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Abstract Early-onset Parkinson’s disease (EOPD) has a clin-
ical course and characteristics distinct from middle-late-onset
Parkinson’s disease (M-LOPD). Although many studies have
investigated these differences, the neural mechanisms of these
characteristics remain unclear. This study aimed to investigate
the morphological differences, and their related clinical signif-
icance, between EOPD and M-LOPD patients. We recruited
two groups of patients, 28 EOPD patients and 37 M-LOPD
patients, and two age- and sex-matched control groups (23
controls in each group). The voxel-based morphometry
(VBM) technique was used to examine changes in gray matter
(GM) density between patients and their corresponding con-
trols. Compared with controls, EOPD patients had lower GM
density in the left putamen, inferior frontal gyrus and insula,
and higher GM density in the right occipital lobe and bilateral
cerebellum posterior lobes. M-LOPD patients had lower GM
density in the left cerebellum posterior lobe, occipital lobe and
right supplementary motor area (SMA), and higher GM den-
sity in the left middle temporal gyrus. Correlation analyses
showed that GM density values in the right cerebellum poste-
rior lobe positively correlated with the Unified Parkinson’s
Disease Rating Scale (UPDRS) motor scores and the
Hoehn–Yahr stages in EOPD patients. Our results reveal dif-
ferent patterns of structural changes in EOPD and M-LOPD
patients. A probable compensatory effect of the cerebellum
was observed and may partly explain the slower decline of
motor function in EOPD patients.
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Introduction

Parkinson’s disease (PD) is a chronic neurodegenerative dis-
order with onset usually between 50 and 75 years of age, with
an average age of 60 years (Tsai et al. 2002; Quinn et al. 1987;
Tanner and Aston 2000). However, there is a subgroup of PD,
early-onset Parkinson’s disease (EOPD), in which patients
present with a parkinsonian syndrome before the age of
50 years (Quinn et al. 1987; Schrag and Schott 2006). The
clinical evolution and characteristics of EOPD are somewhat
different from those of middle-late-onset Parkinson’s disease
(M-LOPD). For example, compared with M-LOPD, EOPD
patients tend to have a slower disease progression (particularly
with regard to falls, freezing and gait disturbances) and later
development of cognitive impairment, but often have greater
incidences of motor complications (such as dyskinesias, dys-
tonia and motor fluctuations) (Schrag and Schott 2006; Alves
et al. 2005; Mehanna et al. 2014). Moreover, despite the
slower disease progression, EOPD patients often suffer from
a poorer quality of life, with significantly higher depression
scores than those of M-LOPD patients with similar disease
severity (Mehanna et al. 2014; Knipe et al. 2011).

A number of studies have found that onset-of-age related
brain changes exist in EOPD patients, and are possibly related
to the distinct clinical characteristics of these patients. A path-
ological study showed a greater degree of nigral-cell loss in
EOPD patients compared withM-LOPD patients, although no
differences in basic Lewy body pathology were observed
(Gibb and Lees 1988). Molecular studies have found greater
dopamine density loss in EOPD patients, along with a slower
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rate of loss, which might partly explain the slower disease
progression in these patients (Shih et al. 2007; de la Fuente-
Fernandez et al. 2011). Additionally, a probable differential
iron deposition pattern, relative to M-LOPD patients, was de-
tected in EOPD patients in a magnetic resonance imaging
(MRI) study (Bartzokis et al. 1999). Moreover, recent func-
tional MRI studies revealed that different disease severities
correlated with brain functional alterations in EOPD and
LOPD patients (Sheng et al. 2016; Hou et al. 2016). Overall,
this suggests that brain metabolism and function in EOPD
might be different to that in M-LOPD patients, but little is
known about the different structural changes in the brains of
these two groups.

Therefore, the purpose of this study was to investigate,
using the voxel-based morphometry (VBM) technique,
whether there are morphological differences in various brain
areas in EOPD andM-LOPD patients. This may provide some
clues to help explain the different clinical manifestations of
each of these forms of PD.

Materials and methods

Participants

Sixty-five right-handed patients with PD, according to the UK
Parkinson’s Disease Brain Bank criteria, were recruited from
the Department of Neurology, Second Affiliated Hospital of
Zhejiang University. To study the effect of age at onset, PD
patients were categorized into a M-LOPD group (onset
>50 years, 37 patients) or an EOPD group (onset ≤50 years,
28 patients). In addition, 23 right-handed healthy controls
were recruited from the community as a BYoung^ control
group (YC) (age- and sex-matched to EOPD), and another
23 right-handed controls were recruited to an BOld^ control
group (OC) (age and sex-matched to M-LOPD). All partici-
pants with evidence of other neuropsychiatric diseases or
brain trauma were excluded. The study was approved by the
Medical Ethics Committee of the Second Affiliated Hospital,
Zhejiang University School of Medicine, and all participants
provided informed consent at the beginning of the study.

Thirty-four patients in our study had already received
medical treatment for PD (13 EOPD group, and 21 in
M-LOPD group), and the anti-parkinsonian medicine
was terminated at least 12 h prior to the clinical evalu-
ation and imaging, to make the patients in the OFF-
state. Scores obtained from the Unified Parkinson’s
Disease Rating Scale (UPDRS) and Hoehn and Yahr
(H&Y) Stage were assessed for all patients prior to
scanning. And the Daily Levodopa Equivalents Does
(DLED) of the medicated patients were also calculated
(Tomlinson et al. 2010). Table 1 shows the clinical de-
tails of all participants.

Image acquisition and preprocessing

All data were acquired using a 3.0 T MRI scanner (GE
Medical Systems, Signa EXCITE). Earplugs and foam pads
were used to reduce noise and head motion. Three-
dimensional axial Fast Spoiled Gradient Recalled (3D–
FSGPR) images were collected with the following parame-
ters: whole brain; TR/TE = 5.1 ms/1.2 ms; FOV = 24×
24 cm2; matrix = 256× 256; slices = 124; thickness = 1.2 mm;
and space = 0 mm.

Image preprocessing was conducted using the VBM8 tool-
box (http://dbm.neuro.uni-jena.de/vbm) implemented in
SPM8 (http://www.fil.ion.ucl.ac.uk/spm/). The images were
segmented into GM, white matter (WM) and cerebrospinal
fluid (CSF). Then a high-dimensional DARTEL normaliza-
tion protocol was applied to the GM maps, following John
Ashburner’s method (Ashburner 2007). A Montreal
Neurological Institute (MNI) space transformation was in-
cluded using a Gaussian smoothing kernel of 6-mm full width
at half-maximum.

Statistical analysis

Statistical analysis was carried out using IBM SPSS Statistics
for Windows, Version 19.0 (IBM Corp., Armonk, NY, USA).
To test the clinical differences of between the EOPD and M-
LOPD groups, two-sample t tests were performed for age,
disease duration, DLED, UPDRS motor scores and H&Y
stages. A Chi-square test was used to compare differences in
sex between the two groups. Two-sample t test and Chi-square
test were also conducted to test the age and sex differences,
respectively, between patients and their corresponding con-
trols. The significance threshold was set at p < 0.05.

GM maps were compared between groups of patients and
their corresponding controls using a two-sample t test (p < 0.001
and cluster size >100 voxels, uncorrected) in SPM8. Age and
sex were used as the main covariates. Regions showing signif-
icant differences were further extracted and the mean GM den-
sity values were calculated by using theMarsbar toolbox (http://
marsbar.sourceforge.net/). Partial correlation analyses were then
performed between the GM density values from each of the
significant clusters and the UPDRS motor scores, H&Y stages
in patient groups, controlling for age and sex. Here, as a
preliminary and exploratory study, we did not perform
multiple correction in correlation analyses.

Results

Clinical characteristics

No significant differences were observed in age (EOPD vs.
YC: 49.6 ± 5.9 years vs. 51.3 ± 6.3 years,P = 0.318;M-LOPD
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vs. OC: 62.4 ± 5.9 years vs. 64.2 ± 6.7 years, P = 0.282) or sex
(EOPD vs. YC: 15/13 vs. 12/11, P = 0.922; M-LOPD vs. OC:
18/19 vs. 12/11, P = 0.792) between patients and their respec-
tive control groups. Between the EOPD andM-LOPD groups,
no significant differences were found in sex (15/13 vs. 18/19,
P= 0.696), disease duration (4.5 ± 3.6 years vs. 4.1 ± 3.1 years,
P = 0.620), DLED (203.8 ± 265.9 mg vs. 296.7 ± 332.1 mg,
P = 0.229), UPDRSmotor scores (24.0 ± 15.5 vs. 29.3 ± 14.6,
P = 0.161). H&Y stage was lower in the EOPD group
(2.1 ± 0.7 vs. 2.5 ± 0.6, P = 0.004; Table 1).

GM density differences

Compared with YC, EOPD patients had reduced GM
density in the left putamen, inferior frontal gyrus and
insula, and increased GM density in the right occipital
lobe and bilateral cerebellum posterior lobes (Fig. 1;
Table 2). M-LOPD patients, when compared with OC,
had a different pattern with reduced GM density in the
left cerebellum posterior lobe, left occipital lobe and
right supplementary motor area (SMA), and increased
GM density in the left middle temporal gyrus (Fig. 2;
Table 2).

Correlation analysis

Partial correlation analyses showed that the GM density of the
right cerebellum posterior lobe had significantly increased
GM density values in EOPD patients, and this positively cor-
related with UPDRS motor scores (r = 0.431, p = 0.028) and
H&Y stage (r = 0.453, p = 0.020; Fig. 3).

No correlations were found between clinical parameters
and GM density values in other structurally altered areas in
either EOPD or M-LOPD patients.

Discussion

Different patterns of structural changes were observed in the
EOPD and M-LOPD patients in our study. The M-LOPD
patients had GM loss in the cerebellar, occipital and SMA
regions, and higher GM density in the temporal regions. The
EOPD patients had lower GM density in the putamen, inferior
frontal gyrus and insula, and higher GM density in the cere-
bellar and occipital regions. In addition, the GM density
values of the right cerebellum posterior lobe positively corre-
lated with UPDRS motor scores and H&Y stage in EOPD
patients.

In EOPD patients, we observed GM loss in the putamen,
inferior frontal gyrus and insula. The reduced GM density in
the putamen fits with the pathophysiological basis of PD
(Owen et al. 1998), and maybe attributed to reduced dopami-
nergic innervation in the nucleus (Lee et al. 2014). Recent
studies have indicated that there was more prominent impair-
ment in the putamen in EOPD relative to LOPD patients
(Sheng et al. 2016; Liu et al. 2015). This may explain why
GM loss in the putamen was found in EOPD but not in LOPD
patients in our study. It has been reported that GM loss in the
inferior frontal gyrus and insula is related to depression in PD
patients (Reijnders et al. 2010; Kostic et al. 2010). As EOPD
patients have a higher incidence of depression (Mehanna et al.
2014; Knipe et al. 2011), we speculate that the GM loss in
these regions might be partly responsible for this.

The cerebellum has been reported to influence motor func-
tions in PD patients (Wu and Hallett 2013). Our finding of
cerebellar GM loss in M-LOPD patients is in line with previ-
ous morphological studies (Borghammer et al. 2010;
Benninger et al. 2009; Camicioli et al. 2009), which probably
implicates the cerebellum in the pathology of PD. However,
increasing evidence suggests that the cerebellum may play a
compensatory role in PD patients (Wu and Hallett 2013; Yu
et al. 2007; Wu et al. 2010; Lewis et al. 2007). For example,

Table 1 Demographic and clinical characteristics of the participants

Young groups Old groups P-values

EOPD Young-
Controls(YC)

M-LOPD Old-Controls(OC) EOPD vs. YC M-LOPD vs. OC EOPD VS. M-LOPD

n(female, male) 28(15/13) 23(12/11) 37(18/19) 23(12/11) 0.922 0.792 0.696

Age(years) 49.6 ± 5.9 51.3 ± 6.3 62.4 ± 5.9 64.2 ± 6.7 0.318 0.282 <0.001*

Age of onset(years) 45.0 ± 4.3 - 58.3 ± 4.3 - - - <0.001*

Duration(years) 4.5 ± 3.6 - 4.1 ± 3.1 - - - 0.620

H&Y Stage 2.1 ± 0.7 - 2.5 ± 0.6 - - - 0.004*

UPDRS Part III 24.0 ± 15.5 - 29.3 ± 14.6 - - - 0.161

DLED(mg) 203.8 ± 265.9 - 296.7 ± 332.1 - - - 0.229

Each patient was assessed using Hoehn & Yahr (H&Y) stage and the Unified Parkinson Disease Rating Scale part III (UPDRS; maximum score is 108).
DLED: Daily Levodopa Equivalent Does

*p < 0.05, significant difference between groups
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functional neuroimaging studies have demonstrated that pa-
tients with PD have increased activation in the cerebellum
during motor learning and execution processes, maintaining
their performance at a near normal level (Yu et al. 2007;
Catalan et al. 1999; Wu and Hallett 2008; Mentis et al.
2003). A recent morphometric study detected a cerebellar

GM increase with behavioral improvements after balance
training in PD patients (Sehm et al. 2014), which seemed to
further prompt the cerebellar compensatory effect for the mo-
tor impairment. The EOPD patients have a relatively slower
progression of the disease severity (Schrag and Schott 2006),
which was also suggested by our data that with similar

Table 2 Difference of GM density of patients and their corresponding controls

Peak intensity MNI-coordinates Area Cluster size

X Y Z

EOPD vs. YC −3.96 −21.0 13.5 7.5 Left Putamen 193

−4.12 −40.5 21.0 3.0 Left Inferior Frontal Gyrus 406

Left Insular 185

4.44 −39.0 −52.5 −54.0 Left Cerebellum Posterior Lobe 295

4.05 10.5 −73.5 −49.5 Right Cerebellum Posterior Lobe 271

3.88 4.5 −93.0 7.5 Right Occipital Lobe 132

M-LOPD vs. OC −3.52 0.0 −54.0 −46.5 Left Cerebellum Posterior Lobe 132

−4.27 −10.5 −90.0 9.0 Left Occipital Lobe 121

−4.64 9.0 −9.0 55.5 Right Supp_Motor_Area 186

3.90 −64.5 −45.0 −3.0 Left Middle Temporal Gyrus 175

4.27 −64.5 −18.0 −13.5 Left Middle Temporal Gyrus 126

Key: GM Gray Matter, YC Young controls, OC Old controls
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Fig. 1 EOPD vs. YC: EOPD reveals lowerGM density (blue) in the left putamen, left inferior frontal gyrus and left insula lobe, and higher GM density
(red) in the right occipital lobe and bilateral cerebellum posterior lobes
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Fig. 2 M-LOPD vs. OC: M-LOPD shows lower GM density (blue) in the left cerebellum posterior lobe, left occipital lobe and right supplementary
motor area (SMA), and higher GM density (red) in left middle temporal gyrus

Fig. 3 The GM density values of the right cerebellum posterior lobes positively correlated with (a) UPDRS motor scores (r = 0.431, p = 0.028) and (b)
H&Y stage (r = 0.453, p = 0.020)



durations, the EOPD patients had a lower H&Y stage than the
M-LOPD patients. In the present study, the GM density in the
cerebellum was increased as the motor function declined (rep-
resented by UPDRS motor scores and H&Y stage) in EOPD
patients. We speculated that the increased cerebellar GM den-
sity may be a result of continuous compensatory efforts for the
decline of the motor function (Hufner et al. 2011) in EOPD
patients, and thus, making the motor impairment progressed
more slowly in this cohort of patients. In addition, The cere-
bellum is recognized as being important for the coordination
of voluntary movement, gait, posture and motor function (Wu
and Hallett 2013). This may explain why EOPD patients, with
higher cerebellar GM density, have a slower progression of
motor symptoms particularly like falls, freezing and gait dis-
turbances (Schrag and Schott 2006).

The occipital lobe has been reported to play a role in the
visual process (DeYoe et al. 1996), and is associated with visual
hallucinations in PD patients (Ramirez-Ruiz et al. 2007). Lee
et al. revealed that occipital areas are associated with the per-
formance of Bfrontal lobe^ functional tasks, indicating that the
occipital lobe may compensate for primary fronto-striatal pa-
thology in PD patients (Lee et al. 2013). Correspondingly, in-
creased GM density in this area in EOPD patients might also
indicate an compensatory effect. On the contrary, we observed
decreased GM density in M-LOPD patients, and the GM loss
found in the occipital lobe could contribute to cognitive impair-
ment in PD patients (Hwang et al. 2013; Zhang et al. 2015;
Garcia-Diaz et al. 2014). It has been reported that EOPD pa-
tients often experience a later development of cognitive impair-
ment relative to M-LOPD patients (Schrag and Schott 2006).
Taken together, the different changes within the occipital lobes
in these two PD groups probably contribute to the distinct
differences in the development of cognitive changes.

In M-LOPD patients, we also observed that GM loss oc-
curs in the SMA. The SMA plays a key role in the generation
of self-initiated, multi-segmental voluntary movements
(Nachev et al. 2008). It was reported that the reduced activity
of SMA in PD might be due to the decreased positive efferent
feedback arising from the basal ganglia–thalamocortical mo-
tor loop, and some PD symptoms, such as bradykinesia, might
be related to abnormalities in SMA (Eggers et al. 2015;
Hamada et al. 2009). A structural MR study found a relation-
ship between SMAGM loss and impairedworkingmemory in
PD patients (Biundo et al. 2011). Therefore, based on the early
development of cognitive impairment and faster motor decline
in M-LOPD patients (Schrag and Schott 2006; Alves et al.
2005; Mehanna et al. 2014), GM loss in the SMA might con-
tribute to this pattern, which was not seen in EOPD patients. In
addition, we did find increased GM density in the middle
temporal gyrus in M-LOPD patients. This area is involved in
visual space processing and the observed atrophy is likely to
correlate with cognitive impairment in PD patients (Tam et al.
2005; Song et al. 2011). However, increased GM density in

the middle temporal gyrus has not been reported previously,
and the role of this should be further investigated in the future.

There was a limitation in our study, in that the EOPD group
had a lower H&Y stage than the M-LOPD patients. EOPD
patients tend to have a slower disease progression (Alves et al.
2005), probably relating to a lower H&Y stage relative to M-
LOPD of a similar duration. This is a clinical characteristic of
EOPD, but it may also influence the differences in GMdensity
changes between the EOPD and M-LOPD groups.

In summary, we found different patterns of structural
changes in EOPD and M-LOPD patients. Remarkably, the
increased cerebellar GM density in EOPD patients probably
highlighted a compensatory role of the cerebellum in slowing
the motor decline in this cohort of patients.
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