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Background. Studies attempting to elucidate an association between homocysteine and symptom progression in Parkinson’s
disease (PD) have had largely discrepant ﬁndings. This study aimed to investigate elevated serum homocysteine levels and
symptom progression in a cohort of PD patients. Methods. Serum homocysteine, folate, and vitamin B12 levels were measured in
205 people with PD and 78 age-matched healthy controls. People with Parkinson’s disease underwent a battery of clinical
assessments to evaluate symptom severity, including motor (MDS-UPDRS) and cognitive (ACE-R) assessments. Multivariate
generalised linear models were created, controlling for confounding variables, and were used to determine whether serum markers
are associated with various symptom outcome measures. Results. People with Parkinson’s disease displayed signiﬁcantly elevated
homocysteine levels (p < 0.001), but not folate or vitamin B12 levels, when compared to healthy controls. A signiﬁcant positive
correlation between homocysteine and MDS-UPDRS III score was identiﬁed in males with Parkinson’s disease (rs � 0.319,
p < 0.001), but not in females, whereas a signiﬁcant negative correlation between homocysteine levels and total ACE-R score was
observed in females with Parkinson’s disease (rs � −0.449, p < 0.001), but not in males. Multivariate general linear models
conﬁrmed that homocysteine was signiﬁcantly predictive of MDS-UPDRS III score in male patients (p � 0.004) and predictive of
total ACE-R score in female patients (p � 0.021). Conclusion. Elevated serum homocysteine levels are associated with a greater
motor impairment in males with Parkinson’s disease and poorer cognitive performance in females with Parkinson’s disease. Our
gender-speciﬁc ﬁndings may help to explain previous discrepancies in the literature surrounding the utility of homocysteine as a
biomarker in PD.

1. Introduction
Parkinson’s disease (PD) is a chronic and progressive
neurological disease that is characterised by the onset of an
array of motor and nonmotor signs and symptoms. Nonmotor symptoms, including cognitive impairment, apathy,

emotional disturbance, and sleep disturbance, are commonly reported as being equally as debilitating as cardinal
motor symptoms [1]. It is well established that the progression and clinical symptom presentation varies considerably among people with Parkinson’s disease (PwP) [2],
with some studies indicating that several nonmotor features
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of PD often precede traditional motor signs [3]. Despite the
well-characterised symptomatology of this disease, the
speciﬁc pathogenic mechanisms underlying the death of
such a vast array of neurons and structures cannot yet be
explained. Therefore, factors that predict these varying
outcomes in PwPs and potential diagnostic biomarkers of
this degenerative disease require exploration.
Homocysteine (Hcy) is a thiol-containing, nonessential
amino acid that is generated in all cells as a by-product of
methionine and folate metabolism [4, 5]. Hcy is normally
metabolised through two biochemical pathways, during
remethylation to methionine and transsulfuration to cystathionine [6]. Therefore, Hcy can accumulate if these
biochemical processes become dysregulated [6, 7]. Typically,
elevated Hcy levels are associated with increasing age, male
gender, caﬀeine consumption, lack of physical activity, and
smoking [7, 8]. Additionally, low levels of dietary vitamin
B12 and folate have been associated with elevated serum
Hcy, most likely due to the role they have in Hcy metabolism
[9, 10]. High levels of serum Hcy, known as hyperhomocysteinemia (HHcy), are thought to contribute to
endothelial dysfunction and oxidative damage [7, 11–15].
While previous studies have implicated high levels of serum
Hcy in stroke and other cardiovascular disorders [16–18],
associations with neurodegenerative disorders such as dementia and Alzheimer’s disease (AD) have also been
identiﬁed [9, 19].
Several studies have reported an association between
HHcy and PD; however, such associations have been
thought to be a result of long-term levodopa (L-DOPA)
therapy [20, 21]. Interestingly, these studies have also indicated that L-DOPA, itself, may be the principal cause of
elevated Hcy levels, as opposed to a consequence of the
disease [5, 20–22]. Many studies indicate that elevated Hcy
levels can occur independently of PD medication due to
genetic variants and nutritional deﬁciencies of vitamin B12
and folate [23, 24]. Further to this, it is thought that these
variants or deﬁciencies can lead to greater susceptibility to
HHcy following levodopa treatment, which is a risk factor
for more rapid cognitive decline and progression of motor
impairment [20, 25, 26]. To date, investigations into the
relationship between elevated Hcy and rate of PD progression and severity have yielded inconsistent results, with
variation occurring in studies reporting whether or not
HHcy is a risk factor for disease progression [2, 20, 25]. As
such, it remains unclear whether HHcy is a signiﬁcant
contributor to PD, or whether disease progression leads to
the elevation of Hcy levels [12]. Similarly, the association
between elevated levels of Hcy and cognitive dysfunction
remains unclear. Findings from a number of studies suggest
that elevated Hcy may contribute to the development and
exacerbation
of
cognitive
impairment
in
PD
[5, 15, 24, 27–29], and others have reported no association
between Hcy serum levels and cognitive impairment
[24, 30].
Despite extensive research, there are still inconsistent
results surrounding the association between HHcy and
clinical features of PD, and therefore the utility of Hcy as a
biomarker in PD remains in question. As such, this study
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aimed to investigate homocysteine levels in a cohort of PwP
and healthy controls and determine the eﬀect of elevated
serum Hcy on patient motor and cognitive performances.

2. Methods
2.1. Participants. Two-hundred and ﬁve home-based PwP
(128 males and 77 females) and 78 (31 males and 47 females)
aged-matched healthy controls were sequentially recruited
from Movement Disorders Clinics at the Perron Institute for
Neurological and Translational Science (Perth, Australia), St.
Vincent’s Hospital (Melbourne, Victoria), and Royal North
Shore Hospital (Sydney, New South Wales), between 2012
and 2015. All PwP were examined by a movement disorder
neurologist prior to inclusion in the study for veriﬁcation of
the diagnosis in accordance with the UK Brain Bank criteria
for idiopathic PD [31]. This study was approved by a Human
Research and Ethics Committee (Approval number 2006/
073), and written informed consent was obtained from all
participants, in accordance with the National Health and
Medical Research Council guidelines.
2.2. Clinical Assessments of PwP. Clinical evaluations included collection of patient demographic variables and
medication dosage, assessments of motor and cognitive
function, and other disease-related features (Table 1). All PD
medications were converted to a total levodopa equivalent
dose (LED), based on a previously reported conversion
equation [32, 33]. Motor symptoms were evaluated in the
“ON” state using the Movement Disorder Society-Uniﬁed
Parkinson’s Disease Rating Scale (MDS-UPDRS) Part III
and Hoehn and Yahr (H&Y) Scale [34]. In addition, each
participant was evaluated by a clinical psychologist and
completed a panel of neuropsychological assessments, as
previously described [35]. Global and domain cognitive
function was assessed using the revised “Addenbrooke”s
Cognitive Examination’ (ACE-R) [36, 37].
2.3. Serum Analysis. Fasted patient and healthy volunteer
control blood samples were collected prior to clinical or
psychological assessments. For blood collection, 10 ml of
whole blood was taken from a median cubital vein and
stored in a standard BD EDTA vacutainer (Becton
Dickinson and Company, Franklin Lakes, N.J.). Serum Hcy,
vitamin B12, and folate were recorded for analysis in this
study.

®

2.4. Statistical Methods. Data were analysed using IBMSPSS (v. 24, IBM Corporation). Where appropriate, univariate regression analysis or Mann–Whitney U-test was
performed to identify diﬀerences between patient and
control serum markers. Cohen’s d ESs were calculated for
the mean diﬀerences, with an ES of 0.20 considered small,
0.50 medium, and 0.80 large. Spearman Rho correlation
coeﬃcients were used to assess the relationship between
serum Hcy level and continuous patient-related variables,
with values of r � 0.10 considered small, 0.30 medium, and
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Table 1: Baseline clinical characteristics of the PD cohort (n � 205)
used in this study.
Clinical characteristics
Gender
Male
Female
Age (years)
Disease duration (years)
LED (mg/day)
Deep brain stimulation
Yes
No
MDS-UPDRS III score
H&Y score
Total ACE-R score
Homocysteine (µmol/L)
Vitamin B12 (pmol/L)
Serum folate (nmol/L)

Mean (SD) or n (%)
128 (62.43%)
77 (37.56%)
64.0 (9.38)
8.9 (5.80)
888.6 (587.9)
37 (18.05%)
168 (91.95%)
19.56 (13.15)
1.69 (0.92; IQR � 1)
85.72 (12.65)
11.55 (4.06)
331.87 (184.54)
31.59 (8.40)

0.50 large. Generalised linear models (GLM) were used to
investigate outcome measures, such as motor severity and
cognitive score, with serum Hcy as an independent variable. GLMs were used to analyse the relationship between
variables identiﬁed as being signiﬁcant in the univariate
models, the motor symptoms assessed in the MDS-UPDRS
part III examination, and the cognitive score assessed in the
ACE-R. Variables proposed to be risk factors for the development of high serum Hcy levels in PD were also included in the GLMs. Variables included in the GLMs were
as follows: age at assessment, LED, DBS history, and disease
duration. A signiﬁcant nominal p value of ≤ 0.05 was
employed.

3. Results
3.1. Homocysteine Levels Are Elevated in Males and Patients
with PD. Overall, the distribution of Hcy levels diﬀered in
males and females, with the average serum level in males
being higher in both patient and control samples
(Figure 1(a)). Mean comparisons revealed signiﬁcant differences in serum Hcy in males and females with PD
(Figure 1(b); p < 0.001 and p � 0.009, respectively;
d � 0.629). Furthermore, mean comparisons revealed signiﬁcant diﬀerences in serum vitamin B12 in males with PD
(Table 2, p < 0.001), but the same could not be said for
females with PD (Table 2, p � 0.163). Such diﬀerences occurred independently of any signiﬁcant changes between
serum folate (p � 0.133) or vitamin B12 levels (p � 0.054).
3.2. Gender-Speciﬁc Correlations with Hcy Levels in PwP.
Given the observed gender diﬀerences, male and female
PwPs were analysed separately. Spearman’s rho analysis
revealed a signiﬁcant positive correlation between patient
age and Hcy level in both males (rs � 0.163, p � 0.037) and
females (rs � 0.366, p < 0.001). In addition, LED (rs � 0.278,
p � 0.001) and disease duration (rs � 0.230, p � 0.008) were
signiﬁcantly correlated with Hcy levels in male patients, but
not in female patients.

In male patients, a signiﬁcant positive correlation between Hcy levels and MDS-UPDRS III (rs � 0.319, p < 0.001)
was observed. In contrast, there was no signiﬁcant association between Hcy levels and MDS-UPDRS III scores in
females (Table 3). Conversely, in female patients, Hcy levels
were signiﬁcantly inversely correlated with cognitive scores,
as indicated by the ACE-R total score (rs � −0.449,
p < 0.001), whereas there was no association between Hcy
levels and cognitive scores in male PD patients (Table 3).
3.3. Elevated Homocysteine Levels Signiﬁcantly Associate with
MDS-UPDRS III Scores in Males. To determine if Hcy levels
were predictive of motor symptom severity, multivariate
general linear models (GLMs) were used. Identiﬁed correlates of Hcy levels, such as age at assessment, disease duration, and LED, were included in ﬁnal models. When
controlling for these variables, serum Hcy levels were predictive of elevated MDS-UPDRS III scores in males
(p � 0.004; Table 4). Speciﬁcally, for each additional micromole per litre unit (µmol/L) of serum Hcy, male patients
were predicted to score 0.77 points higher on the MDSUPDRS III. However, serum Hcy levels did not signiﬁcantly
associate with MDS-UPDRS III scores in females, with females only predicting to score 0.375 points higher on the
MDS-UPDRS III for every µmol/L of serum Hcy. Final GLM
models indicate that when controlling for potential covariates, Hcy levels are signiﬁcant predictors of motor
outcome/severity scores in males, but not females.
3.4. Elevated Homocysteine Levels Signiﬁcantly Associate with
ACE-R Cognitive Score in Females. When controlling for
disease duration, age at assessment and LED, serum Hcy was
predictive of total ACE-R score (p � 0.021; Table 5). Speciﬁcally, for each additional µmol/L of serum Hcy, female
patients were predicted to score 0.47 points lower on the
ACE-R assessment. However, the same could not be said for
male participants, who only saw a 0.016-point decrease for
total ACE-R scores, which is approximately 90% less of a
change than seen in females. Final GLM models indicate that
when controlling for potential covariates, elevated Hcy levels
are a signiﬁcant correlate of decreased cognitive function in
females, but not males.

4. Discussion
Elevated serum Hcy is reported as a risk factor for stroke and
other cardiovascular disorders [16–18], with mixed ﬁndings
in PD [38]. In the present study, we report that gender plays
a signiﬁcant role in determining the eﬀects of Hcy as a
predictor for motor and cognitive outcome measurements in
PD. Speciﬁcally, it appears that female patients have an
inverse association between serum Hcy and cognitive
functioning, whereas male patients have an inverse association between serum Hcy and motor ability.
Although the evidence is somewhat inconsistent, gender
diﬀerences in serum Hcy have been documented in PD, as
well as other disorders [39]. For instance, Wang et al. [40]
found that females with cardiovascular diseases or acute
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Figure 1: Comparison of serum Hcy levels in PwP and healthy, age-matched controls. Average levels of Hcy were significantly higher in
males than females (a). Levels of serum Hcy were significantly higher in PwP compared to healthy controls, in both males and females (b).
Data are presented as mean ± SEM. ∗ p < 0.05; ∗∗ p < 0.005; ∗∗∗ p < 0.001.
Table 2: Serum markers divided according to gender.

Variable
Homocysteine (µmol/L)
Male
Female
Vitamin B12 (pmol/L)
Male
Female
Serum folate (nmol/L)
Male
Female

Mean (SD)
Control

PD

Significance (p value; Cohen’s d)

10.36 (3.42)
8.39 (2.39)

12.23 (4.08)
10.76 (5.58)

311.01 (113.36)
350.26 (110.70)

294.71 (142.56)
394.61 (223.40)

p < 0.001; d  0.49
p  0.009; d  0.55

29.18 (8.12)
30.29 (7.36)

31.19 (8.66)
31.57 (8.27)

Table 3: Spearman’s (rho) correlation analysis between Hcy levels
and disease-related variables in males and females with PD.
Variable
Age
Disease duration
Total levodopa equivalent
MDS-UPDRS III
Total ACE-R

Male PwP
(n  128)
rs
p value
0.163
0.037
0.230
0.008
0.278
0.001
0.319
<0.001
−0.082
0.358

Female PwP
(n  77)
rs
p value
0.366
<0.001
0.080
0.484
0.211
0.062
0.197
0.083
−0.449 <0.001

pancreatitis had normal Hcy levels (5–15 μmol/L), whereas
their male counterparts averaged Hcy levels 5 μmol/L higher
[40]. The current study produced similar findings, whereby
male participants, regardless of disease severity, had significantly higher Hcy levels than their female counterparts
(p < 0.001; d  0.450). The observed gender differences in
serum Hcy may be explained by a variety of factors, including the effects of sex hormones during and postmenopause in women, larger muscle mass in men, and
lifestyle factors such as diet and smoking [40–43]. In recent

p < 0.001; d  0.13
p  0.163; d  0.25

p  0.557; d  0.24
p  0.769; d  0.16

Table 4: Final multivariate model parameter estimates: predictors
of UPDRS III score, when separated by gender.
Gender

Female

Male

Variable
Intercept
Disease duration
Age at assessment
Total levodopa
equivalent
Hcy
Intercept
Disease duration
Age at assessment
Total levodopa
equivalent
Hcy

β
Std.
Significance
coefficient error
−19.934 11.910
0.094
0.103
0.292
0.724
0.432
0.196
0.027
0.005

0.003

0.081

0.375
−15.341
0.719
0.354

0.274
7.106
0.186
0.105

0.170
0.031
<0.001
0.001

−0.002

0.002

0.370

0.264

0.004

0.766

studies, serum Hcy levels in males and females have been
compared throughout different stages of life, with findings
suggesting that circulating sex steroids are a crucial contributor to gender differences in serum Hcy [43–46].
However, along with previous studies, this study indicated
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Table 5: Final multivariate model parameter estimates: predictors
of ACE-R score, when separated by gender.
Gender

Female

Male

Variable
Intercept
Disease duration
Age at assessment
Total levodopa
equivalent
Hcy
Intercept
Disease duration
Age at assessment
Total levodopa
equivalent
Hcy

β
coeﬃcient
95.513
−0.437
0.029

Std.
error
8.946
0.218
0.148

−0.001

0.002

0.530

−0.473
105.810
−0.366
−0.249

0.204
7.930
0.208
0.116

0.021
0.000
0.078
0.033

−0.002

0.002

0.312

0.016

0.293

0.955

Signiﬁcance
0.000
0.045
0.847

that gender diﬀerences in serum Hcy exist, even when
controlling for confounding variables.
Following gender separation, a signiﬁcant positive
correlation between patient age and Hcy was observed in
both males and female PwP (rs � 0.163, p � 0.037; rs � 0.366,
p < 0.001, respectively). Serum Hcy levels are known to
increase with age, which may be due to age-related impairment of associated enzymes and renal function [47]. In
addition, the previous literature suggests that Hcy level is
associated with levodopa usage, which routinely increases
with disease duration. In the current cohort, LED (rs � 0.278,
p � 0.001) and disease duration (rs � 0.230, p � 0.008) were
signiﬁcantly correlated with serum Hcy levels in male patients; however, this association was not observed in female
patients. It also appeared that serum Hcy levels in male
patients were predictive of worsening motor symptoms, with
increases of 0.77 points on the MDS-UPDRS III for each
additional 1 µmol/L of serum Hcy. Previous studies have also
suggested an association between increasing Hcy and occurrence of dyskinesias, a phenomenon which is thought to
occur due to a disruption in striatal activity homeostasis
[48]. Further, several studies have supported the notion that
HHcy is predictive of deteriorating mobility and physical
performances, indicated by poorer gait, and balance [49].
In addition to motor impairment, elevated serum Hcy
levels have also been associated with cognitive impairment
in Alzheimer’s disease and vascular dementia [9, 19], as well
as in PwP [28, 48]. Recent reports have suggested that elevated levels of Hcy stimulate oxidative injury in these
cognitive disorders and may lead to neuroinﬂammation as a
result of a burdened cerebrovascular system and damaged
neuronal and vascular endothelial cells [9, 11, 15, 26, 38, 50].
While some research has reported no such association
[24, 30], more recent studies have found that HHcy is
implicated in aspects of cognitive dysfunction and have
suggested a relationship with cognitive impairment in PwP
[26,51–53]. Accordingly, the present study showed serum
Hcy correlated with gender-speciﬁc impairment of cognition in female PwP. When controlling for confounding
variables, it was found that serum Hcy was predictive of total
ACE-R score, a signiﬁcant ﬁnding only observed in female

participants. These ﬁndings further support the notion that
elevated Hcy levels do have a signiﬁcant association with
cognitive impairment but that this is gender-speciﬁc.
Findings from the present study emphasise that elevated
Hcy levels correlate diﬀerentially with motor and cognitive
measures in male and female PD patients, with increased
Hcy being associated with worsening motor symptoms in
males and poorer cognitive performance in females. Prior
studies have found gender associations between the Hcyrelated MTHFR polymorphism [23], environmental factors,
and the impact that elevated Hcy has on various disease
states and outcomes [39, 54, 55]. However, Christine et al.[2]
recently reported that low levels of vitamin B12 were predictive of worsening motor outcome scores in PwP and that
elevated Hcy was predictive of a greater cognitive decline. A
large proportion of literature suggests that serum vitamin
B12 concentrations are generally lower in men compared to
women, thereby providing a potential mechanism whereby
male patients are more susceptible to displaying motor
impairment [56, 57]. In this study, both male patients and
controls had a noticeably lower vitamin B12 level than
women, although not to statistically signiﬁcant levels
(p � 0.054). However, there was a signiﬁcant diﬀerence in
serum vitamin B12 in males with PD (Table 2, p < 0.001) but
not in females with PD (Table 2, p � 0.163), compared to
healthy controls. This ﬁnding partially lends support to the
notion that Christine et al.[2] reported low levels of vitamin
B12 may be predictive of greater motor impairment and that
elevated Hcy may be predictive of impaired cognitive
function. Our study subsequently suggests that there may be
a complex interplay between serum vitamin deﬁciencies and
gender in determining the inﬂuence of elevated Hcy on the
clinical phenotype of PD. However, it is also known that
genetic variants may too inﬂuence phenotype variability
within PD [23, 24, 58]. To our knowledge, there are no
ﬁndings that report a mechanism by which female participants are more susceptible to cognitive impairments as a
result of elevated Hcy, and none that explain why males with
PD may be more prone to manifest movement diﬃculties
rather than cognitive dysfunction.

5. Limitations
A number of limitations of the current study must be noted.
To overcome possible selection bias, home-based PwPs were
recruited sequentially from movement disorder clinics
across Australia but did not include patients with more
advanced PD who were no longer independent. As the study
was cross-sectional in nature, we did not monitor changes in
homocysteine levels over the course of the disease. As such,
longitudinal studies are needed to explore the alterations of
this serum biomarker during the disease progression in PD.
Further, as the ACE-R does not include tests of executive
function [36], our ﬁndings need to be conﬁrmed using more
comprehensive cognitive test protocols. Lastly, there are
other known parameters that are related to Hcy levels, such
as cerebrovascular disease burden, that were not able to be
evaluated in this study. Therefore, future studies may
consider examining these factors, which could potentially
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aﬀect motor and cognitive scores in PD due to the impact
that they have on serum Hcy levels.

6. Conclusions
The ﬁndings in this PD cohort indicate that elevated serum
Hcy levels are diﬀerentially associated with motor and
cognitive performance in male and female patients. After
controlling for other variables, higher serum Hcy levels were
predictive of more severe motor disability in males, whereas
in females, higher levels were associated with poorer cognitive function and there was no association with motor
status. We believe that this ﬁnding of a gender eﬀect may
help to explain previous discrepancies in the literature
surrounding the utility of Hcy as a biomarker in PD. It is
unclear whether HHcy plays a pathophysiological role in
PD, or whether it is rather a surrogate marker of the underlying neurodegenerative process [50]. Nevertheless, the
gender-speciﬁc diﬀerences found in the present study
warrant further consideration in future larger studies in PD.

Data Availability
The data used to support the ﬁndings of this study are included within the article.

Conflicts of Interest
The authors declare that they have no conﬂicts of interest
regarding the publication of this article.

Acknowledgments
This study was supported by the Federal Cooperative Research Centre for Mental Health, the Perron Institute for
Neurological and Translational Science, and the University
of Notre Dame Australia. This research was carried out while
MCB was in receipt of a Richard Walter Gibbon Medical
Research Scholarship and an Australian Government Research Training Program Scholarship at the University of
Western Australia.

Supplementary Materials
Supplementary Table 1. demographic variable comparisons
between gender. (Supplementary Materials)

References
[1] N. I. Triantafyllou, C. Nikolaou, F. Bouﬁdou et al., “Folate and
vitamin B12 levels in levodopa-treated Parkinson’s disease
patients: their relationship to clinical manifestations, mood
and cognition,” Parkinsonism & Related Disorders, vol. 14,
no. 4, pp. 321–325, 2008.
[2] C. W. Christine, P. Auinger, A. Joslin, Y. Yelpaala, and
R. Green, “Vitamin B12 and homocysteine levels predict
diﬀerent outcomes in early Parkinson’s disease,” Movement
Disorders, vol. 33, no. 5, pp. 762–770, 2018.
[3] H. M. Lee and S.-B. Koh, “Many faces of Parkinson’s disease:
non-motor symptoms of Parkinson’s disease,” Journal of
Movement Disorders, vol. 8, no. 2, pp. 92–97, 2015.

Parkinson’s Disease
[4] J. D. Finkelstein and J. J. Martin, “Methionine metabolism in
mammals. Distribution of homocysteine between competing
pathways,” Journal of Biological Chemistry, vol. 259, no. 15,
pp. 9508–9513, 1984.
[5] I.-U. Song, J.-S. Kim, I.-S. Park et al., “Clinical signiﬁcance of
homocysteine (hcy) on dementia in Parkinson’s disease
(PD),” Archives of Gerontology and Geriatrics, vol. 57, no. 3,
pp. 288–291, 2013.
[6] R. Ansari, A. Mahta, E. Mallack, and J. J. Luo, “Hyperhomocysteinemia and neurologic disorders: a review,” Journal
of Clinical Neurology, vol. 10, no. 4, pp. 281–288, 2014.
[7] P. Ganguly and S. F. Alam, “Role of homocysteine in the
development of cardiovascular disease,” Nutrition Journal,
vol. 14, no. 1, p. 6, 2015.
[8] H. Refsum, E. Nurk, A. D. Smith et al., “The Hordaland
homocysteine study: a community-based study of homocysteine, its determinants, and associations with disease,”
Journal of Nutrition, vol. 136, no. 6, pp. 1731–1740, 2006.
[9] B. Hooshmand, F. Mangialasche, G. Kalpouzos et al., “Association of vitamin B12, folate, and sulfur amino acids with
brain magnetic resonance imaging measures in older adults,”
JAMA Psychiatry, vol. 73, no. 6, pp. 606–613, 2016.
[10] J. Kalita and U. K. Misra, “Beneﬁt of vitamin B-12 supplementation in asymptomatic elderly: a matter of endpoints,”
American Journal of Clinical Nutrition, vol. 102, no. 3,
pp. 529-530, 2015.
[11] F. De Lazzari, L. Bubacco, A. J. Whitworth, and M. Bisaglia,
“Superoxide radical dismutation as new therapeutic strategy
in Parkinson’s disease,” Aging and Disease, vol. 9, no. 4,
pp. 716–728, 2018.
[12] M. Sharma, M. Tiwari, and R. K. Tiwari, “Hyperhomocysteinemia: impact on neurodegenerative diseases,”
Basic & Clinical Pharmacology & Toxicology, vol. 117, no. 5,
pp. 287–296, 2015.
[13] H. Skovierova, E. Vidomanova, S. Mahmood et al., “The
molecular and cellular eﬀect of homocysteine metabolism
imbalance on human Health,” International Journal of Molecular Sciences, vol. 17, no. 10, p. 1733, 2016.
[14] S. Zhang, Y. Y. Bai, L. M. Luo, W. K. Xiao, H. M. Wu, and
P. Ye, “Association between serum homocysteine and arterial
stiﬀness in elderly: a community-based study,” Journal of
Geriatric Cardiology, vol. 11, no. 1, pp. 32–38, 2014.
[15] J. Zou, Z. Chen, C. Liang et al., “Trefoil factor 3, cholinesterase
and homocysteine: potential predictors for Parkinson’s disease dementia and vascular parkinsonism dementia in advanced stage,” Aging and Disease, vol. 9, no. 1, pp. 51–65, 2018.
[16] R. Clarke, L. Daly, K. Robinson et al., “Hyperhomocysteinemia: an independent risk factor for vascular
disease,” New England Journal of Medicine, vol. 324, no. 17,
pp. 1149–1155, 1991.
[17] B. Jiang, Y. Chen, G. Yao et al., “Eﬀects of diﬀerences in serum
total homocysteine, folate, and vitamin B12 on cognitive
impairment in stroke patients,” BMC Neurology, vol. 14, no. 1,
p. 217, 2014.
[18] N. K. Kim, B. O. Choi, W. S. Jung, Y. J. Choi, and K. G. Choi,
“Hyperhomocysteinemia as an independent risk factor for
silent brain infarction,” Neurology, vol. 61, no. 11, pp. 1595–
1599, 2003.
[19] R. Clarke, A. D. Smith, K. A. Jobst, H. Refsum, L. Sutton, and
P. M. Ueland, “Folate, vitamin B12, and serum total homocysteine levels in conﬁrmed Alzheimer disease,” Archives of
Neurology, vol. 55, no. 11, pp. 1449–1455, 1998.
[20] T. Müller, C. Jugel, R. Ehret et al., “Elevation of total
homocysteine levels in patients with Parkinson’s disease

Parkinson’s Disease

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

treated with duodenal levodopa/carbidopa gel,” Journal of
Neural Transmission, vol. 118, no. 9, pp. 1329–1333, 2011.
C. Toth, K. Breithaupt, S. Ge et al., “Levodopa, methylmalonic
acid, and neuropathy in idiopathic Parkinson disease,” Annals
of Neurology, vol. 68, no. 1, pp. 28–36, 2010.
O. O. Ojo, O. O. Oladipo, F. I. Ojini, E. O. Sanya,
M. A. Danesi, and N. U. Okubadejo, “Plasma homocysteine
level and its relationship to clinical proﬁle in Parkinson’s
disease patients at the Lagos University Teaching Hospital,”
West African Journal of Medicine, vol. 30, no. 5, pp. 319–324,
2011.
D. Religa, K. Czyzewski, M. Styczynska et al., “Hyperhomocysteinemia and methylenetetrahydrofolate reductase
polymorphism in patients with Parkinson’s disease,” Neuroscience Letters, vol. 404, no. 1-2, pp. 56–60, 2006.
M. C. Rodriguez-Oroz, P. M. Lage, J. Sanchez-Mut et al.,
“Homocysteine and cognitive impairment in Parkinson’s
disease: a biochemical, neuroimaging, and genetic study,”
Movement Disorders, vol. 24, no. 10, pp. 1437–1444, 2009.
Z. Wei, W. Tiandong, L. Yang et al., “Parkinson’s disease and
homocysteine: a community-based study in a folate and vitamin B12 deﬁcient population,” Parkinson’s Disease,
vol. 2016, Article ID 9539836, 6 pages, 2016.
Y. Xie, H. Feng, S. Peng, J. Xiao, and J. Zhang, “Association of
plasma homocysteine, vitamin B12 and folate levels with
cognitive function in Parkinson’s disease: a meta-analysis,”
Neuroscience Letters, vol. 636, pp. 190–195, 2017.
F. Ozer, H. Meral, L. Hanoglu et al., “Plasma homocysteine
levels in patients treated with levodopa: motor and cognitive
associations,” Neurological Research, vol. 28, no. 8, pp. 853–
858, 2006.
N. D. Prins, T. den Heijer, A. Hofman et al., “Homocysteine
and cognitive function in the elderly: the rotterdam scan
study,” Neurology, vol. 59, no. 9, pp. 1375–1380, 2002.
L. Ray, V. K. Khemka, P. Behera et al., “Serum homocysteine,
dehydroepiandrosterone sulphate and lipoprotein (a) in
alzheimer’s disease and vascular dementia,” Aging and Disease, vol. 4, no. 2, pp. 57–64, 2013.
R. M. Camicioli, T. P. Bouchard, and M. J. Somerville,
“Homocysteine is not associated with global motor or cognitive measures in nondemented older Parkinson’s disease
patients,” Movement Disorders, vol. 24, no. 2, pp. 176–182,
2009.
A. J. Hughes, S. E. Daniel, L. Kilford, and A. J. Lees, “Accuracy
of clinical diagnosis of idiopathic Parkinson’s disease: a
clinico-pathological study of 100 cases,” Journal of Neurology,
Neurosurgery & Psychiatry, vol. 55, no. 3, pp. 181–184, 1992.
S. G. Parkin, R. P. Gregory, R. Scott et al., “Unilateral and
bilateral pallidotomy for idiopathic Parkinson’s disease: a case
series of 115 patients,” Movement Disorders, vol. 17, no. 4,
pp. 682–692, 2002.
C. L. Tomlinson, R. Stowe, S. Patel, C. Rick, R. Gray, and
C. E. Clarke, “Systematic review of levodopa dose equivalency
reporting in Parkinson’s disease,” Movement Disorders,
vol. 25, no. 15, pp. 2649–2653, 2010.
C. G. Goetz, S. Fahn, P. Martinez-Martin et al., “Movement
disorder society-sponsored revision of the uniﬁed Parkinson’s
disease rating Scale (MDS-UPDRS): process, format, and
clinimetric testing plan,” Movement Disorders, vol. 22, no. 1,
pp. 41–47, 2007.
T. Evans, A. Jeﬀerson, M. Byrnes et al., “Extended “Timed up
and go” assessment as a clinical indicator of cognitive state in
Parkinson’s disease,” Journal of Neurological Sciences, vol. 375,
pp. 86–91, 2017.

7
[36] M. Bakeberg, M. Riley, M. Byrnes, F. L. Mastaglia, and
R. S. Anderton, “Clinically assessing cognitive function in
Parkinson’s disease,” in The Neuroscience of Parkinson’s
Disease: Genetics, Neurology, Behavior, and Diet, C. Martin
and V. Preedy, Eds., In press.
[37] E. Mioshi, K. Dawson, J. Mitchell, R. Arnold, and J. R. Hodges,
“The addenbrooke’s cognitive examination revised (ACE-R):
a brief cognitive test battery for dementia screening,” International Journal of Geriatric Psychiatry, vol. 21, no. 11,
pp. 1078–1085, 2006.
[38] R. Obeid and W. Herrmann, “Mechanisms of homocysteine
neurotoxicity in neurodegenerative diseases with special
reference to dementia,” FEBS Letters, vol. 580, no. 13,
pp. 2994–3005, 2006.
[39] C. Cao, J. Hu, Y. Dong et al., “Gender diﬀerences in the risk
factors for endothelial dysfunction in Chinese hypertensive
patients: homocysteine is an independent risk factor in females,” PLoS One, vol. 10, no. 2, Article ID e0118686, 2015.
[40] A. Wang, M. Zhang, C. Wang, and Q. Li, “Gender: a primary
homocysteine level-eﬀecting factor for patients suﬀering
homocysteine-related diseases,” Biomedical Research, vol. 28,
no. 1, pp. 353–356, 2017.
[41] L. Brattström, A. Lindgren, B. Israelsson, A. Andersson, and
B. Hultberg, “Homocysteine and cysteine: determinants of
plasma levels in middle-aged and elderly subjects,” Journal of
Internal Medicine, vol. 236, no. 6, pp. 633–641, 1994.
[42] S. H. Mudd and J. R. Poole, “Labile methyl balances for
normal humans on various dietary regimens,” Metabolism,
vol. 24, no. 6, pp. 721–735, 1975.
[43] S. Naik, C. Joglekar, D. Bhat et al., “Marked gender diﬀerence
in plasma total homocysteine concentrations in Indian adults
with low vitamin B12,” International Journal for Vitamin and
Nutrition Research, vol. 81, no. 5, pp. 306–316, 2011.
[44] C. J. Bates, M. A. Mansoor, J. Gregory, K. Pentieva, and
A. Prentice, “Correlates of plasma homocysteine, cysteine and
cysteinyl-glycine in respondents in the British National Diet
and Nutrition Survey of young people aged 4–18 years, and a
comparison with the survey of people aged 65 years and over,”
British Journal of Nutrition, vol. 87, no. 1, pp. 71–79, 2002.
[45] G. Hay, T. Clausen, A. Whitelaw et al., “Maternal folate and
cobalamin status predicts vitamin status in newborns and 6month-old infants,” Journal of Nutrition, vol. 140, no. 3,
pp. 557–564, 2010.
[46] M. S. Morris, P. F. Jacques, J. Selhub, and I. H. Rosenberg,
“Total homocysteine and estrogen status indicators in the
third national Health and nutrition examination survey,”
American Journal of Epidemiology, vol. 152, no. 2, pp. 140–
148, 2000.
[47] P. Ventura, R. Panini, C. Verlato, G. Scarpetta, and G. Salvioli,
“Hyperhomocysteinemia and related factors in 600 hospitalized elderly subjects,” Metabolism, vol. 50, no. 12,
pp. 1466–1471, 2001.
[48] B. Kocer, H. Guven, I. Conkbayir, S. S. Comoglu, and
S. Delibas, “The eﬀect of hyperhomocysteinemia on motor
symptoms, cognitive status, and vascular risk in patients with
Parkinson’s disease,” Parkinson’s Disease, vol. 2016, Article ID
1589747, 7 pages, 2016.
[49] D. M. Kado, A. Bucur, J. Selhub, J. W. Rowe, and T. Seeman,
“Homocysteine levels and decline in physical function:
macarthur studies of successful aging,” American Journal of
Medicine, vol. 113, no. 7, pp. 537–542, 2002.
[50] S. Seshadri, “Elevated plasma homocysteine levels: risk factor
or risk marker for the development of dementia and

8

[51]
[52]

[53]

[54]
[55]

[56]

[57]
[58]

Parkinson’s Disease
Alzheimer’s disease?,” Journal of Alzheimer’s Disease, vol. 9,
no. 4, pp. 393–398, 2006.
N. Licking, C. Murchison, B. Cholerton et al., “Homocysteine
and cognitive function in Parkinson’s disease,” Parkinsonism
& Related Disorders, vol. 44, pp. 1–5, 2017.
S. Zoccolella, C. dell’Aquila, G. Abruzzese et al., “Hyperhomocysteinemia in levodopa-treated patients with Parkinson’s disease dementia,” Movement Disorders, vol. 24, no. 7,
pp. 1028–1033, 2009.
S. Zoccolella, C. dell’Aquila, L. Specchio, G. Logroscino, and
P. Lamberti, “Elevated homocysteine levels in Parkinsons
disease: is there anything besides L-dopa treatment?,” Current
Medicinal Chemistry, vol. 17, no. 3, pp. 213–221, 2010.
L. Hao, J. Ma, M. J. Stampfer et al., “Geographical, seasonal
and gender diﬀerences in folate status among Chinese adults,”
Journal of Nutrition, vol. 133, no. 11, pp. 3630–3635, 2003.
A. Sazci, M. D. Ozel, E. Emel, and H. A. Idrisoglu, “Genderspeciﬁc association of methylenetetrahydrofolate reductase
gene polymorphisms with sporadic amyotrophic lateral
sclerosis,” Genetic Testing and Molecular Biomarkers, vol. 16,
no. 7, pp. 716–721, 2012.
H. J. Kim, M. K. Kim, J. U. Kim, H. Y. Ha, and B. Y. Choi,
“Major determinants of serum homocysteine concentrations
in a Korean population,” Journal of Korean Medical Science,
vol. 25, no. 4, pp. 509–516, 2010.
S. Loikas, P. Koskinen, K. Irjala et al., “Vitamin B12 deﬁciency
in the aged: a population-based study,” Age and Ageing,
vol. 36, no. 2, pp. 177–183, 2007.
T. Shen, Y. You, C. Joseph et al., “BDNF polymorphism: a
review of its diagnostic and clinical relevance in neurodegenerative disorders,” Aging and Disease, vol. 9, no. 3,
pp. 523–536, 2018.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

