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Abstract

Introduction Dopamine is involved in sexual behavior, but dopaminergic imaging studies establishing the relationship
between nigrostriatal dopaminergic degeneration and sexual dysfunction (SD) in Parkinson’s disease (PD) are lacking.
Methods We retrospectively analyzed clinical and '*I-FP-CIT SPECT data of 43 drug-naive PD patients. Based on the
sexual function domain of the Non-Motor Symptoms Scale (NMSS), we identified 23 patients with sexual concerns (WSC),
reporting a score > 2 due to hyposexuality, and 20 patients without sexual concerns (NoSC). Dopamine transporter (DAT)
uptake was assessed through semi-quantitative analysis in the most and least affected putamen (maP, laP), and most and
least affected caudate (maC, 1aC). Total putamen-to-caudate ratio and total striatal binding ratio (tSBR) were also quantified.
Results WSC and NoSC had similar demographic and disease-related characteristics. WSC displayed lower uptake values
in maC (p=0.016), maP (p =0.004), 1aC (»p=0.019), 1aP (p =0.009), and tSBR (p =0.006). Pearson correlation analysis
revealed, in the WSC group, moderate inverse correlations between the log-transformed SD scores and the uptake in maP
(r=-0.473, p=0.023), maC (r= —0.428, p=0.042), 1aP (r=-0.437, p=0.037), and tSBR (r= —0.460, p =0.027). After
controlling in a two-way ANCOVA model for age and sex, between-group differences,between WSC and NoSC remained sta-
tistically significant only for dopaminergic denervation in maP [F(1,38)=7.478, p=0.009)], laP [F(1,38)=4.684, p=0.037)],
and tSBR [F(1,38)=5.069, p=0.030].

Conclusion To the best of our knowledge, this is the first study reporting the relationship between the severity of SD and
specific patterns of nigrostriatal dopaminergic denervation (especially involving both putamina) in newly diagnosed drug-
naive PD patients.
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Introduction

Parkinson’s disease (PD) is one of the most common neu-
rodegenerative diseases, with more than 10 million people
affected worldwide. The pathological hallmark of the disease
is represented by intraneuronal a-synuclein-positive inclu-
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sions called Lewy bodies and loss of dopaminergic neurons
in the substantia nigra pars compact (SNc), the dorsal motor
nucleus of the vagal nerve, the locus coeruleus, the pedun-
culopontine nucleus, and the nucleus basalis of Meynert
[1]. The widespread distribution of Lewy bodies reflects the
complexity and heterogeneity of the clinical picture, which
is burdened by motor symptoms, including bradykinesia,
rigidity, tremor and postural instability, and a wide array
of non-motor symptoms [2]. Among the most disabling
non-motor features of PD, sexual dysfunction (SD) is very
common yet poorly understood and underinvestigated [3].
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Basson described the sexual concerns (SC) of 25 people
with PD, reporting altered sexual function (erectile dys-
function, vaginismus, difficulty in reaching orgasm, inter-
nal tremor during arousal), and lower self-esteem [4]. When
considering the prevalence of these symptoms compared
with healthy controls, one study [5] found that SD was more
frequently reported in male PD patients, with age as the
main predictor, and similar results were observed in women
with PD [6]. Regarding factors associated with SD occur-
rence, a recent cross-sectional multicenter study [7] found
in a cohort of 105 patients with early-onset PD a significant
relationship with sex, higher depression scores, and urinary
dysfunction. Even though a multinational survey among
neurologists revealed a lack of discussing SD, especially
for female patients [8], current literature is emphasizing the
importance of addressing and solving sexual issues: it was
demonstrated in a longitudinal study involving a large cohort
of PD patients that sexual activity is associated with better
motor and non-motor outcomes and better quality of life [9].

It is known that dopamine plays a key role in sexual
behavior [10]. In the medial preoptic area, which is the
main integrative site for male sexual behavior, the release
of dopamine promotes copulation, genital reflex, and sexual
motivation [11, 12]. The stimulation of dopamine receptors
(mainly of the D2 to D4 subtype) in the paraventricular
nucleus induces the release of oxytocin and exerts pro-
erectile effects by increasing extra-cellular dopamine in the
nucleus accumbens in male rats [13]. Furthermore, dopa-
mine reduces the release of prolactin, which is known to
interfere with libido [14].

A wide variety of PD non-motor symptoms has been
proved to display an underlying dopaminergic basis, as
also confirmed by imaging techniques with dopamine-
based radioligands [15, 16]. On the other hand, conflicting
results reporting the lack of association between dopamine
transporter (DAT) loss and the burden of several non-motor
symptoms in PD have been observed as well [17, 18]. In this
context, the relationship between nigrostriatal dopaminergic
degeneration and the severity of SD in PD has not yet been
fully elucidated. To this aim, the present study evaluated
I231_FP-CIT single-photon emission computed tomography
(SPECT) data in relation to SD in a cohort of newly-diag-
nosed drug-naive PD patients.

Methods

Study participants

This research was carried out according to the ethical guide-
lines of the local Ethics Committee and all patients gave

their written informed consent (CE 65/16). In this retro-
spective cross-sectional study, we analyzed an electronic
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database containing clinical and SPECT data of drug-naive
PD patients referring to our Movement Disorders outpatient
clinic between January 1, 2012, and January 1, 2020. We
considered as inclusion criteria a diagnosis of PD according
to the United Kingdom Parkinson’s Disease Society Brain
Bank Diagnostic Criteria [19], and no history of current or
previous therapy with antiparkinsonian agents. Exclusion
criteria were brain abnormalities on magnetic resonance
imaging, the occurrence of atypical signs or symptoms in
conflict with a diagnosis of idiopathic PD during subse-
quent clinical re-assessments, and a history of pelvic sur-
gery, dementia, or severe depression. At the time of baseline
visit, neurological examination was performed by neurolo-
gists with experience in movement disorders, and motor
symptoms were assessed using the Unified Parkinson’s Dis-
ease Rating Scale (UPDRS) part III and the Hoehn and Yahr
(HY) scale [20, 21]. All the patients undergoing the SPECT
study were not taking central nervous system-acting drugs
potentially interfering with the analysis [22] and were in
the drug-naive condition concerning antiparkinsonian treat-
ment. Other relevant demographic and clinical data were
collected, including sex, age, disease duration, side of onset
of motor symptoms, clinical phenotype, a history of hypos-
mia or anosmia, concurrent therapy, and general medical
records. REM sleep behavior disorder (RBD) was assessed
through the RBD screening questionnaire (RBDSQ), which
is a reliable tool for detecting RBD in PD patients [23, 24].

From our initial cohort of 118 consecutive PD patients
with '2[-FP-CIT SPECT analysis available, 61 PD subjects
also underwent within 3 months a detailed neuropsychologi-
cal evaluation through the Mini-Mental State Examination
(MMSE) [25] and the Addenbrooke’s Cognitive Examina-
tion-revised (ACE-R) [26]. Depression, anxiety, and non-
motor symptoms were respectively assessed through the
Beck Depression Inventory (BDI)-II [27], the Zung Self-
rating Anxiety Scale [28], and the Non-Motor Symptoms
Scale (NMSS) [29]. Among the responders of the NMSS
sexual function items (43 out of 61, response rate =70.5%),
we identified the patients with sexual concerns (WSC), who
reported a global score >2 due to hypoactive sexual desire
and/or function, and the patients without sexual concerns
(NoSC). The remaining 18 patients left this subscore incom-
plete or unanswered.

Semi-quantitative dopamine transporter SPECT
analysis

Brain SPECTs were acquired using standard procedures:
140-180 MBq of 'Z*I-FP-CIT (DaTSCAN®, GE Health-
care Ltd, Little Chalfont, UK) were injected intravenously
40-60 minafter administration of KC104 400 mg to block
free iodine uptake into the thyroid. The patients were imaged
4 h post-injection using a dual-head gamma-camera (Philips
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Axis) equipped with low-energy high-resolution parallel
hole collimators. To optimize spatial resolution and reduce
rotation radius, the patients were positioned to include the
whole neurocranium in the field of view with the exclusion
of salivary glands. One hundred twenty views were acquired
using a step-and-shoot protocol at 3° interval, and images
were visually inspected by experienced nuclear physicians.
Motion artifacts were excluded and the quality of images was
considered suitable for diagnostic purposes. To meet Basal
Ganglia (BasGan) Matching Tool software requirements
[30, 31], all the sets were reconstructed using a Butterworth
filter (order=7.0, cut-off =0.45) and corrected for attenu-
ation using Chang algorithm (¢ =0.10 cm — 1). Transaxial
images were reoriented on the orbitomeatal line. The semi-
quantitative analysis was performed automatically by posi-
tioning a 3D region of interest (ROI) template, including an
occipital ROI for background evaluation. To obtain specific
striatal binding ratios (SBR), occipital background bind-
ing was subtracted from the putamen and caudate nucleus
uptake of the most and least affected hemisphere, according
to motor symptoms, following the formula: SBR = (caudate
or putamen ROI count density — occipital ROI count density)
/ occipital ROI count density. Data from the analyzed nuclei
were then compared to a reference database [30] to obtain
age-adjusted values for each basal ganglion. DAT uptake in
the most and least affected putamen (maP, 1aP), and most
and least affected caudate (maC, 1aC) was assessed. The
total putamen-to-caudate ratio (tP/C) and total striatal bind-
ing ratio (tSBR) were respectively calculated by averaging
the putamen-to-caudate ratio from each hemisphere and the
uptake measures in the four analyzed striatal areas.

Statistical analyses

Variables were expressed as counts (percentages) when cate-
gorical and as mean (+standard deviation) when continuous.
The normality of data distribution was assessed both visually
and using the Shapiro—Wilk test, and parametric or non-
parametric tests were used as appropriate. Log-transforma-
tion for NMSS sexual function scores was performed, as we
observed skewed distribution of this variable. The relation-
ship between log-transformed data and regional DAT avail-
ability was then investigated through Pearson correlation
analysis. Categorical variables were compared using Fisher’s
exact test, whereas the 7T-test for independent samples or
the Mann—Whitney test were used to explore differences in
means or medians between groups. We then controlled in a
two-way analysis of covariance (ANCOVA) model for the
effect of remaining potential confounders. When adjusting
for covariates, assumptions for homogeneity of regression
slopes and the absence of interaction between each covari-
ate, and factors were tested. The significance level was set

to p<0.05. All the analyses were performed using SPSS
Version 25 (IBM Corporation, Armonk, USA).

Results

This study involved 43 PD patients, 15 females and 28
males, mean age 65.40 + 8.32 years, with a mean disease
duration of 1.49 +0.83 years and mean UPDRS part III score
of 11.63 +4.01. According to the NMSS sexual function
scores, we identified 23 WSC and 20 NoSC. Group compari-
sons between WSC and NoSC of demographic and clinical
characteristics, neuropsychiatric measures, medical condi-
tions, concurrent therapy, and '*’I-FP-CIT SPECT data,
are shown in Table 1. We found that both groups displayed
similar demographic and disease-related characteristics,
even though WSC consisted of older and predominantly
male patients compared with NoSC. Regarding DAT SPECT
analysis, WSC patients had significantly lower uptake values
in the maC (p=0.016), maP (p =0.004), 1aC (»p =0.019), laP
(p=0.009), and tSBR (p =0.006) (see Fig. 1). Furthermore,
in the WSC group, Pearson correlation analysis revealed
moderate inverse correlations between the log-transformed
NMSS sexual function scores and the uptake in the maP
(r=—-0.473, p=0.023), maC (r= —0.428, p=0.042), laP
(r=—0.437, p=0.037), and tSBR (r= —0.460, p=0.027)
(see Fig. 2). After controlling in a two-way ANCOVA model
for potential confounders (i.e., age and sex), between-group
differences between WSC and NoSC remained statistically
significant only for the uptake in the maP [F(1,38)=7.478,
p=0.009)], 1aP [F(1,38)=4.684, p=0.037)], and tSBR
[F(1,38)=5.069, p=0.030], see Table 2.

Discussion

This research found that drug-naive PD patients WSC have
lower DAT availability compared with NoSC and exhibit
moderate inverse correlations between SD severity and
DAT uptake in the maP, maC, 1aP, and tSBR. However, after
controlling for relevant confounding factors, significantly
reduced uptake was confirmed only in maP, 1aP, and tSBR.
To the best of our knowledge, this is the first study reporting
the relationship between specific patterns of nigrostriatal
dopaminergic denervation and the severity of sexual func-
tion reduction in newly diagnosed drug-naive PD patients,
suggesting that reduced striatal DAT uptake may be an early
mechanism involved in this disabling non-motor symptom.

SD is a complex phenomenon, in which organic causes,
as well as environmental and psychological factors, are
involved. Although it is increasingly being recognized as a
key component of medical assessment since it may markedly
influence patients’ quality of life [9], a deeper knowledge of
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Table 1 Group comparisons

WSC (n=23) NoSC (n=20) p-value
between WSC and NoSC of
demographic and clinical Age 67.13 (9.05) 63.40 (7.09) 0.144
chre S o
concurrent therapy, and '2I-FP- Tremor dominant phenotype, n (%) 16 (69.6) 15(75) 0.745
CIT SPECT data. Variables Right side of onset, n (%) 15 (65.2) 10 (50) 0.365
were expressed as counts ) Disease duration, years 1.54 (0.91) 1.43 (0.74) 0.829
g‘l’lzrzn;feg;f)(i"_“i‘g;gzzg"mal UPDRS-II score 1178 (4.17) 11.45 (4.09) 0.794
deviation) when continuous Hoehn and Yahr stage
Stage 1-1.5, n (%) 15 (65.2) 16 (80) 0.327
Stage 2-2.5, n (%) 8 (34.8) 4 (20) 0.327
RBD, 1 (%) 12 (52.2) 7 (35) 0.359
Hyposmia, n (%) 13 (56.5) 10 (50) 0.547
Sexual function score NMSS 7.65 (4.87) 0 <0.0001
Gastrointestinal score NMSS 3.22 (3.69) 3.20(5.79) 0.377
Urinary score NMSS 5.90 (8.17) 5.61 (8.40) 0.806
MMSE score 27.56 (1.94) 27.79 (1.82) 0.711
ACE-R score 89.69 (6.81) 91 (7.01) 0.625
BDI-II score 11.22 (8.78) 9.74 (8.99) 0.310
Zung Anxiety Scale Score 36.28 (9.72) 33.41 (10.27) 0.296
Use of antidepressants, n (%) 4(17.4) 3(15) 1.0
Cardiovascular disease, n (%) 3(13) 3(15) 1.0
History of diabetes, n (%) 2(8.7) 0 0.491
History of hypertension, n (%) 12 (52.1) 7 (35) 0.359
History of dyslipidemia, n (%) 14.3) 3(15) 0.323
Use of thiazides, n (%) 14.3) 1(5) 1.0
Use of beta-blockers, n (%) 2(8.7) 2 (10) 1.0
maC uptake 2.34 (0.51) 2.79 (0.67) 0.016
maP uptake 1.44 (0.39) 1.81 (0.41) 0.004
laC uptake 2.56 (0.57) 3.04 (0.72) 0.019
laP uptake 1.68 (0.46) 2.08 (0.49) 0.009
tP/C 0.62 (0.11) 0.68 (0.09) 0.078
tSBR 2.01 (0.44) 2.43(0.53) 0.006

WSC patients with sexual concerns, NoSC patients without sexual concerns, UPDRS-1II Unified Parkin-
son’s Disease Rating Scale-1II, RBD REM sleep behavior disorder, NMSS Non-Motor Symptoms Scale,
MMSE Mini-Mental State Examination, ACE-R Addenbrooke’s Cognitive Examination Revised, BDI-II
Beck Depression Inventory-1I, maC most affected caudate, maP most affected putamen, laC least affected
caudate, [aP least affected putamen; tP/C total putamen to caudate ratio, tSBR total striatal binding ratio.

Significant p-values are in italics

the implicated neuronal circuits is still lacking. It is known
that subcortical structures are interconnected with regions
responsible for the regulation of autonomic mechanisms,
emotions, and somatosensory processing involved in sex-
ual activity. In this context, our study provides intriguing
evidence that highlights the role of defective dopaminergic
uptake of both maP and laP in PD-related SD. Several lines
of research could support this finding: firstly, it was shown
in monkeys that the stimulation of the dorsal putamen and
anterior region of the internal capsule was able to induce
erections [32]. Secondly, fMRI investigations exploring
neural substrates of sexual arousal reported the activation
of putamen and globus pallidus, which were involved in the
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physiological and rewarding aspects of the sexual stimuli
[33]. Interestingly, a recent study by Votinov et al. [34]
assessed brain structure changes associated with sexual ori-
entation, and the putamen emerged as the only region with
increased gray matter volume in homosexual versus hetero-
sexual individuals, thus expanding the role of putamen in the
complex and various aspects of human sexuality.

On the other hand, when examining PD non-motor fea-
tures such as anxiety, depression, and apathy, previous
literature has emphasized the role of the caudate nucleus.
Erro et al. [35] found in 34 untreated PD patients a sig-
nificant correlation between increased anxiety severity and
decreased DAT availability in the right caudate. Vriend et al.
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Fig. 1 Differences in '’ I-FP-CIT SPECT measurements (maC, most
affected caudate; maP, most affect putamen; laC, least affected cau-
date; 1aP, least affected putamen; tP/C, total putamen-to-caudate ratio;
tSBR, total striatal binding ratio) in PD patients with (WSC) and
without (NoSC) sexual concerns
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Fig.2 Scatterplot graphs representing significant Pearson correla-
tion analysis between '2’I-FP-CIT SPECT measurements (maP, most
affect putamen; maC, most affected caudate; 1aP, least affected puta-

[36] reported in 100 PD patients that depressive symptoms
were related to lower DAT binding in the right caudate
nucleus, whereas decreased DAT binding in the right puta-
men was associated with worse motor symptoms. Regard-
ing apathy, another study [37] found that the dysfunction of
dopaminergic innervation, particularly in the right caudate,
contributed to the development of apathy in PD.

Even though we found decreased DAT availability in the
maC (p=0.016) and 1aC (p=0.019) of WSC patients, this
finding was not supported in the ANCOVA model after con-
trolling for age and sex. Indeed, to exclude potential con-
founders in assessing SD and its relationship with nigrostri-
atal dopaminergic denervation patterns, several factors were
taken into careful consideration. Firstly, a history of cardio-
vascular disease, diabetes, hypertension, and dyslipidemia,
and the use of thiazides, beta-blockers, and antidepressants,
are notably associated with an increased risk of SD [10].
However, there were no relevant differences between groups
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men; tSBR, total striatal binding ratio) and log-transformed NMSS
sexual function scores

@ Springer



4774

Neurological Sciences (2022) 43:4769-4776

Table 2 Two-way ANCOVA for 'I-FP-CIT SPECT data adding age
and sex as covariates in the model

F P Partial eta squared
maC uptake
Age F(1,38)=0.988 0.327 0.025
Sex F(1,38)=2.793 0.103 0.068
Groups F(1,38)=3.755 0.060 0.090
maP uptake
Age F(1,38)=2.487 0.123 0.061
Sex F(1,38)=0.003 0.954 0.000089
Groups F(1,38)=17.478 0.009 0.164
laC uptake
Age F(1,38)=0.00028 0.987 0.000008
Sex F(1,38)=0.800 0.377 0.021
Groups F(1,38)=2.885 0.098 0.071
laP uptake
Age F(1,38)=0.008 0.929 0.00021
Sex F(1,38)=0.001 0.973 0.00003
Groups F(1,38)=4.684 0.037 0.110
tSBR
Age F(1,38)=0.412 0.525 0.011
Sex F(1,38)=0.663 0.421 0.017
Groups F(1,38)=5.069 0.030 0.118

maC most affected caudate, maP most affected putamen,; laC least
affected caudate, laP least affected putamen, #SBR total striatal bind-
ing ratio. Significant p-values are in italics

in these variables of interest, thus reasonably excluding their
potential interference in the assessment of SD. Secondly,
demographic, motor characteristics (tremor dominant versus
rigid akinetic phenotype), as well as other non-motor symp-
toms (i.e., hyposmia, REM sleep behavior disorder, anxiety-
depressive disorder, gastrointestinal, urinary, and cognitive
impairment), can all be associated with altered DAT SPECT
denervation patterns [15, 16, 38, 39]. Nonetheless, WSC
and NoSC groups were largely comparable regarding rel-
evant disease-related characteristics, and we controlled for
remaining significant confounders in the ANCOVA analysis.
Another strength of the present study is represented by the
accurate selection of a cohort of PD drug-naive patients,
as it is well established that treatment with dopaminergic
therapy may increase sexual desire, sometimes even leading
to compulsive behaviors [40].

We acknowledge that the use of a retrospective design
and the relatively small sample size represent limitations of
the present study. Furthermore, the reduced number of WSC
patients prevented the analysis of different DAT SPECT pat-
terns associated with NMSS sexual domain subitems, i.e.,
loss of libido and sexual difficulties, and an extensive evalu-
ation of SD through detailed rating scales is lacking as well.
Another limitation is represented by the time range between
DAT SPECT and NMSS evaluation, even though we can
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assume that these symptoms did not considerably change in
a few months. Finally, we cannot exclude that non-dopamin-
ergic dysfunction (including degeneration of serotoninergic
pathways), though not investigated in the present study, may
provide an important contribution to the development of SD
[41]. Despite these drawbacks, this is the first study, to the
best of our knowledge, assessing the relationship between
nigrostriatal dopaminergic denervation and the severity of
SD in PD.

Conclusions

In conclusion, in newly diagnosed drug-naive PD patients,
reduced striatal DAT availability (especially in the putam-
ina) may be involved in SD. Nonetheless, larger cohorts and
longitudinal analyses will better evaluate the association
between specific patterns of DAT loss and SD. We also sug-
gest that future studies should explore the optimization of
dopamine replacement therapy in PD patients as a suitable
approach to improve this disabling and often underestimated
problem.
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