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Abstract
Introduction Early-onset Parkinson’s disease (EOPD) labels those cases with onset earlier than fifty. Although peculiarities 
emerged either in clinical or pathological features, EOPD is managed alike typical, late-onset PD. A customized approach 
would be, instead, better appropriate. Accordingly, a deeper characterization of the clinical course, with an estimation of the 
disease progression rate, the therapy flow, and the main motor and non-motor complications occurrence, is needed.
Methods A longitudinal cohort of 193 EOPD patients (selected on a single-centre population of 2000 PD cases) was ret-
rospectively analysed, providing descriptive statics on a series of clinical parameters (genetics, phenotype, comorbidities, 
therapies, motor and non-motor complications, marital and gender issues) and modelling the trajectories from diagnosis to 
10 years later of both Hoehn and Yahr (H&Y) stage and levodopa equivalent daily dose (LEDD).
Results EOPD had a prevalence of 9.7%, including few monogenic cases. It mostly appeared as a motor syndrome, with 
asymmetric, rigid-akinetic presentation. H&Y linearly progressed with an increment of 0.92 points/10 years; LEDD flow 
had a non-linear trend, increasing of 526.90 mg/day in 0–5 years, and 166.83 mg/day in 5–10 years. Motor fluctuations 
started 6.5 ± 3.2 years from onset, affecting up to 80% of the cohort. Neuropsychiatric troubles interested the 50%, sexual 
complaints the 12%. Gender-specific motor disturbances emerged.
Conclusion We shaped EOPD course, modelling a “brain-first” PD subtype, slowly progressive, with non-linear dopaminer-
gic requirement. Major burden mostly resulted from motor fluctuations, neuropsychiatric complications, sexual and marital 
complaints, with a considerable gender-effect.

Keywords Early-onset Parkinson’s disease · Young-onset Parkinson’s disease · Progression · Gender · Hoehn and Yahr · 
LEDD · Motor fluctuations

Introduction

Parkinson disease (PD) is a disabling, neurodegenerative 
disorder due to the loss of dopaminergic nigral cells and 
the brain accumulation of alpha-synuclein containing Lewy 
bodies. PD commonly occurs in elderly, and, more rarely, 
in younger subjects (before the fifty), as early-onset PD 
(EOPD) [1, 2].

EOPD may include either monogenic forms or, mostly, 
sporadic cases. If EOPD differs from typical late-onset PD 
(LOPD) is still matter of debate. There are data suggesting 
distinctive features for these two conditions, regarding both 
the pathogenesis and the clinical course [3, 4]. Even in the 
absence of known gene mutations, the contribution of genet-
ics to EOPD is predominant [5]. As well, the environmental 
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risk factors, the pattern of nigrostriatal denervation, and 
the load of proteinopathy may differ between EOPD and 
LOPD [6]. LOPD patients usually have more severe progres-
sion, with higher incidence of non-motor disturbances [7]. 
EOPD patients, instead, may have a more benign disease, but 
greater frequency of dystonia and levodopa-induced dyski-
nesia, and, overall, poorer quality of life [3, 8]. Moreover, 
EOPD women experience remarkable challenges due to 
menstruation, pregnancy and breastfeeding [9]. However, 
available data are mostly anecdotal, lacking precise meas-
urements in terms of progression rate, frequency of com-
plications, characterizing elements of the long-term course, 
which are all fundamental to better comprehend EOPD, and 
refine a customized approach, overtaking the current equal-
ity of treatment between EOPD and LOPD patients.

This study aims to shape EOPD course, from onset to 
later disease phases, employing real-world data from a single 
longitudinal cohort, quantifying epidemiological and clini-
cal features, progression of motor disturbances, changes in 
therapeutic regimen and main complications overall. Estab-
lishing such trajectories would be crucial either to improve 
understanding and management of EOPD patients or con-
struct future observations.

Materials and methods

Study population

We performed a retrospective longitudinal study following 
recent standardized guidelines [10]. Medical charts of 2000 
PD patients, diagnosed according to the UK Brain Bank Cri-
teria [11] or the 2015 MDS Criteria [12], and afferent to Tor 
Vergata University Hospital (Rome, Italy) from 1 January 
2000 to 30 November 2021, were screened, and all EOPD 
patients (AAO ≤ 50 years) enrolled in the study [6, 13].

For each EOPD patient, we collected AOO, gender, fam-
ily history of PD (presence of at least one affected relative 
up to second degree), motor phenotype at onset (including 
the subtype by Rajput et al. [14], the presenting signs, the 
most affected side), presence of constipation and REM sleep 
behaviour disorder (RBD) at onset (as defined by the “sin-
gle-question screen” of Postuma et al., 2012); comorbidities 
at onset, and diagnostic and care work-up (investigations, 
time interval between onset and diagnosis, disease dura-
tion at first visit in our centre). For patients longitudinally 
observed, we also collected: the follow-up time; the Hoehn 
and Yahr (H&Y) score at diagnosis, 5 and 10 years later; 
data on therapy (initiation treatment, introduction of levo-
dopa); the levodopa equivalent daily dose (LEDD) [15] at 
diagnosis, 5 and 10 years later; occurrence of motor fluctua-
tions and levodopa induced dyskinesia (LID); occurrence 
of neuropsychiatric symptoms (depression, anxiety, apathy, 

psychosis, suicide attempts), cognitive impairment, impulse 
control disorder (ICD), hallucinations; use of advanced 
therapies; marital, gender and sexual issues. Genetics was 
recorded when available.

To allow comparative analysis, a control group of n = 184 
LOPD patients (AOO > 50 years) diagnosed according the 
UK Brain Bank Criteria [11] or the 2015 MDS Criteria [12] 
was also collected from a previously published cohort [16]. 
For each LOPD patient, we recorded age; gender; AAO; 
disease duration; comorbidities (vascular risk factors); H&Y 
score; LEDD; presence of dyskinesia (LID) and presence 
of neuropsychiatric symptoms, cognitive impairment and 
visual hallucinations.

Medical charts reviewed for the study were all filled in by 
movement disorders specialists. Motor and non-motor condi-
tions were diagnosed following current criteria. In particular, 
for neuropsychiatric disturbances, the DSM-V definitions 
were used.

The study was conducted in agreement with principles 
of Helsinki declarations. Local ethical committee approved 
the study.

Statistical analysis

Descriptive statics (prevalence, mean, standard deviation 
calculation) was run on both qualitative and quantitative 
variables. Frequencies among the groups were compared 
by Chi square test. Kolmogorov–Smirnov test showed that 
quantitative variables had a normal distribution. The rate of 
disease progression, in terms of H&Y score variation over 
10 years, was estimated by linear regression. The flow of 
therapy was also outlined, by using the LEDD variation over 
10 years into a quadratic regression analysis, as it better fits 
compared to a simple linear model. The slope of the regres-
sion models was then compared using the t test. Correla-
tions analysis was performed by Pearson’s test. Statistical 
significance was set at p < 0.05. Analysis was conducted by 
means IBM-SPSS 26.

Results

Cohort features

We identified 193 EOPD patients on a whole PD population 
of 2000 cases (prevalence of 9.7%). Age at onset (mean ± st.
dev), gender distribution, frequency of main comorbidities 
and motor features at onset have been summarized in Table 1. 
Positive family history for PD was reported by 95 patients 
(49.2%). Diagnosis was made 1.52 ± 1.64 years after first 
complaints. Additional diagnostic investigations included 
DaT-SPECT for 44 (22.8%) and CSF analysis for 47 (24.4%). 
Disease duration (mean ± st.dev) at our first visit/assessment 
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was 5.0 ± 5.07 years; the 88.6% (171/193 patients) have been 
followed-up for 2.75 ± 4.1 years, with a disease duration at last 
visit of 9.3 ± 5.8 years.

In the LOPD group, AAO was 70.2 ± 5.0 years (range 
54–87), significantly different from the one of EOPD (p < 001). 
In LOPD patients, male to female ratio was 1.6:1 (60.9% males, 
39.1% females), with no significant difference compared to the 
ratio in EOPD (1.2:1). Mean age and disease duration of the 
LOPD group were 80.2 ± 3.9 years and 10.0 ± 3.1 years respec-
tively. Regarding comorbidities, diabetes (n = 26, prevalence 
14.5%) and blood hypertension (n = 65, 35.5%) were more 
prevalent in LOPD than EOPD (p = 0.0004 and p < 0.0001, 
respectively). Further details in Fig. 3.

Motor phenotype at onset and motor progression

According to standard subtypes classification of Rajput et al. 
[14], 178 out 193 EOPD patients were divided as follows: 
rigid-akinetic phenotype (RA, n = 90, 50.6%), tremor domi-
nant phenotype (TD, n = 67, 37.6%), mixed phenotype (M, 
n = 21, 11.8%). Presenting motor signs have been reported 
in Table 1.

For 47 patients, longitudinal H&Y scores at diag-
nosis (T0), 5 (T5) and 10 years (T10) later were avail-
able (H&YT0 = 1.51 ± 0.52; H&YT5 = 1.92 ± 0.32; 
H&YT10 = 2.43 ± 0.45). Motor progression in terms of 
H&Y score change over 10  years has been modelled 
by linear regression, estimating a R2 coefficient of 0.29 
(p < 0.0001) (Fig. 1A). T test was used to compare slopes 
between time intervals (H&YT5–T0 = 0.41 [95% CI 0.21 
to 0.60], p < 0.0001; H&YT10–T5 = 0.51 [95% CI 0.20 to 
0.82], p = 0.023; H&YT10–T0 = 0.92 [95% CI 0.49 to 1.34], 
p = 0.001).

In LOPD group, H&Y score at 10.0 ± 3.8 years of disease 
duration was 2.45 ± 0.92. By comparing EOPD H&YT10 
score to H&Y score of LOPD patients, no significant dif-
ferences resulted.

Non‑motor disturbances

At onset, 55 EOPD patients (28.5%) were suffering with 
RBD and 56 (29.0%) with constipation, mostly in associa-
tion. Along the entire disease course (from onset to last 
visit), 50.8% of patients developed neuropsychiatric symp-
toms, including depression, anxiety, apathy and psycho-
sis. Three patients (1.6%) attempted suicide. Twenty-one 
patients (10.9%) had cognitive impairment and 16 patients 
(8.3%) visual hallucinations.

In LOPD group, cognitive impairment occurred in 84 
patients (49%) and visual hallucinations in 54 (31.4%), a 
prevalence significantly higher than in EOPD (p < 0.0001 
and p < 0.0001, respectively). Occurrence of neuropsychi-
atric manifestations did not differ between the two groups 
(56.5% in LOPD vs 50.8% in EOPD).

Therapies and related complications

For 141/193 EOPD patients, data on initiation therapy 
were available. Patients mostly received dopamine agonists 
(DA) (n = 61, 43.3%, 43 or 70.5% of which with extended-
release formulation), monoamine oxidase (MAO) B inhib-
itors (n = 30, 21.3%) or a combination of them (n = 31, 
21.9%, 22 or 73.3% of which 22 with extended-release DA 
formulation). Levodopa was the first choice in 19 cases 
(13.5%), in monotherapy (n = 17), associated to DA (n = 1) 
or to MAO B inhibitor (n = 1). In general, levodopa was 
later introduced (4.5 ± 3.8 years from disturbances onset 

Table 1  Demographics, comorbidities and main motor features at 
onset of the early-onset Parkinson’s disease (EOPD) study popula-
tion. In brackets, the sample for which the information was available 
(percentages are referred to that total value). n number of patients, RA 
rigid akinetic, TD tremor dominant; M mixed

Total n
  193

Sex
  Male: n = 107 (55.5%)
  Female: n = 86 (44.5%)

Age at onset
  43.93 ± 5.47 years (range: 28–50 years)

Comorbidities (n = 92)
  Arterial hypertension: n = 29 (15.0%)
  Thyroid disorders: n = 24 (12.4%)
  Back problems: n = 12 (6.2%)
  Gynaecological disorders: (n = 8, 4.2%)
  Diabetes, type I or II: n = 7 (3.6%)
  Malignancy: n = 7 (3.6%)
  Autoimmune disorders: n = 4 (2.1%)
  Viral hepatitis: n = 4 (2.1%)
  Epilepsy: n = 4 (2.1%)
  Essential tremor: n = 2 (1.0%)

Motor phenotype (n = 173)
  RA: n = 90 (52%)
  TD: n = 67 (37.6%)
  M: n = 21 (12%)

First motor symptom (n = 172)
  Tremor: n = 65 (37.8%)
  Bradykinesia: n = 68 (39.6%)
  Pain: n = 24 (14.0%)
  Rigidity: n = 11 (6.4%)
  Gait difficulties: n = 4 (2.3%)

Body distribution (n = 180)
  Asymmetrical onset: n = 171 (95.0%)
  Symmetrical onset: n = 9 (5.0%)

Dystonia at onset (n = 193)
  Present in n = 24 (12.4%)
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or 2.9 ± 3.3 years from the diagnosis), being finally used 
in 148/171 patients (86.5% of the longitudinal cohort).

For 60 patients, longitudinal LEDD values at diag-
nosis (T0), 5 (T5) and 10 years (T10) later were avail-
able  (LEDDT0 = 0;  LEDDT5 = 526.9 ± 331.5  mg/day; 
 LEDDT10 = 693.7 ± 256.3). The flow of therapy in terms of 
LEDD value changes over 10 years has been modelled by 
quadratic regression, estimating a R2 coefficient of 0.701 
(p < 0.0001) (Fig. 1B). T test was used to compare slopes 
between time intervals  (LEDDT5–T0 = 526.90 mg/day [95% 
CI 390.07 to 663.73], p < 0.0001;  LEDDT10–T5 = 166.83 
[95% CI − 43.06 to 376.71], p = 0.11;  LEDDT10–T0 = 693.73 
[95% CI 521.53 to 865.92], p = 0.001). Mean difference 
between T10 and T5 LEDD was not statistically significant 
(p = 0.11).

In LOPD patients with 10.0 ± 3.8  years of disease 
duration, LEDD was 833.86 ± 333.34 mg/day, which was 
significantly higher than  LEDDT10 of EOPD  (LEDDT10 
LOPD − EOPD = 140.13  mg/day [95% IC 47.41 to 
232.84], p = 0.003).

Motor fluctuations affected 77.7% of 148 EOPD patients 
under levodopa, having been appeared 6.5 ± 3.2 years 
from the disease onset and 1.8 ± 1.7  years from levo-
dopa initiation. LIDs affected 60.8% of 148 levodopa 
users, 6.7 ± 3.2 years after disease onset and 2.6 ± 2.4 
after levodopa initiation. LIDs occurred closer to levo-
dopa initiation in females than males (2.71 ± 1.73 years 
vs 3.46 ± 2.73 years, p = 0.003), but no gender differ-
ences resulted when considering the time interval from 
disease onset (females: 6.50 ± 3.16  years vs males: 
7.07 ± 3.42 years, p = 0.73).

In LOPD group, 180 patients were treated with levodopa. 
LIDs occurred in 88 of them (48.9%), a prevalence lower 
than in EOPD (p = 0.03).

Impulse control disorder (ICD) occurred in 72 EOPD 
patients, mostly gambling (Figs. 2 and 3).

Advanced therapies (device-aided therapies, DATs) were 
proposed to 26 out 148 EOPD patients under levodopa 
(15.2%). Nine refused. The remaining 17 mostly underwent 
STN-DBS (n = 13, 76.5%), while 23.5% received two DATs.

Marital, sexual and gender issues

Along the disease course, 4/171 EOPD patients divorced 
(2.3%, male), while two became widowed. Five patients 
(2.9%) developed a delirium of jealousy (“Othello syn-
drome”, OS). Sexual difficulties were reported by 24/193 
patients (12.4%), namely hypersexuality (n = 11, 45.8%), 
impotence (n = 4, 16.7%), reduced sexual desire (n = 3, 
8.33%) or anorgasmia (n = 2, 12.5%). Four patients had both 
hypersexuality and impotence. One patient attempted unsuc-
cessfully pregnancy. Three out 86 female patients (3.41%) 
complained with worsening of motor symptoms during 
menses.

Genetics

In EOPD patients, a genetic origin was ascertained in 
9.3% of cases (18/193 patients). Six patients (33%) were 
homozygous for pathogenic variants in PRKN gene (par-
kin), six (33%) heterozygous for pathogenic variants in 
LRKK2 gene (leucine rich repeat kinase 2), five (28%) 
heterozygous for pathogenic variants in GBA gene (acid 

Fig. 1  The graphs represent A the linear regression of H&Y score 
(R2 0.29, p < 0.0001) and B the quadratic regression of LEDD (R.2 
0.70, p < 0.0001) over 10 years from diagnosis in the early-onset Par-

kinson’s disease (EOPD) population. T0 = diagnosis; T5 = five years 
from diagnosis; T10 = ten years from diagnosis. LEDD, levodopa 
equivalent daily dose (expressed in mg/day)
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beta glucocerebrosidase) and one (6%) homozygous for 
pathogenic variants in PINK1 gene (PTEN induced puta-
tive kinase 1). Five patients carried variants of unknown 
significance (VUS).

Discussion

This study analysed main features of a large, single-centre, 
longitudinal cohort, to shape EOPD and disclose those 

Fig. 2  Venn diagram represent-
ing the distribution of main ICD 
manifestations (isolated or in 
combination) in the early-onset 
Parkinson’s disease (EOPD) 
study population. Seventy-
two patients (37.3%) of our 
patients developed ICD, mainly 
pathological gambling (26.4%) 
and hyperphagia (22.2%). 
29.2% of patients presented a 
combination of them, especially 
gambling with hyperphagia (4 
patients), hypersexuality and 
hobbyism (3 patients). ICD, 
impulse control disorders

Fig. 3  Kiviat diagram represent-
ing main clinical differences 
between EOPD and LOPD 
patients. EOPD patients have 
lower cognitive impairment, 
visual hallucinations and cardio-
vascular risk factors compared 
to LOPD. The prevalence of 
neuropsychiatric manifesta-
tions does not differ between 
the two groups. EOPD patients 
have higher prevalence of LID 
than LOPD. EOPD, early onset 
Parkinson’s disease; LOPD, late 
onset Parkinson’s disease, AAO, 
age at onset; LID, levodopa 
induced dyskinesias
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elements that might drive a customized approach for such 
a burdening condition, affecting people in the prime of its 
life. EOPD is felt as an emerging problem, because of the 
worldwide increase of frequency [17]. In our population, 
we estimated a prevalence for EOPD of 9.7% on all PD 
cases, which, indeed, is greater than expected for West-
ern Counties in early 90 s (5–7% of total PD cases) [18]. 
Underlying causes of such a slightly higher prevalence 
cannot be defined here; as well, we can not bear definitely 
if it reflects a worldwide tendency, rather than some local 
factor.

The 9.3% of our EOPD cases were pure inherited forms 
(monogenic PD), in agreement with existing literature [5]. 
Nevertheless, we found that about 50% of EOPD patients 
had positive familial PD history, supporting overall the 
major role of genetics in EOPD pathogenesis. Environmen-
tal risk factors have not been explored, but other acquired 
risk factors, such as diabetes and blood hypertension, had 
lower rate (3.6% and 15%, respectively) than those observed 
in our LOPD group, consistent with previous reports [19]. 
Indeed, EOPD patients are usually considered healthier than 
LOPD patients [8], albeit only few studies addressed the 
comorbidity issue [20].

Phenotype at onset of our EOPD patients mostly matched 
the rigid-akinetic motor subtype (50%), being the tremor-
dominant and the mixed one little rarer, as noticed before 
[7]. PD motor subtypes often underlie differential patterns 
of circuit disruption [21], thus suggesting a preferential vul-
nerability of those related to rigidity and akinesia in EOPD. 
Of relevance, up to 95% of EOPD patients had asymmetric 
onset, which is now considered a marker of central origin 
of PD-related neuropathology (“brain-first”), at the opposite 
of the symmetric onset that, instead, may mark a peripheral, 
ascending origin (“body-first”) [22]. Moreover, only a minor 
part of EOPD patients (30%) had concurrent RBD and con-
stipation at onset, two significant hallmarks of “body-first” 
PD [22, 23], a fact that basically supports the central origin 
of EOPD. Aside from cardinal motor signs, EOPD patients 
at onset also presented pain (14%), whereas pure gait dif-
ficulties were very uncommon (< 3%).

EOPD patients were diagnosed 1.52 ± 1.64 years after 
symptoms onset, and mostly received therapy with DAs or 
MAO B inhibitors (82.5% of patients, in monotherapy or 
combined). DAs, indeed, represent the most preferred start-
ing treatment and, in general, the most frequently prescribed 
drugs in EOPD patients [20], although with some regional 
difference [7]. Levodopa was the first choice treatment only 
in 13.5% of cases; however, its use increased along the dis-
ease course, being progressively introduced 2.9 ± 3.3 years 
after the diagnosis (or 4.5 ± 3.8 years after onset) in the 
86.5% of the whole population. This probably reflects an 
out-dated tendency to postpone the use of levodopa in order 
to delay its long-term side effects favouring, instead, the 

early use of DAs, which, in turn, may induce other kinds of 
complications and the so-called levodopa phobia [24].

Our EOPD patients have been longitudinally followed-
up in average for 2.75 ± 4.1  years, with the first visit 
5 ± 5.07 years after onset and the last one 9.3 ± 5.8. Pro-
spective observation allowed us tracking the evolution of 
motor disturbances, the flow of dopaminergic therapy and 
the occurrence of a series of non-motor disturbances or 
disease-related troubles. Precisely, we could estimate on a 
subgroup of patients the rate of H&Y score progression from 
diagnosis to 10 years later, modelling a linear growth. We 
measured that H&Y score increased of 0.41 points in the 
first 5 years and of 0.51 points in the successive 5 years (0.92 
points in the first decade overall). Previous studies, even in 
naturalistic, real-life contexts, showed that PD patients with 
typical LOPD basically gain one point of H&Y score every 
2 years, with a faster progression in those patients with later 
or more severe disease onset [25]. EOPD patients, instead, 
seem to slowly progress in motor impairment, increasing by 
one H&Y score point over a decade without passing H&Y 
stage 3, which means preserved postural stability 10 years 
after onset. Here, we compared the H&Y scores of EOPD 
and LOPD patients with about 10 years of disease duration, 
and no significant differences resulted. However, since we 
did not have baseline H&Y score of LOPD patients and did 
not follow-up them, we cannot establish if the progression 
rate was different between the groups.

The flow of dopaminergic therapy, in terms of LEDD 
value variation, exhibited a non-linear trend (modelled 
by quadratic regression) in EOPD patients. We observed 
an early, rapid increase of the dopaminergic dosage 
 (LEDDT5–T0 increase = 526.90  mg/day), followed by a 
substantially slower increase at later phases of the disease 
 (LEDDT10−T5 increase = 166.83  mg/day), predicting an 
overall LEDD of 693.73 mg/day at 10 years from onset. 
Our LOPD patients had significantly higher LEDD at about 
10 years of disease duration, but we could not track the trend 
over time because of the missing follow-up.

Regarding the therapy flow in EOPD patients, we could 
suppose that the greater motoric needs due to occupational 
or familial duties may, at least in part, account for the early, 
rapid increase. Then, the dopaminergic therapy is more 
finely tuned at later phases, probably because of the stabili-
zation of motor impairment (as the H&Y score progression 
may indicate) or, rather, to the occurrence of motor fluctua-
tions, and LID especially. In fact, motor fluctuations overall, 
and LID specifically, affected up to 80% and 60% of EOPD 
patients respectively (a percentage significantly higher than 
LOPD), appearing about 6 years after disease onset or a 
couple of years from levodopa initiation. The faster LEDD 
increase might contribute to fluctuations and LID onset of 
EOPD patients [26], although a sort of vulnerability to early 
deteriorate the levodopa response has been already described 
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in EOPD compared to LOPD [27, 28], consistent with dif-
ferent patterns of neurodegeneration and compensation [29]. 
Besides factors related to therapy administration, which have 
to be considered to prevent or delay disabling motor fluctua-
tions when treating EOPD patients, also other individual or 
gender-related factors [30] might contribute to the greater 
occurrence of fluctuations in EOPD, as the development of 
LID closer to levodopa initiation in female patients suggests. 
Because of motor fluctuations, advanced device-aided thera-
pies were necessary in 15% of cases, remaining STN-DBS 
the preferred choice for younger PD patients [31].

Neuropsychiatric symptoms (depression, anxiety, apa-
thy and psychosis) affected up to 50% of patients along the 
entire disease course, while three patients (1.6%) attempted 
suicide. EOPD patients are very prone to depression and 
anxiety [3] and may also have higher suicidal ideation [32]. 
Accordingly, neuropsychiatric sphere has to be accurately 
examined and suicidal risk screened in practical man-
agement of EOPD patients. Also, ICD frequently affects 
younger PD patients [33]. In our cohort, ICD, mostly path-
ological gambling, involved 37.5% of patients, underlining 
even the need for a constant monitoring of such a dangerous 
condition, severely impacting on patients and their family. 
Overt cognitive impairment interested the 10.9% of patients, 
and visual hallucinations the 8.3%, suggesting that also these 
major complications are not so uncommon in EOPD, but 
definitely rarer than in LOPD.

EOPD may also burden on married life and sexuality, 
although the real prevalence of these problems could be 
often underestimated, because of embarrassment or discre-
tion in referring to physicians [3]. We found that 2.3% of 
our patients divorced during the disease course, and 2.9% 
presented delusional jealousy, namely OS, which increases 
the risk for divorce in PD. A wide range of sexual difficul-
ties, mostly hypersexuality, has been then reported by 12.4% 
of our cohort. These, together with other non-sexual factors, 
such as communication difficulties and mood disturbances, 
can contribute to affect couple well-being and partner health 
in EOPD patients [34], accounting for poor quality of life 
and social or psychological problems in general.

Differently from LOPD, EOPD involves fertile age, com-
plicating menses, pregnancy, birthing and breastfeeding. In 
our cohort, three female patients complained with worsening 
of motor disturbances during menses, which is in line with 
some previous reports [35], although the literature on this 
topic is almost scarce, highlighting the need for dedicated 
studies.

This study has several limitations, including the retro-
spective design and the related bias, some lacking data, 
the poor assessment of non-motor disturbances and the 
absence of a control group. We also merged both spo-
radic and inherited cases, which indeed may exhibit some 

distinctive trait. Nevertheless, we provided a series of 
real-world data from a longitudinal cohort supporting a 
separate approach to EOPD, as a clinical entity distinct 
from classical LOPD.

Conclusion

This study provided several useful real-world data regard-
ing EOPD. First, we found that the prevalence of EOPD 
can be higher than expected from previous epidemiologi-
cal predictions. Most of the cases were sporadic, although 
genetic test has not been performed systematically to the 
entire population. Phenotype at onset of EOPD basically 
consisted of an asymmetric rigid-akinetic syndrome with a 
low burden of constipation and RBD, which indeed seems 
to suggest a central origin of neuropathology (“brain-
first” PD subtype). Then, we modelled either the disease 
progression, showing a slow, linear evolution (0.9 H&Y 
score points per decade), or the flow of the dopaminergic 
therapy, outlining a non-linear progression with a faster 
LEDD increase in the first years of the disease (526.90 mg/
day) and a milder increase later (166.83 mg/day), prob-
ably reflecting motoric needs and complications. There-
fore, we drew a clinical course typically characterized by 
motor fluctuations, neuropsychiatric disturbances, ICD 
and other sexual or marital troubles. Finally, we provided 
some comparisons with LOPD patients, showing peculiar 
differences regarding the therapy, the complications and 
the comorbidities.

All these data might be relevant to develop a customized 
approach to EOPD. In particular, we provided meaning-
ful information for possible trial or preventive strategies 
design, including the progression rate of motor impairment 
and therapy flow, as well as the potential “brain-first” ori-
gin of EOPD. Then, we identified several critical hints to 
drive therapeutic choices, such as prevalence of motor and 
non-motor complications and the need for adequate psy-
chological support for social and familial issues. On the 
other hand, further themes deserving appropriate investi-
gations emerged, such as those related to pathogenesis or 
gender differences.

Funding Open access funding provided by Università degli Studi di 
Roma Tor Vergata within the CRUI-CARE Agreement. Open access 
funding provided by Università degli Studi di Tor Vergata within the 
CRUI-CARE Agreement.

Data Availability Data is available from the corresponding author upon 
reasonable request.



3158 Neurological Sciences (2023) 44:3151–3159

1 3

Declarations 

Ethical approval The study was conducted in agreement with prin-
ciples of Helsinki declarations and local ethical standards. Patients 
signed informed consent.

Conflict of interest The authors declare no competing interests. 

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Schrag A, Schott JM (2006) Epidemiological, clinical, and 
genetic characteristics of early-onset parkinsonism. Lancet Neurol 
5(4):355–363. https:// doi. org/ 10. 1016/ S1474- 4422(06) 70411-2 

 2. Mehanna R (2022) Age cutoff for early-onset Parkinson’s disease: 
recommendations from the International Parkinson and Movement 
Disorder Society Task Force on early onset Parkinson’s disease. 
Mov Disord Clin Pract. https:// doi. org/ 10. 1002/ mdc3. 13523

 3. Schrag A, Hovris A, Morley D et al (2003) Young- versus older-
onset Parkinson’s disease: Impact of disease and psychosocial con-
sequences. Mov Disord. https:// doi. org/ 10. 1002/ mds. 10527

 4. Wickremaratchi MM, Ben-Shlomo Y, Morris HR (2009) The effect 
of onset age on the clinical features of Parkinson's disease. Eur J 
Neurol 16(4):450–456. https:// doi. org/ 10. 1111/j. 1468- 1331. 2008. 
02514.x

 5. Guadagnolo D, Piane M, Torrisi MR, Pizzuti A, Petrucci S (2021) 
Genotype-phenotype correlations in monogenic parkinson dis-
ease: a review on clinical and molecular findings. Front Neurol 
12:648588. https:// doi. org/ 10. 3389/ fneur. 2021. 648588

 6. Schirinzi T, Di Lazzaro G, Sancesario GM et al (2020) Young-onset 
and late-onset Parkinson’s disease exhibit a different profile of fluid 
biomarkers and clinical features. Neurobiol Aging. https:// doi. org/ 
10. 1016/j. neuro biola ging. 2020. 02. 012

 7. Mehanna R, Moore S, Hou JG et al (2014) Comparing clinical 
features of young onset, middle onset and late onset Parkinson’s 
disease. Park Relat Disord. https:// doi. org/ 10. 1016/j. parkr eldis. 
2014. 02. 013

 8. Mehanna R, Jankovic J (2019) Young-onset Parkinson’s disease: 
its unique features and their impact on quality of life. Parkinsonism 
Relat Disord 65:39-48. https:// doi. org/ 10. 1016/j. parkr eldis. 2019. 06. 
001

 9. Calne SM, Kumar A (2008) Young onset Parkinson’s disease. 
Practical management of medical issues. Park Relat Disord 
14(2):133–42

 10. Vassar M, Matthew H (2013) The retrospective chart review: 
important methodological considerations. J Educ Eval Health Prof. 
https:// doi. org/ 10. 3352/ jeehp. 2013. 10. 12

 11. Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of 
clinical diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study of 100 cases. J Neurol Neurosurg Psychiatry 
55(3):181–184. https:// doi. org/ 10. 1136/ jnnp. 55.3. 181

 12. Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W, 
Obeso J, Marek K, Litvan I, Lang AE, Halliday G, Goetz CG, Gas-
ser T, Dubois B, Chan P, Bloem BR, Adler CH, Deuschl G (2015) 
MDS clinical diagnostic criteria for Parkinson’s disease. Mov Dis-
ord 30(12):1591–601. https:// doi. org/ 10. 1002/ mds. 26424

 13. Schirinzi T, Grillo P, Di Lazzaro G et al (2021) Effects of head 
trauma and sport participation in young-onset Parkinson’s disease. 
J Neural Transm. https:// doi. org/ 10. 1007/ s00702- 021- 02370-8

 14. Rajput AH, Voll A, Rajput ML et al (2009) Course in parkinson 
disease subtypes: a 39-year clinicopathologic study. Neurology. 
https:// doi. org/ 10. 1212/ WNL. 0b013 e3181 ae7af1

 15. Schade S, Mollenhauer B, Trenkwalder C (2020) Levodopa 
equivalent dose conversion factors: an updated proposal including 
opicapone and safinamide. Mov Disord Clin Pract 7(3):343–345. 
https:// doi. org/ 10. 1002/ mdc3. 12921

 16. Imbriani P, D’Angelo V, Platania P et al (2020) Ischemic injury pre-
cipitates neuronal vulnerability in Parkinson’s disease: insights from 
PINK1 mouse model study and clinical retrospective data. Park Relat 
Disord. https:// doi. org/ 10. 1016/j. parkr eldis. 2020. 04. 004

 17. Ylikotila P, Tiirikka T, Moilanen JS et al (2015) Epidemiology 
of early-onset Parkinson’s disease in Finland. Park Relat Disord. 
https:// doi. org/ 10. 1016/j. parkr eldis. 2015. 06. 003

 18. Golbe LI (1991) Young-onset Parkinson’s disease: a clinical review. 
Neurology 41(2 ( Pt 1)):168–173. https:// doi. org/ 10. 1212/ wnl. 41.2_ 
part_1. 168

 19. Santiago JA, Bottero V, Potashkin JA (2017) Biological and clinical 
implications of comorbidities in Parkinson’s disease. Front Aging 
Neurosci 9:394. https:// doi. org/ 10. 3389/ fnagi. 2017. 00394

 20. Kasamo S, Takeuchi M, Ikuno M et al (2019) Real-world pharma-
cological treatment patterns of patients with young-onset Parkin-
son’s disease in Japan: a medical claims database analysis. J Neurol. 
https:// doi. org/ 10. 1007/ s00415- 019- 09360-7

 21. Spay C, Meyer G, Welter ML, Lau B, Boulinguez P, Ballanger B 
(2019) Functional imaging correlates of akinesia in Parkinson’s 
disease: Still open issues. Neuroimage Clin 21:101644. https:// doi. 
org/ 10. 1016/j. nicl. 2018. 101644

 22. Horsager J, Knudsen K, Sommerauer M (2022) Clinical and imag-
ing evidence of brain-first and body-first Parkinson’s disease. Neu-
robiol Dis 164:105626. https:// doi. org/ 10. 1016/j. nbd. 2022. 105626

 23. Grillo P, Sancesario GM, Mascioli D et al (2022) Constipation dis-
tinguishes different clinical-biochemical patterns in de novo Par-
kinson’s disease. Park Relat Disord 102:64–67. https:// doi. org/ 10. 
1016/j. parkr eldis. 2022. 08. 001

 24. Titova N, Levin O, Katunina E, Ray Chaudhuri K (2018) ‘Levodopa 
phobia’: a review of a not uncommon and consequential phenom-
enon. NPJ Park Dis. https:// doi. org/ 10. 1038/ s41531- 018- 0067-z

 25. Zhao YJ, Wee HL, Chan YH et al (2010) Progression of Parkinson’s 
disease as evaluated by Hoehn and Yahr stage transition times. Mov 
Disord. https:// doi. org/ 10. 1002/ mds. 22875

 26. Hong JY, Sunwoo MK, Yoon JH et al (2020) Rapid drug increase 
and early onset of levodopa-induced dyskinesia in Parkinson’s dis-
ease. PLoS One. https:// doi. org/ 10. 1371/ journ al. pone. 02374 72

 27. Warren Olanow C, Kieburtz K, Rascol O et al (2013) Factors pre-
dictive of the development of Levodopa-induced dyskinesia and 
wearing-off in Parkinson’s disease. Mov Disord. https:// doi. org/ 10. 
1002/ mds. 25364

 28. Kostic V, Przedborski S, Flaster E, Sternic N (1991) Early develop-
ment of levodopa-induced dyskinesias and response fluctuations 
in young-onset Parkinson’s disease. Neurology. https:// doi. org/ 10. 
1212/ wnl. 41.2_ part_1. 202

 29. De La Fuente-Fernández RD, Lim AS, Sossi V et al (2003) Age 
and severity of nigrostriatal damage at onset of Parkinson’s disease. 
Synapse. https:// doi. org/ 10. 1002/ syn. 10160

 30. Picillo M, Nicoletti A, Fetoni V, Garavaglia B, Barone P, Pellec-
chia MT (2017) The relevance of gender in Parkinson’s disease: 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1474-4422(06)70411-2
https://doi.org/10.1002/mdc3.13523
https://doi.org/10.1002/mds.10527
https://doi.org/10.1111/j.1468-1331.2008.02514.x
https://doi.org/10.1111/j.1468-1331.2008.02514.x
https://doi.org/10.3389/fneur.2021.648588
https://doi.org/10.1016/j.neurobiolaging.2020.02.012
https://doi.org/10.1016/j.neurobiolaging.2020.02.012
https://doi.org/10.1016/j.parkreldis.2014.02.013
https://doi.org/10.1016/j.parkreldis.2014.02.013
https://doi.org/10.1016/j.parkreldis.2019.06.001
https://doi.org/10.1016/j.parkreldis.2019.06.001
https://doi.org/10.3352/jeehp.2013.10.12
https://doi.org/10.1136/jnnp.55.3.181
https://doi.org/10.1002/mds.26424
https://doi.org/10.1007/s00702-021-02370-8
https://doi.org/10.1212/WNL.0b013e3181ae7af1
https://doi.org/10.1002/mdc3.12921
https://doi.org/10.1016/j.parkreldis.2020.04.004
https://doi.org/10.1016/j.parkreldis.2015.06.003
https://doi.org/10.1212/wnl.41.2_part_1.168
https://doi.org/10.1212/wnl.41.2_part_1.168
https://doi.org/10.3389/fnagi.2017.00394
https://doi.org/10.1007/s00415-019-09360-7
https://doi.org/10.1016/j.nicl.2018.101644
https://doi.org/10.1016/j.nicl.2018.101644
https://doi.org/10.1016/j.nbd.2022.105626
https://doi.org/10.1016/j.parkreldis.2022.08.001
https://doi.org/10.1016/j.parkreldis.2022.08.001
https://doi.org/10.1038/s41531-018-0067-z
https://doi.org/10.1002/mds.22875
https://doi.org/10.1371/journal.pone.0237472
https://doi.org/10.1002/mds.25364
https://doi.org/10.1002/mds.25364
https://doi.org/10.1212/wnl.41.2_part_1.202
https://doi.org/10.1212/wnl.41.2_part_1.202
https://doi.org/10.1002/syn.10160


3159Neurological Sciences (2023) 44:3151–3159 

1 3

a review. J Neurol 264(8):1583–1607. https:// doi. org/ 10. 1007/ 
s00415- 016- 8384-9

 31. Schuepbach WM, Rau J, Knudsen K, Volkmann J, Krack P, Timmer-
mann L, Hälbig TD, Hesekamp H, Navarro SM, Meier N, Falk D, 
Mehdorn M, Paschen S, Maarouf M, Barbe MT, Fink GR, Kupsch 
A, Gruber D, Schneider GH, Seigneuret E, Kistner A, Chaynes P, 
Ory-Magne F, Brefel Courbon C, Vesper J, Schnitzler A, Wojtecki L, 
Houeto JL, Bataille B, Maltête D, Damier P, Raoul S, Sixel-Doering 
F, Hellwig D, Gharabaghi A, Krüger R, Pinsker MO, Amtage F, Régis 
JM, Witjas T, Thobois S, Mertens P, Kloss M, Hartmann A, Oertel 
WH, Post B, Speelman H, Agid Y, Schade-Brittinger C, Deuschl G; 
EARLYSTIM Study Group (2013) Neurostimulation for Parkinson’s 
disease with early motor complications. N Engl J Med 368(7):610–622. 
https:// doi. org/ 10. 1056/ NEJMo a1205 158

 32. Ou R, Wei Q, Hou Y et  al (2021) Suicidal ideation in early-
onset Parkinson’s disease. J Neurol. https:// doi. org/ 10. 1007/ 
s00415- 020- 10333-4

 33. Vela L, MartínezCastrillo JC, García Ruiz P et al (2016) The high 
prevalence of impulse control behaviors in patients with early-onset 
Parkinson’s disease: a cross-sectional multicenter study. J Neurol 
Sci. https:// doi. org/ 10. 1016/j. jns. 2016. 07. 003

 34. Perepezko K, Hinkle JT, Shepard MD, Fischer N, Broen MPG, 
Leentjens AFG, Gallo JJ, Pontone GM (2019) Social role function-
ing in Parkinson’s disease: a mixed-methods systematic review. Int 
J Geriatr Psychiatry 34(8):1128–1138. https:// doi. org/ 10. 1002/ gps. 
5137

 35. Quinn NP, Marsden CD (1986) Menstrual-related fluctuations in 
Parkinson’s disease. Mov Disord. https:// doi. org/ 10. 1002/ mds. 
87001 0112

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00415-016-8384-9
https://doi.org/10.1007/s00415-016-8384-9
https://doi.org/10.1056/NEJMoa1205158
https://doi.org/10.1007/s00415-020-10333-4
https://doi.org/10.1007/s00415-020-10333-4
https://doi.org/10.1016/j.jns.2016.07.003
https://doi.org/10.1002/gps.5137
https://doi.org/10.1002/gps.5137
https://doi.org/10.1002/mds.870010112
https://doi.org/10.1002/mds.870010112

	Shaping the course of early-onset Parkinson’s disease: insights from a longitudinal cohort
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Statistical analysis

	Results
	Cohort features
	Motor phenotype at onset and motor progression
	Non-motor disturbances
	Therapies and related complications
	Marital, sexual and gender issues
	Genetics

	Discussion
	Conclusion
	References


