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Abstract
Objective To investigate the association of homocysteine (Hcy), folate, and white matter hyperintensities in Parkinson’s disease
(PD) with different motor phenotypes.
Methods Of the PD patients, 176 were included. Based on the Unified Parkinson’s Disease Rating Scale, the PD patients were
classified into postural instability gait disorder (PIGD) and non-PIGD phenotypes. According to the Fazekas score, patients were
divided into the none/mild white matter hyperintensity (WMH) group and the moderate/severe WMH group. The relationship of
Hcy, folate, and white matter hyperintensities (WMHs), and the motor phenotype of PD were analyzed.
Results PD-PIGD patients had higher proportion of moderate/severe WMHs, Hcy levels, and lower folate levels than PD-non-
PIGD patients (p all ≤ 0.001). In the subgroup analysis, patients with both PD-PIGD and moderate/severeWMHs had the highest
Hcy and lowest folate levels compared with others. Binary logistic regression analysis showed that age, folate, and Hcy were
independent risk factors for WMHs. In an a priori-determined stratified analysis, after adjustment for confounding factors, the
odds ratio of WMHs was 8.01 (95% CI 2.700–23.767, p trend = 0.001) in the patients with Hcy levels in the highest quintile
compared with the lowest quintile and 16.81 (95% CI 4.74–59.65, p trend < 0.001) in the patients with folate levels in the lowest
quintile compared with the highest quintile.
Conclusions Our data showed a close association between WMHs and Hcy, folate especially in PD-PIGD patients. It can be
speculated that higher Hcy and lower folate probably played important roles in the development of WMHs and motor hetero-
geneity in PD.

Keywords Parkinson’s disease . Homocysteine . Folate .White matter hyperintensities . Motor phenotype

Introduction

White matter hyperintensities (WMHs) are frequent comorbidi-
ties in Parkinson’s disease (PD). Combined pathological findings
of PD and white matter and/or basal ganglia lesions may deter-
mine a different clinical course and prognosis than those with
isolated PD [1]. Previous studies showed that WMHs correlated
with axial motor impairment and were associated with cognition
in PD patients [2, 3]. However, the underlying biological mech-
anism of WMHs in PD has yet to be elucidated. Recently, the
vascular hypothesis has been greatly developed, proposing a key
role for neurovascular changes in neuronal dysfunction and loss
[4–8]. Evidence has accumulated that vascular factors play an
important role in the etiology of WMHs, including hypertension
[9, 10], diabetes mellitus [11], obesity [12, 13], and smoking
[14]. However, the risk factors of WMHs in PD patients have
not been made clear.
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Homocysteine (Hcy) is a sulfur-containing amino acid
formed by interconversion of methionine and cysteine. Hcy
has a variety of neurotoxic effects in the pathogenesis of a
variety of neurodegenerative diseases, including dementia and
PD [15, 16]. In recent years, many studies have investigated the
associations between Hcy and PD and shown that patients with
PD have increased levels of Hcy in comparison with age-
matched healthy controls [17, 18]. Hyperhomocysteinemia
(HHcy) may lead to dopaminergic cell death through neurotox-
icity in PD patients [17, 19, 20]. Therefore, regulation of Hcy
metabolismmay reduce the risk of PD by reducing plasmaHcy.
Folate and vitamin B12 are significant determinants of Hcy
levels. A previous study on a cohort of psychiatric patients
showed that HHcy and low folate levels were associated with
white matter hyperintensities [21].

However, to date, the existing evidence on the relevance of
WMHs and Hcy in PD is limited [2, 22]. The study on the
relevance of WMHs and folate in PD has not been reported. In
the present study, we aimed to investigate the relationships be-
tween plasma Hcy and folate and WMHs, as well as the associ-
ation between the presence of WMHs and motor phenotype in
PD.We hypothesized that HHcy and low folate levels can accel-
erate the progression of PD by affecting white matter lesions. By
discovering the risk factors for PD with white matter lesions, this
work may lead to a new intervention strategy. We also hypothe-
sized that HHcy and low folate levels might affect the disparity
between the postural instability gait disorder (PIGD) and tremor
dominant phenotypes by aggravating WMHs.

Methods

Subjects

PD patients were recruited from the Center of Parkinsonism
and Movement Disorders in our hospital from September
2013 to July 2017. The study was approved by our hospital’s
ethical committee. All participants provided written informed
consent to participate.

Inclusion criteria

The diagnosis of PD was based on the UK Parkinson’s
Disease Society Brain Bank clinical diagnosis criteria [23].
All patients had positive levodopa response during at least
1-year follow-up visits, and none met diagnostic criteria for
vascular parkinsonism [24].

Exclusion criteria

Patients were excluded if they had any of the following: (1)
secondary parkinsonian syndrome; (2) solid malignancy or
hematological disorders; (3) acute or chronic infections or

hepatic or renal diseases; (4) current vitamin supplementation;
(5) history of cerebrovascular disease.

Demographics, clinical characteristics, laboratory
tests, and imaging assessment

We recorded the following information for all patients: gender,
age, body mass index (BMI), PD duration, medication type,
dose, frequency, time, and duration of use, and vascular risk
factors such as arterial hypertension, ischemic heart disease,
atrial fibrillation, diabetes mellitus, hyperlipidemia, cigarette
smoking, and alcohol consumption. Medication dosages were
converted to levodopa dosage equivalents (LDE) using the
unified formula [25]: (regular LD dose) + (LD CR dose ×
0.75) + (LD × 0.33 if entacapone) + (pramipexole dose ×
100) + (ropinirole dose × 20) + (rotigotine dose × 30) +
(pergolide dose × 1) + (bromocriptine dose × 10) + (selegiline
dose × 10) + (rasagiline dose × 100) + (amantadine dose × 1).

Disease severity was evaluated using the Unified Parkinson’s
Disease Rating Scale (UPDRS) and the Hoehn and Yahr (H&Y)
stage. All rating scales were performed by two neurologists in
movement disorders. According to the classification for clinical
phenotypes (the ratio ofmean tremor score/mean PIGD score) by
Jankovic et al. [26], ratio scores ≥ 1.5 identified subjects with the
TD subtype, ratio scores ≤ 1.0 the PIGD subtype, and 1.0 < ratio
scores < 1.5 the indeterminate subtype. Due to a relative small
sample number of the indeterminate subtype in our sample, the
TD and indeterminate groups were combined to form a single
non-PIGD group for subsequent analyses.

For all patients, blood samples were taken from a periph-
eral vein in the morning after a 12-h fasting period and were
tested for fasting blood glucose, total cholesterol, low-density
lipoprotein cholesterol, creatinine, uric acid, cystatin C
(CysC), homocysteine, folate, and vitamin B12.

All MRIs were performed with a Philips Intera 1.5 T
(Philips Medical Systems, the Netherlands). Axial T2-
weighted images, complemented with coronal fluid-
attenuated inversion recovery (FLAIR), were used for mea-
suring white matter lesion (WML) volume. For cerebral MRI,
the extent of deepWMHs (DWM) and periventricular WMHs
(PVH) was scored using the Fazekas score (0 = absent, 1 =
punctate foci, 2 = beginning confluence areas, 3 = large con-
fluent areas). All scoring was performed consistently by the
same neuroradiologist. The severity was graded as none (0),
mild (1), moderate (2), or a marked decrease in the attenuation
of white matter (3). Participants were divided into two groups
according to their WMH scores: group 0, none to mild (WMH
score 0–1), and group 1, moderate to severe (WMH score ≥ 2).

Statistical analysis

SPSS for Windows, version 23.0 (IBM Corporation, New York,
USA), was used for statistical analysis. Continuous variables are

1856 Neurol Sci (2019) 40:1855–1863



presented as the mean ± standard deviation or median (interquar-
tile range), and categorical variables are presented as percentages
(%). The chi-square test was used for categorical data. The nor-
mally distributed variables were compared using an independent
t test and analyses of variance. And the continuous non-normally
distributed variables were compared using a Mann-Whitney U
test. Spearman’s correlation coefficients were computed to

examine the relationships between clinical manifestations and
WMHs. Binary logistic regression was used for the multivariate
analysis of the baseline characteristics as risk factors for WMHs.
Binary logistic regression was used to estimate the odds ratio
(OR) of WMHs by quantiles of Hcy and folate levels, stratified
by four categories. A test for a linear trend was conducted with
the use of quantiles of the Hcy and folate level variables as

Table 1 The comparison of
demographics and basic disease
characteristics between PD-non-
PIGD and PD-PIGD

Characteristics All (n = 176) PD-non-PIGD
(n = 40)

PD-PIGD
(n = 136)

p

Male sex, n (%) 64 (36.4) 20 (50.0) 44 (32.4) 0.041

Age 63.78 ± 10.25 66.00 ± 9.59 63.13 ± 10.38 0.120

BMI 22.83 ± 3.41 23.43 ± 3.98 22.66 ± 3.22 0.229

PD duration 4.00 (2.00, 6.00) 3.00 (1.25, 4.75) 4.00 (2.00, 6.00) 0.129

Hoehn and Yahr stage 2.00 (1.50, 2.50) 2.00 (1.25, 2.50) 2.00 (1.50, 2.50) 0.311

UPDRS III 22.00 (16.00,
30.00)

22.00 (13.00,
23.75)

22.00 (17.00,
32.00)

0.007

LDE 300.00 (0, 487.50) 106.25 (0, 300.00) 300.00 (0, 500.00) 0.014

Vascular risk factors

Hypertension (%) 56 (31.8) 20 (50.0) 36 (26.5) 0.005

Diabetes (%) 16 (9.1) 4 (10.0) 12 (8.8) 0.820

Smoking (current) (%) 22 (12.5) 4 (10.0) 18 (13.2) 0.587

Alcohol consumption (%) 12 (6.8) 2 (5.0) 10 (7.4) 1.000

UA (μmol/L) 294.13 ± 73.69 290.05 ± 93.55 295.32 ± 67.12 0.741

LDL (mmol/L) 2.65 ± 0.75 2.64 ± 0.65 2.66 ± 0.78 0.865

TC (mmol/L) 4.60 ± 0.92 4.69 ± 0.87 4.57 ± 0.94 0.484

GLU (mmol/L) 5.07 (4.67, 5.39) 5.07 (4.76, 5.44) 5.07 (4.62, 5.37) 0.209

CysC (mg/L) 0.98 (0.86, 1.16) 0.97 (0.81, 1.12) 0.99 (0.89, 1.16) 0.175

Vitamin B12 (pg/mL) 384.00 (292.25,
420.00)

385.00 (332.23,
438.25)

384.00 (278.97,
420.00)

0.591

Folate (ng/mL) 9.16 ± 4.30 12.14 ± 5.08 8.28 ± 3.62 < 0.001

Hcy (μmol/L) 15.01 ± 7.35 12.30 ± 4.73 15.81 ± 7.79 0.001

WMHs (moderate/severe) (%) 102 (58.0) 24 (44.4) 78 (63.9) 0.016

Values are presented as mean ± standard deviation or median (interquartile range), and categorical variables are
presented as percentage (%)

BMI bodymass index, PD Parkinson’s disease,UPDRSUnified Parkinson’s Disease Rating Scale, PIGD postural
instability gait disorder, LDE levodopa dosage equivalents, UA uric acid, LDL low-density lipoprotein, TC total
cholesterol, GLU glucose, CysC cystatin C, Hcy homocysteine

Table 2 The comparison of
WMH data between PD-non-
PIGD and PD-PIGD patients

WMH All patients
(n = 176)

PD-non-PIGD
(n = 40)

PD-PIGD
(n = 136)

p
value

Moderate to severe WMH
(score ≥ 2, %)

102 (58.0) 14 (35.0) 88 (64.7) 0.001

Moderate to severe PVH (≥ 2, %) 70 (39.8) 20 (50.0) 50 (36.8) 0.133

Moderate to severe DWM (≥ 2, %) 28 (15.9) 6 (15.0) 22 (16.2) 0.858

WMH score 2.00 (1.00, 3.00) 1.00 (0, 3.00) 2.00 (1.00, 3.00) 0.039

PVH score 1.00 (1.00, 2.00) 1.50 (0, 2.00) 1.00 (1.00, 2.00) 0.893

DWM score 1.00 (0, 1.00) 0.50 (0, 1.00) 1.00 (0, 1.00) 0.028

Values are presented as median (interquartile range), and categorical variables are presented as percentage (%)

PD Parkinson’s disease, PIGD postural instability gait disorder, WMHs white matter hyperintensities, PVHs
periventricular hyperintensities, DWMs deep white matter hyperintensities
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continuous variables by assigning the median values of the quin-
tiles to the variables. A p < 0.05 and 95% confidence intervals of
OR (logistic regression) that excluded 1.0 were considered sta-
tistically significant.

Results

In total, 176 patients with PD were included in this study.
Basic demographics and clinical characteristics of all the sub-
jects and the PIGD and non-PIGD phenotypes are summa-
rized in Table 1. Of all the participants, 40 patients (22.7%)
were classified as the non-PIGD phenotype, and 136 patients
(77.3%) were classified as the PIGD phenotype.

Comparisons of demographic data and motor characteris-
tics between the PD-non-PIGD and PD-PIGD phenotypes are
summarized in Table 1. PD-PIGD patients had a lower pro-
portion of male gender (p = 0.041), higher UPDRS III score
(p = 0.007), and higher LDE (p = 0.014) than PD-non-PIGD
patients. The PD-PIGD patients had higher Hcy plasma levels
than PD-non-PIGD patients (p = 0.001) and lower folate
levels than PD-non-PIGD patients (p < 0.001). The PD-

PIGD patients had lower proportion of hypertension (p =
0.005) than the PD-non-PIGD patients.

MRI findings

WMHs based on the Fazekas score are summarized in Table 2.
As indicated, the DWMscore was higher in PD-PIGD patients
than in PD-non-PIGD patients (p = 0.028), and the proportion
of moderate to severeWMHswas higher in PD-PIGD patients
than that in PD-non-PIGD patients (p = 0.001). After
adjusting for gender, the WMHs were still the independent
risk factor of motor phenotype (Table 3).

In the entire PD cohort, those with moderate to severe
WMHs had significantly higher Hcy levels and lower folate
levels than those with none to mild WMHs (Figs. 1 and 2). In
the subgroup analysis, patients with both PD-PIGD and
moderate/severeWMHs had the highest Hcy and lowest folate
levels compared with others (Fig. 3).

In the entire PD cohort, Spearman’s correlation analyses of
all variables showed that the WMHs correlated with age (r =
0.387, p < 0.001), smoking (r = − 0.165, p = 0.028), CysC
(r = 0.298, p < 0.001), folate (r = − 0.309, p < 0.001), and

Fig. 1 Comparison of Hcy levels
in PD patients with none to mild
vs. moderate to severe WMHs

Table 3 Binary logistic regression model examining predictors of motor subtypes (PIGD and non-PIGD subtypes)

WMHs Unadjusted OR (95% CI) p value Adjusted OR (95% CI)a p value

Moderate to severe WMH (score ≥ 2, %) 3.405 (1.626–7.128) 0.001 3.799 (1.771–8.150) 0.001

Moderate to severe PVH (score ≥ 2, %) 0.580 (0.286–1.184) 0.135 0.508 (0.243–1.060) 0.070

Moderate to severe DWM (score ≥ 2, %) 1.094 (0.410–2.915) 0.858 1.164 (0.431–3.147) 0.765

WMH score 1.304 (0.989–1.718) 0.060 1.301 (0.989–1.712) 0.060

PVH score 1.122 (0.733–1.716) 0.596 1.050 (0.683–1.614) 0.824

DWM score 1.773 (1.027–3.060) 0.040 1.833 (1.059–3.172) 0.030

WMHs white matter hyperintensities, PVHs periventricular hyperintensities, DWMs deep white matter hyperintensities, OR odds ratio, CI confidence
interval
a Adjusted for gender
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Hcy (r = 0.355, p < 0.001). No significant correlations were
found among the remaining variables (Table 4). Binary logis-
tic regression analysis showed that age (OR [95% CI] = 1.103
[1.058–1.151], p < 0.001), folate level (OR [95% CI] = 0.826
[0.751–0.908], p < 0.001), and Hcy level (OR [95% CI] =
1.124 [1.036–1.195], p < 0.001) were independent risk factors
for WMHs (Table 5).

The association of Hcy, folate, and risk of WMHs is pre-
sented in Table 6. In an a priori-determined stratified analysis,
we found that there were significant positive associations be-
tween Hcy and WMHs. A higher Hcy level was associated
with a significantly higher risk of moderate to severe WMHs
when adjusting for age (OR = 5.228, 95% CI 2.035–13.428, p
trend = 0.001) and after further adjustment for folate and vita-
min B12 (OR = 8.085, 95%CI 2.823–23.153, p trend < 0.001).
After further adjustment for CysC, hypertension, diabetes, and
alcohol consumption, the association of Hcy withWMHs was
not attenuated (OR = 8.011, 95% CI 2.700–23.767, p trend =
0.001) in the patients with levels of Hcy in the highest quintile
compared with the lowest. There were significant associations
between low folate and WMHs. A lower folate level was
associated with a significantly higher risk of moderate to se-
vere WMHs when adjusting for age (OR = 8.14, 95% CI
2.95–22.41, p trend < 0.001) and after further adjustment for
Hcy and vitamin B12 (OR = 18.81, 95% CI 5.42–65.27, p
trend < 0.001). After further adjustment for CysC,

hypertension, diabetes, and alcohol consumption, the associ-
ation of folate with WMHs was not attenuated (OR = 16.81,
95% CI 4.74–59.65, p trend < 0.001) in the patients with
levels of folate in the lowest quintile compared with the
highest.

Discussion

In this study, we found in PD patients that moderate to severe
WMHs were related to higher Hcy and lower folate levels in
the entire PD sample independent of age, CysC, hypertension,
low-density lipoprotein cholesterol, and vitamin B12.
Moreover, a greater proportion of cases with moderate to se-
vere WMHs were identified in PD-PIGD than in PD-non-
PIGD patients.

WMHs are frequently viewed as a marker of small-vessel
disease related to vascular risk factors. WMHs appear to con-
tribute to the development of gait disorders in PD [2, 3]. Based
on this background, we believe that it is important to understand
which factors may contribute to the development of WMHs in
these patients, as such insights may provide new therapeutic
targets. Many risk factors, such as hypertension, diabetes,
smoking, and advanced age, are classic risk factors for
WMHs. In addition to these risk factors, some studies have
shown that Hcy was associated with WMHs [27, 28]. This is

Fig. 2 Comparison of folate
levels in PD with none to mild vs.
moderate to severe WMHs

Fig. 3 Comparison of Hcy levels
and folate levels in different
motor phenotypes and WMHs.
#< 0.01, *< 0.001
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consistent with our research findings. In our study, there was a
positive correlation between Hcy and WMHs. A higher Hcy
level was associated with a significantly higher risk of moderate
to severe WMHs even after adjusting for age, folate, vitamin
B12, CysC, hypertension, diabetes, and alcohol consumption in
the patients with levels of Hcy in the highest quintile compared
with the lowest. In this context, it appears interesting to us that
this study showed an association between folate and WMHs,
independent of homocysteine. Previous studies in a psychiatric
cohort found that folate was associated with white matter le-
sions [21]. However, thus far, no study has investigated the
correlation between folate and white matter lesions in PD pa-
tients. Previous studies have shown that low folate levels pro-
moted the progression of PD. Folate deprivation makes

dopaminergic neurons more sensitive to damage and death,
which plays an important role in the pathogenesis of PD [29].
In animal models of parkinsonism, supplementation with folic
acid could provide a neuroprotective effect by reducing oxida-
tive stress. The neuroprotective effect of folic acid is not medi-
ated by lowering plasma Hcy [30]. Our study showed that low
folate levels were a risk factor of white matter lesions indepen-
dent of homocysteine in PD patients. Since no patients were
clinically deficient in folate in our study group, it may be nec-
essary to rethink the cutoff value of folate that is considered a
functionally significant micronutrient deficiency in PD patients.
However, other traditional risk factors for vascular diseases,
such as hypertension, diabetes, smoking, and alcohol consump-
tion, were not associated with WMHs in PD patients in our
study. This may suggest that homocysteine and folate do not
affect white matter lesions based on vascular sclerosis but exert
effects onwhitematter alterations through other potential mech-
anisms, such as increased oxidative stress [15, 16] and in-
creased rate of accumulation of amyloid [31, 32].

Previous studies on WMHs and motor impairment have
been inconsistent. Some studies support that WMHs aggra-
vate motor symptoms in PD patients [1, 33, 34], while others
have shown that WMHs have no effect on postural instability
and gait [35, 36]. In our study, PD-PIGD patients had higher
DWM scores and a higher proportion of moderate to severe
WMHs than PD-non-PIGD patients. As PIGD and non-PIGD
groups were not matched for gender ratio in the demographic
data, an important question is whether comorbid moderate/
severe WMHs in PD reflect effects of gender. So we used
PD-PIGD and PD-non-PIGD subtypes as dependent variable
and WMHs as independent variable to carry out binary logis-
tic regression, and after adjusting for gender, as categorical
variable, the WMHs were still the independent risk factor of
motor phenotype.

Recent studies have supported the relation between motor
symptoms and the architecture of the neural network in PD
patients [37]. Comorbid WMHs may disconnect local neuro-
nal networks or long association fibers linking distant cortical
areas that are important for performing movements with pos-
tural control systems [38, 39]. Subcortical WMHs disrupt
short corticocortical connections, whereas periventricular
WMHs may lead to damage within regions containing coor-
dination of multiple and distinct cortical areas [40]. According

Table 4 Correlation analysis of clinical characteristics and WMHs

Clinical characteristics and laboratory parameters WMHs

r P

Gender − 0.070 0.359

Age 0.387 < 0.001

PD duration 0.045 0.566

Hoehn and Yahr stage − 0.121 0.111

UPDRS III − 0.145 0.055

LDE 0.123 0.105

Hypertension 0.137 0.070

Diabetes 0.029 0.701

Smoking − 0.165 0.028

Drinking − 0.044 0.566

UA − 0.039 0.608

LDL 0.129 0.089

TC 0.035 0.649

GLU − 0.079 0.298

CysC 0.298 < 0.001

Vitamin B12 − 0.102 0.176

Folate − 0.309 < 0.001

Hcy 0.355 < 0.001

WMHs white matter hyperintensities, PD Parkinson’s disease, UPDRS
Unified Parkinson’s Disease Rating Scale, PIGD postural instability gait
disorder, LDE levodopa dosage equivalents, UA uric acid, LDL low-
density lipoprotein, TC total cholesterol, GLU glucose, CysC cystatin
C, Hcy homocysteine

Table 5 Binary logistic
regression model examining
predictors of WMHs

Variable Beta coefficient Standard error Wald p value OR 95% CI

Hcy 0.116 0.031 13.704 < 0.001 1.124 1.056–1.195

Folate − 0.191 0.048 15.588 < 0.001 0.826 0.751–0.908

Age 0.098 0.021 21.325 < 0.001 1.103 1.058–1.151

WMHs white matter hyperintensities, OR odds ratio, CI confidence interval, Hcy homocysteine
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to the results of our study, we speculate that DWM aggravates
gait disorders in Parkinson’s patients by damaging local neu-
ronal networks.

Our present findings reveal an association of Hcy, folate,
andWMHs, suggesting that HHcy and low folate levels might
contribute to the development of WMHs and perhaps also
contribute indirectly to the motor heterogeneity in PD that
results from these WMHs.

Limitations

Our research has the following limitations. First, there was no
normal control group, which limited our comparison with the
general population. Second, the study was a cross-sectional
study, and it precluded the investigation of change over time.
Finally, this is a single-center study. Our sample size is rela-
tively small, especially the sample of non-PIGD with
moderate/severe WMHs, which leads to the imbalance of
sample size. This could have affected the meaningfulness of
results obtained. All of these limitations will be addressed in
future studies by using a larger sample size.

Conclusions

In summary, our data showed a close association between
WMHs and Hcy, folate especially in PD-PIGD patients. It
can be speculated that higher Hcy and lower folate probably
played important roles in the development of WMHs and
motor heterogeneity in PD.
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