validated through an ANCOVA test 
adjusted for age.

Associations between sex hormone levels, inflammatory markers, 
clinical parameters, and CSF biomarkers were examined using simple 
Pearson correlations and partial correlations, with age and disease 
duration as covariates.

The false discovery rate (FDR) method was applied to correct for 
multiple comparisons and control for type I errors.

Cluster analysis, using the K-means algorithm was employed (Ikotun 
et al., 2023), was performed to divide the PD cohort into distinct groups 
based on peripheral immune pathways. Neutrophil, lymphocyte, and 
monocyte counts were used as variables in the cluster analysis. The K- 
means method iteratively assigned each data point to one of the K 
clusters by minimizing the variance within each cluster, aiming to find 
the optimal centroids. K values considered for the analysis ranged from 2 
to 10. A maximum number of 100 was allowed. The silhouette index 
(Rousseeuw, 1987) was used to evaluate the stability and quality of 
these clusters. A silhouette score close to 1 indicates well-separated and 
cohesive clusters, while a score near 0 suggests overlapping clusters. 
Silhouette scores were repeated 15 times for each K cluster, and the 
mean values were considered. A Chi-square test and a two-sample t-test 
were used to compare the qualitative and quantitative variables of the 
clusters found.

3. Results

The demographic, cellular, and biochemical data of the study pop
ulation are summarized in Table 1, while clinical data are presented in 
Table 2.

The male-to-female ratio was similar between PD patients and CTLs 
(M/F = 74/43 and 46/30 respectively, χ2 = 0.15, p = 0.703). Age was 
similar across the four groups. The main clinical motor and non-motor 
features, as well as dopaminergic requirements, did not differ between 
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male and female PD patients.

3.1. Cellular and biochemical differences between groups

A significant difference emerged between groups in all the assessed 
peripheral immune cells (Table 1).

As shown in Fig. 1, Panel A, the post-hoc analysis showed that males 
with PD had lower lymphocyte counts than male CTLs (p < 0.001). No 
significant differences emerged in the lymphocyte count between fe
males with PD and female CTLs.

Interestingly, the NLR value was higher in male PD patients than in 
male CTLs (p = 0.001) and female PD patients (p = 0.013). However, no 
intersex differences emerged in the CTLs group (Fig. 1, Panel B).

Furthermore, females with PD had a lower monocyte count than 

males with PD (p < 0.001), and both female (p = 0.026) and male CTLs 
(p < 0.001), while no intersex differences emerged in the monocyte 
count in CTLs (see Fig. 1, Panel C).

Of note, as shown in Fig. 1, Panel D, females with PD had signifi
cantly lower MLR than males with PD (p < 0.001), while no differences 
emerged between male and female CTLs.

Additionally, a significant difference emerged between groups in TT 
and gonadotropin levels, while E2 levels did not differ between the four 
groups (Table 1). As expected, the post-hoc analysis showed that TT 
levels were significantly higher in males than females, whereas gonad
otropin levels were significantly higher in females compared to males, 
both in PD patients and CTLs.

Moreover, TT levels were significantly higher in male PD patients 
compared to male CTLs (p < 0.001), even in a model using age as a 
covariate (F = 8.56, p = 0.004).

Finally, as for CSF biomarkers, a significant difference emerged in 
α-syn and Aβ42 levels (Table 1), and the post-hoc analysis showed that 
male CTLs had significantly lower Aβ42 levels than female CTLs (p =
0.020), whereas no differences were found between male and female PD 
patients. In terms of α-syn, male PD patients had significantly lower 
levels than female PD patients (p = 0.022), even in a model using age 
and disease duration as covariates (F = 9.53, p = 0.003).

Male PD patients also had significantly lower α-syn levels than their 
sex-matched CTLs (p = 0.005), while no differences were found between 
female PD patients and CTLs.

3.2. Correlation analyses in male PD patients

Although peripheral immune cells did not correlate with age, lym
phocytes negatively correlated with MoCA scores (r = − 0.390, p =
0.014), independently of age and disease duration (Fig. 2, Panel A).

Both FSH (r = 0.372, p = 0.001) and LH (0.427, p < 0.001) correlated 
with age, whereas no correlations were found between age and other sex 
hormones.

No correlations were found between sex hormones and peripheral 

Table 1 
Main demographic, clinical, and biological data of the study population.

PD Males (n = 74) PD Females (n = 43) Male CTLs (n = 46) Females CTLs (n = 30) F p-Value

Demographic data N ¼ 74 N ¼ 43 N ¼ 46 N ¼ 30
Age (years) 62.88 ± 9.70 62.42 ± 9.41 63.50 ± 8.92 64.17 ± 8.60 1.25 p = 0.86
Peripheral immune cells N ¼ 74 N ¼ 43 N ¼ 37 N ¼ 24
Leukocytes (103/ μL) 6.29 ± 1.27 5.70 ± 1.746 6.65 ± 0.26 6.46 ± 1.80 3.06 p ¼ 0.030
Neutrophils (103/ μL) 3.88 ± 1.06 3.19 ± 1.09 3.88 ± 1.41 3.70 ± 1.18 3.69 p ¼ 0.013
Lymphocytes (103/ μL) 1.80 ± 0.43 1.81 ± 0.50 2.31 ± 0.66 2.00 ± 0.63 8.98 p < 0.001
Monocytes (103/ μL) 0.50 ± 0.13 0.38 ± 0.12 0.55 ± 0.14 0.48 ± 0.16 11.39 p < 0.001
Eosinophils (103/ μL) 0.18 ± 0.09 0.12 ± 0.06 0.16 ± 0.09 0.19 ± 0.19 2.82 p ¼ 0.004
Basophils (103/ μL) 0.04 ± 0.02 0.04 ± 0.02 0.04 ± 0.02 0.03 ± 0.02 0.67 p = 0.57
NLR 2.29 ± 0.89 1.85 ± 0.73 1.71 ± 0.46 1.96 ± 0.55 6.20 p ¼ 0.001
MLR 0.27 ± 0.08 0.24 ± 0.09 0.25 ± 0.09 0.25 ± 0.06 7.05 p < 0.001

Sex hormones N ¼ 70 N ¼ 42 N ¼ 16 N ¼ 18
E2 (pg/ml) 25.37 ± 15.72 31.67 ± 66.10 15.38 ± 10.71 14.67 ± 15.42 1.23 p = 0.300
TT (ng/dl) 481.75 ± 152.81 26.63 ± 14.67 355.97 ± 124.51 21.10 11.08 168.89 p < 0.001
FSH (mIU/ml) 5.23 ± 4.10 56.69 ± 26.95 11.43 ± 11.28 60.87 ± 24.54 104.14 p < 0.001
LH (mIU/ml) 3.47 ± 2.35 20.89 ± 9.34 4.78 ± 2.88 20.32 ± 9.47 87.49 p < 0.001

CSF biomarkers N ¼ 71 N ¼ 38 N ¼ 40 N ¼ 20
α-syn (pg/ml) 776.50 ± 296.74 1081.58 ± 335.69 1051.01 ± 391.06 1238.54 ± 466.77 36.02 p ¼ 0.001
Aβ42 (pg/ml) 946.04 ± 353.20 1037.79 ± 416.85 894.24 ± 347.36 1203.65 ± 495.34 3.36 p ¼ 0.020
Aβ40 (pg/ml) 6415.24 ± 3012.64 6659.55 ± 1875.07 7336.87 ± 3078.65 7901.67 ± 2772.83 1.15 p = 0.33
Aβ42/Aβ40 ratio 0.16 ± 0.08 0.16 ± 0.08 0.16 ± 0.04 0.16 ± 0.04 0.12 p = 0.89
t-tau (pg/ml) 248.48 ± 131.27 246.50 ± 126.13 234.52 ± 125.18 284.79 ± 150.49 0.66 p = 0.58
p-tau (pg/ml) 29.17 ± 17.89 32.67 ± 25.20 30.84 ± 15.11 36.20 ± 17.01 0.80 p = 0.49
Aβ42/p-tau ratio 42.67 ± 34.19 40.74 ± 20.87 35.04 ± 22.97 37.08 ± 14.32 0.73 p = 0.54

NLR, neutrophil-to-lymphocyte ratio; MLR, monocytes-to-lymphocyte ratio; E2, estradiol; TT, total testosterone; FSH, follicle-stimulating hormone; LH luteinizing 
hormone; CSF, cerebrospinal fluid; α-syn, total α-synuclein; Aβ42, Amyloid-β-42; Aβ40, Amyloid-β-40; t-tau, total tau; p-tau, 181-phosphorylated tau. F and p-values 
are obtained by one-way ANOVA between the four groups. Significant results are marked in bold.

Table 2 
Differences in demographic and clinical data between male and female PD 
patients.

PD Males (n = 74) PD Females (n = 43) p-Value

Age (years) 62.88 ± 9.70 62.4 ± 9.41 p = 0.80
Disease duration (years) 2.86 ± 2.88 3.52 ± 3.00 p = 0.25
AAO (years) 60.72 ± 10.57 58.51 ± 9.62 p = 0.26
BMI (kg/m2) 26.14 ± 3.15 26.50 ± 4.29 p = 0.65
H&Y 2.05 ± 0.55 2.20 ± 0.42 p = 0.13
MDS UPDRS II 7.98 ± 5.65 9.55 ± 6.15 p = 0.18
MDS UPDRS III 28.73 ± 10.47 30.88 ± 13.74 p = 0.35
MDS UPDRS IV 0.80 ± 2.00 1.55 ± 3.69 p = 0.17
NMSS 37.42 ± 28.68 41.36 ± 28.34 p = 0.48
MMSE 28.12 ± 2.20 28.40 ± 2.24 p = 0.53
MoCA 25.85 ± 3.93 25.85 ± 2.60 p = 0.11
LEDD (mg/day) 245.65 ± 377.04 326.87 ± 364.07 p = 0.59

AAO, age at onset; BMI, body mass index; H&Y, Hoehn & Yahr Scale; MDS- 
UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; 
NMSS, Non Motor Symptoms Scale; MMSE, Mini Mental State Examination; 
MoCA, Montreal Cognitive Assessment Scale; LEDD, levodopa equivalent daily 
dose.
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immune cells.
Simple correlations were found between E2 levels and H&Y, MDS- 

UPDRS part III, and MDS-UPDRS part IV scores (r = − 0.242, p =
0.043, r = − 0.288, p = 0.019, and r = − 2.44, p = 0.050, respectively). 
However, these findings were lost in the model adjusted for age and 
disease duration.

Both FSH and LH levels negatively correlated with MoCA scores (r =
− 0.268, p = 0.034 and r = − 0.298, p = 0.015); however, these findings 
were also lost in the model using age and disease duration as covariates.

No correlations between TT and clinical scores, or between any sex 
hormone level and BMI, were found.

3.3. Correlation analyses in female PD patients

Similarly to what we observed in males, peripheral immune cells did 
not correlate with age.

No correlations between peripheral immune changes and clinical 
features were found (Fig. 2, Panel B). However, age negatively corre
lated with E2 (r = − 0.614, p < 0.001) and positively correlated with 
FSH and LH levels (r = 0.491, p = 0.001 and r = 0.366, p = 0.017, 
respectively).

No correlations between sex hormones, clinical features, or periph
eral immune changes were found.

3.4. Cluster analysis in the PD cohort based on peripheral immune 
pathway

At this point, we performed a K-means algorithm to divide the PD 
cohort into distinct clusters based on neutrophil, lymphocyte, and 
monocyte counts (Fig. 3, Panel A), the three most frequent leukocyte 
populations, to establish whether peripheral immunity patterns may 
entail specific clinical-biological profiles. We identified two groups with 
optimal clustering at K = 2, achieving a mean silhouette index of 0.66 
(Fig. 3, Panel B). The centroid of Cluster 1 (“high peripheral inflamma
tion”) presented the following coordinates: neutrophils 4.74, lympho
cytes 1.87, monocytes 0.49, while the coordinates of the centroid of 
Cluster 2 (“low peripheral inflammation”) were: neutrophils 2.88, lym
phocytes 1.75, monocytes 0.43.

The main differences between the two Clusters in demographic, 
clinical, and biochemical data are reported in Table 3.

4. Discussion

This study aimed to investigate the interplay between the peripheral 
immune cellular composition, sex hormones, and central markers of 
neurodegeneration in a broad cohort of PD patients, in order to identify 
sex-specific immune-biological signatures that drive the peculiar sex 
dimorphism of the disease.

Fig. 1. The figure shows the main quantitative differences in peripheral immune parameters: lymphocytes count (A), monocytes count (C), NLR (B), and MLR (D) 
between male and female Parkinson’s disease patients (PD) and controls (CTLs) using one-way ANOVA with post-hoc Tukey correction. Cell counts are expressed as 
cells/μL. *Significant differences between groups.
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First, we found a rearrangement of leukocyte populations between 
males and females, indicative of a sex-dependent differentiated pe
ripheral inflammatory response. Indeed, while no significant intersex 
differences in peripheral immune parameters were found in the control 
group, PD patients demonstrated distinct immune activation signatures 
based on sex. Notably, male PD patients showed lower lymphocyte 
counts and a higher NLR than their sex-matched controls, whereas no 
differences in these parameters were found between female PD and sex- 
matched controls. On the contrary, we found that females with PD had 
significantly lower monocyte counts, NLR, and MLR than their male 
counterparts.

These results align with preclinical and clinical evidence suggesting a 
sexually dimorphic central and peripheral immune response in PD 

(Konstantin Nissen et al., 2022; Lauritsen and Romero-Ramos, 2023; 
Nissen et al., 2021, 2019), especially regarding the macrophagic and 
monocytic populations (Ferreira et al., 2023; Nissen et al., 2021, 2022; 
Villa et al., 2018), which may be relevant with regards to the different 
risk and progression of PD encountered between the two sexes (Nissen 
et al., 2019).

Along with the monocytic response, the reduction in lymphocytic 
count and the increase in NLR are well-described markers of both pe
ripheral immune activation and disease severity in PD, possibly 
reflecting the central migration of lymphocytes participating in the 
neurodegenerative process (Bissacco et al., 2024; Grillo et al., 2023; 
Lindestam Arlehamn et al., 2020). Here, we found that only males with 
PD presented lower lymphocytes and higher NLR than controls. 

Fig. 2. Correlation matrix showing the significant positive (blue) and negative (red) partial Pearson correlation coefficients (rho) between the main biological and 
clinical data in male PD patients (Panel A) and female PD patients (Panel B). (For interpretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.)

Fig. 3. The figure shows the two clusters identified in the Parkinson’s disease cohort using a K-means algorithm based on neutrophil, lymphocyte, and monocyte 
counts (Panel A). The two groups (Cluster 1, “high peripheral inflammation” and Cluster 2, “low peripheral inflammation”, had an optimal clustering at K = 2, 
achieving a mean silhouette index of 0.66 (Panel B).
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Furthermore, the lymphocyte count was correlated with cognitive per
formance at MoCA scores exclusively in the male population, confirming 
the highly relevant role of immune changes in cognition (Konstantin 
Nissen et al., 2022; Nissen et al., 2021), and suggesting a predominant 
role in the sex-specific vulnerability of males to cognitive impairment 
(Caminiti et al., 2025). On the other hand, peripheral immune changes 
in females with PD did not grossly differ from sex-matched healthy 
controls and did not correlate with any clinical features or central 
markers of neurodegeneration, unlike males, possibly indicating a more 
contained peripheral immune response in this group.

We then investigated whether such sex-specific rearrangement of the 
leukocyte population could be linked to circulating sex hormone levels. 
We found no specific relationships between sex-dimorphic peripheral 
immune changes and steroidal sex hormones, either estradiol or total 
testosterone.

As the main finding of this study, we then performed an unbiased 
cluster analysis of the most abundant leukocyte populations (neutro
phils, lymphocytes, and monocytes) in the PD cohort, finding two main 
clusters of the peripheral inflammatory response, which were tightly 
related to the two sexes. Indeed, female PD patients mainly matched the 
“low peripheral inflammation” Cluster, whereas males mostly reflected 
the “high peripheral inflammation” Cluster. The two clusters, identified 
by different signatures of the peripheral leukocytic immune composi
tion, not only differed in the male-to-female ratio but also showed 
distinct clinical and biological features. Notably, patients in the “high 
peripheral inflammation” Cluster generally had higher testosterone and 
lower gonadotropin levels, worse motor and cognitive scores, as shown 
by higher MDS-UPDRS part III and lower MoCA scores, and a higher load 
of central synucleinopathy, indicating a more severe underlying 
neurodegenerative process. On the other hand, the second Cluster, 
which shaped a “low peripheral inflammation” profile, was character
ized by lower motor and cognitive impairment and a more contained 
central synuclein burden.

The inflammatory activation is closely and bi-directionally linked to 
the central and peripheral synucleinopathy that characterizes PD 
neuropathology. Misfolded α-syn triggers inflammatory changes, and 
the inflammatory response promotes prion-like mechanisms involved in 
the misfolding cascade (Di Lazzaro et al., 2024). Therefore, the associ
ation between a distinct peripheral immune cellular composition and 
greater central synucleinopathy encountered in Cluster 1, mostly 
comprising male patients, would indicate a more widespread neurode
generative process in this group of patients, consistent with a more rapid 
motor and cognitive progression over time encountered among males 
(Picillo et al., 2022).

Together, these findings provide direct human-based support on the 
intimate relationship between differential motor and cognitive trajec
tories in males and females (Picillo et al., 2022), sex-dimorphic immune 
response (Lucero et al., 2024), and neuropathological burden in PD.

This study has some limitations. First, the cross-sectional design 
could not allow an observatory evaluation of clinical and biological 
features over time. Second, we did not perform a deep immunopheno
typing of immune cell subsets, nor did we evaluate other peripheral 
inflammatory mediators (i.e., cytokines or lipid mediators (Chiurchiù 
et al., 2022; Stampanoni Bassi et al., 2024)). Third, we could not exclude 
the potential confounding effect of the dopaminergic therapy on clinical 
and biological parameters or sex hormone production, albeit no gross 
correlations between levodopa requirements and biological data were 
found. Finally, we did not investigate specific motor or non-motor PD 
features, such as gastrointestinal dysfunction, which has been tightly 
linked to the NLR (Grillo et al., 2023, 2022).

5. Conclusions

In conclusion, despite the need for more studies, possibly contem
plating the evaluation of other peripheral and central immune markers 
and/or lymphocytic subpopulations and a larger number of patients, to 
confirm and extend these results, this study demonstrates how variations 
in peripheral immune cellular composition might entail distinct clinical- 
biological profiles with substantial sex segregation. Specifically, a 
stronger immune activation was mostly noticed in males, in association 
with higher testosterone and lower gonadotropin levels, greater motor 
and cognitive impairment, and heavier central synucleinopathy. 
Conversely, a milder inflammatory response was mostly observed in 
females with a lesser clinical-pathological burden.
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Table 3 
Differences in demographic, clinical, and biological data between Cluster 1 and 
Cluster 2.

Cluster 1 
“High peripheral 
inflammation” 
(n = 57)

Cluster 2 
“Low peripheral 
inflammation” 
(n = 60)

p-Value

Demographic and clinical data
Sex (M/F) 43/14 31/29 p ¼

0.003
Age (years) 62.47 ± 9.05 62.93 ± 10.10 p = 0.80
Disease duration 

(years)
3.31 ± 2.95 2.91 ± 2.93 p = 0.47

AAO (years) 59.74 ± 9.64 60.07 ± 10.88 p = 0.86
H&Y 2.05 ± 0.55 2.16 ± 0.47 p = 0.25
MDS UPDRS II 8.09 ± 5.44 9.02 ± 6.26 p = 0.41
MDS UPDRS III 31.05 ± 11.50 26.57 ± 10.15 p ¼

0.031
MDS UPDRS IV 1.07 ± 2.89 1.09 ± 2.67 p = 0.98
NMSS 37.86 ± 26.50 39.93 ± 30.59 p = 0.70
MMSE 28.11 ± 2.66 28.34 ± 1.67 p = 0.59
MoCA 24.06 ± 4.31 25.62 ± 2.25 p ¼

0.023
LEDD (mg/day) 271.79 ± 361.60 264.56 ± 368.93 p = 0.92

Peripheral immune cell Ratios
NLR 2.56 ± 0.87 1.72 ± 0.62 p < 

0.001
MLR 0.27 ± 0.09 0.25 ± 0.08 p = 0.32
Sex hormones
E2 (pg/ml) 26.16 ± 29.12 29.25 ± 51.96 p = 0.70
TT (ng/dl) 362.97 ± 226.72 265.20 ± 267.46 p ¼

0.040
FSH (mIU/ml) 16.84 ± 25.53 32.80 ± 32.20 p ¼

0.004
LH (mIU/ml) 7.20 ± 8.66 12.64 ± 11.19 p ¼

0.005

CSF biomarkers
α-syn (pg/ml) 771.58 ± 259.03 951.47 ± 332.33 p ¼

0.039
Aβ42 (pg/ml) 1018.35 ± 420.07 941.24 ± 332.99 p = 0.29
Aβ40 (pg/ml) 6689.87 ± 3048.24 6322.38 ± 2243.52 p = 0.54
Aβ42/Aβ40 ratio 0.17 ± 0.08 0.15 ± 0.07 p = 0.41
t-tau (pg/ml) 244.48 ± 107.83 250.81 ± 146.44 p = 0.80
p-tau (pg/ml) 28.41 ± 14.07 32.19 ± 25.25 p = 0.34
Aβ42/p-tau ratio 40.07 ± 15.51 43.75 ± 39.05 p = 0.53

AAO, age at onset; BMI, body mass index; H&Y, Hoehn & Yahr Scale; MDS- 
UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; 
NMSS, Non Motor Symptoms Scale; MMSE, Mini Mental State Examination; 
MoCA, Montreal Cognitive Assessment Scale; LEDD, levodopa equivalent daily 
dose; NLR, neutrophil-to-lymphocyte ratio; MLR, monocytes-to-lymphocyte 
ratio; E2, estradiol; TT, total testosterone; FSH, follicle-stimulating hormone; 
LH luteinizing hormone; CSF, cerebrospinal fluid; α-syn, total α-synuclein; Aβ42, 
Amyloid-β-42; Aβ40, Amyloid-β-40; t-tau, total tau; p-tau, 181-phosphorylated 
tau. Significant results are marked in bold.
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