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Evidence that folic acid deficiency is a major
determinant of hyperhomocysteinemia in Parkinson´s
disease
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Abstract In the present work we measured blood levels of total homocysteine (tHcy),
vitamin B12 and folic acid in patients with Parkinson´s disease (PD) and in
age-matched controls and searched for possible associations between these levels
with smoking, alcohol consumption, L-DOPA treatment and disease duration in PD
patients. We initially observed that plasma tHcy levels were increased by around 30 %
in patients affected by PD compared to controls. Linear correlation, multiple
regression and comparative analyses revealed that the major determinant of the
increased plasma concentrations of tHcy in PD patients was folic acid deficiency,
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whereas in controls tHcy levels were mainly determined by plasma vitamin B12

concentrations. We also observed that alcohol consumption, gender and L-DOPA
treatment did not significantly alter plasma tHcy, folic acid and vitamin B12 levels in
parkinsonians. Furthermore, disease duration was positively associated with tHcy
levels and smoking was linked with a deficit of folic acid in PD patients. Considering
the potential synergistic deleterious effects of Hcy increase and folate deficiency on
the central nervous system, we postulate that folic acid should be supplemented to
patients affected by PD in order to normalize blood Hcy and folate levels, therefore
potentially avoiding these risk factors for neurologic deterioration in this disorder.
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Introduction

Parkinson´s disease (PD) is one of the most common neurodegenerative disorders. It
is characterized by progressive loss of dopaminergic neurons in the substancia nigra.
Cognitive deterioration is found in approximately one-firth of individuals affected by
PD who progressively develop dementia (Aarsland et al. 2001). However, the
pathogenesis and the variability of the motor and cognitive deterioration are still
unknown and there is a need to define the modifiable risk factors to prevent the
progression of this disease and their evolution to neurodegeneration.

However, although the exact causes of PD are not fully established, genetic and
environmental factors leading to oxidative stress, mitochondrial dysfunction and
apoptosis have been associated with its pathogenesis (Jenner and Olanow 1996; de
Rijk et al. 1997; Langston 1998; Duan and Mattson 1999; Taylor et al. 1999; Jenner
1998; Silva et al. 2000; Tatton 2000; Lau et al. 2005; Hancock et al. 2007).

A few studies have demonstrated that homocysteine (Hcy) levels are increased in blood
of PD patients and some investigators emphasized the role of levodopa (L-DOPA), the
mainstay of the therapy for PD patients, causing hyperhomocysteinemia in these patients
(Kuhn et al. 1998; Yasui et al. 2000; Rogers et al. 2003; Isobe et al. 2005). In contrast,
other studies did not confirm this association (Todorovic et al. 2006). Hcy is an amino
acid arising from methylation of methionine that does not participate in protein
synthesis. Recently, it has received especial attention because of its association with
pathogenesis of various cerebrovascular, cardiovascular and neurological disorders,
including Alzheimer´s disease and PD (Clarke et al. 1998; Kuhn et al. 1998; Hankey
and Eikelboom 1999; Muller et al. 1999; Diaz-Arrastia 2000; O’ Suilleabhain et al.
2004).

The major causes of hyperhomocysteinemia in the general population are
deficiencies of folic acid, vitamin B12, and vitamin B6 that are necessary for Hcy
metabolism (Jacques et al. 2001; de Bree et al. 2002; Castro et al. 2006; Selhub
2006). Furthermore, deficiencies of folic acid and vitamin B12 are associated with
degeneration of neurons (Scott et al. 1981; Bottiglieri 1996) and lead to increased
Hcy blood levels, which may induce neurotoxic effects through oxidative stress and
excitotoxicity (Sachdev 2005; Obeid and Herrman 2006). On the other hand, clinical
studies have demonstrated that plasma Hcy levels are positively correlated with
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alcohol levels (Bleich et al. 2000). Hcy rise may result from reduced activity of the
enzyme methionine synthase caused by acetaldehyde, a by-product of ethanol
(Barack et al. 2001). Smoking has been also associated with high levels of Hcy, but
this is still on debate (Jacques et al. 2001; Quik 2004; Siniscalchi et al. 2006).

Given the inconsistencies across the literature on the relevance of possible factors
inducing Hcy increase in blood of PD patients (Jacques et al. 2001; Kuhn et al.
2001; Quik 2004; Siniscalchi et al. 2006; Todorovic et al. 2006), the initial objective
of the present investigation was to compare Hcy levels in blood of PD patients with
those of age-matched healthy subjects. We also searched for the interplay between
Hcy, folic acid and vitamin B12 levels with smoking, alcohol intake, L-DOPA
treatment and disease duration in PD patients in order to clarify the major
determinant factors of blood Hcy levels.

Material and methods

Fifty PD patients under L-DOPA treatment and 19 with distinct therapy, as well as
52 age-matched healthy individuals were initially recruited from the outpatient
clinics of Hospital de Clínicas de Porto Alegre and Hospital São Lucas. All subjects
gave their consent to participate in the study. The Ethics Committee of Hospital de
Clínicas de Porto Alegre approved this investigation. The diagnosis of PD was
established by a neurologist based on the presence of at least two cardinal signs plus
unequivocal response to L-DOPA. Unified Parkinson´s Disease Rating Scale
(UPDRS)-motor score; Hoen and Yahr Straging (HY) and Mini Mental State
Examination were used. We excluded the subjects with conditions that could affect

tHcy levels, such as cancer, renal failure, vascular disease, diabetes mellitus,
hypertension, malnutrition, use of anticonvulsants or antifolate drugs, neurological
and psychiatric diseases other than PD and individuals with clinical signs of
deficiencies of vitamins B6, B12 or folic acid.

L-DOPA was administered to some patients at a daily dose ranging from 250–
1250 mg/day (mean±S.E.M: 683±162 mg/day).

Analyses of total serum level of homocysteine (tHcy), folic acid and vitamin B12 were
performed in all individuals (PD patients and controls). Each participant was fasting and
off medication for at least 6 h. Thus, we avoided influence of acute L-DOPA/
dopaminergic drugs intake.

tHcy levels were estimated by stable isotope dilution and electrospray tandem
mass spectrometry (LC-MS-MS) according to Magera et al. (1999). Briefly, plasma
(100µl) was mixed with 20µl homocystine-d8 (2 nmol). Homocystine-d8 was
reduced to homocysteine-d4 –(Hcy−d4) by the addition of 20µl of 500 mmol/L
dithiotreitol and proteins were precipitated by addition of 200µl of a solution of
1 mL/L formic acid and 0.5 mL/L trifluoroacetic acid in acetonitrile. After
centrifugation, 100µl of the supernatant were transferred to a vial. Calibration curve
was prepared in plasma of known tHcy concentration by the addition of 200µmol/L
working solution corresponding to tHcy concentrations of 0–50µmol/L. A bench top
triple quadrupole mass spectrometer (Quatro LC Micromass) was used and the
analysis was performed in the multiple reaction monitoring mode in which tHcy and
Hcy-d4 were detected through the transition from the precursor to the product ion
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(m/z 136 to m/z 90 and m/z 140 to m/z 94, respectively). The retention time of tHcy
and Hcy-d4 was 5.0 min in a 7.0 min analysis. Plasma reference values ranged from
5 to 15µmol/L.

Serum folic acid levels were determined using the folate assay kit (Folate II) in a
cobas analyser that employs a competitive test principle using natural folate binding
protein (FBP) specific for folate. Folate present in the sample competes with the
added folate (labeled with biotin) for the binding sites on FBP (labeled with
ruthenium complex). Normal ranges were from 3.1 to 17.5 ng/mL.

Vitamin B12 serum levels were measured by using the electrochemiluminescence
immunoassay ECLIA in a cobas analyzer. The assay employs a competitive test
principle using intrinsic factor specific for vitamin B12. Vitamin B12 in the sample
competes with the added vitamin B12 labeled with biotin for the binding sites on the
ruthenium-labeled intrinsic factor complex. Normal values range from 156 to
698 pmol/L.

One-way analysis of variance (ANOVA) with post-hoc Duncan multiple
comparison and two-tailed t-test for unpaired samples were used in analysis of
parametric data and chi-square for nonparametric data. In addition, parametric
Pearson linear correlation and multiple regression analysis were also used to detect
associations between variables. All analyses were performed using the Statistical
Package for the Social Sciences (SPSS) software in a PC-compatible computer.
Significance was considered when P<0.05.

Results

Table 1 shows some characteristics of the PD patients and healthy controls regarding
age, sex, smoking, alcohol consumption and L-DOPA treatment. We observed that

Table 1 Characteristics of control healthy subjects and PD patients

Parameter Control PD patients Probability

N 52 69

Age (years)

Mean±SEM 58.4±1.8 61.6±1.04 bP>0.05

Gender

F/M 39/13 36/33 aP<0.05

Alcohol consumption (%) 26.3 8.16 aP<0.01

Smokers (%) 21.4 14.8

L-DOPA treatment

Yes/No – 50/19

L-DOPA dose (mg/day)

mean±S.E.M (range) – 683±162 (250–1250)

a Significant difference from control (chi square test)
b Significant difference from control (Student´s t- test for unpaired samples)
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there were more males in PD patients than in healthy control subjects (chi square=
6.557, P<0.001) and that alcohol consumption was higher in the control group (chi
square=5.223, P<0.05). In contrast, age and smoking habit did not differ between
controls and PD patients.

We first observed that tHcy levels were significantly higher (30 %) in PD patients
compared to healthy controls (t (78)=2.688; P<0.01] (Fig. 1). Considering that the
percentage of males was higher among PD patients (Table 1), we tested whether sex
influenced plasma tHcy, folic acid and vitamin B12 serum levels in our sample of PD
patients. We found no significant difference between males and females regarding
blood concentrations of tHcy, vitamin B12 and folic acid (Table 2). Next, we verified
that alcohol consumption did not affect tHcy, folic acid or vitamin B12 serum
concentrations in our PD sample (Table 3). However, it can be observed in the tables
that males and PD patients using alcohol tend to have higher plasma levels of tHcy
with no alterations of serum levels of vitamin B12 and folic acid. Taken together, it
was assumed that the increase of plasma tHcy concentrations in our sample of PD
patients could not be mainly attributed to gender or alcohol intake differences
between these patients.

We also investigated whether smoking influenced blood concentrations of tHcy,
vitamin B12 and folic acid in PD patients. We verified that PD smokers presented a
marked reduction of folic acid (t (41)=2.504; P<0.05), as well as a nonsignificant
increase of tHcy (Table 4).

We then examined in more details the influence of folic acid on tHcy levels in PD
patients and controls. For this experiment, we divided patients and controls into two
groups (with serum levels of folic acid below and above13 ng/mL), and then
compared tHcy levels between patients and controls. We observed that PD patients
presented tHcy levels significantly higher than controls when folic acid levels were
below 13 ng/mL (t (40)=2.713; P<0.0001). In contrast, no difference between
plasma tHcy levels in controls and patients occurred when folic acid concentrations

Fig. 1 Comparison between plasma total homocysteine (tHcy) levels of healthy individuals (controls) and
patients with Parkinson´s disease (PD). Vertical bars represent mean ± SEM of 52 to 69 individuals. ** P<0.01,
significantly different from controls (Student´s t test for unpaired samples)
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were higher than 13 ng/mL (Table 5). These data indicate that folic acid deficiency is
associated with the increased levels of tHcy in PD patients.

We also studied the influence of L-DOPA treatment on blood levels of tHcy,
vitamin B12 and folic acid in PD patients. We observed no significant difference
between these levels in L-DOPA-treated and non-treated patients [(Hcy: (t (41)=0.290;
p>0.05); vitamin B12: (t (41)=0.043; p>0.05); folic acid: (t (41)=0.040; p>0.05)]. In
addition, plasma tHcy levels were not significantly correlated with L-DOPA doses [r=
0.108, P>0.05]. In contrast, disease duration was significantly correlated with plasma

tHcy levels [r=0.289; P<0.05], implying that L-DOPA intake for long periods may
induce tHcy increase.

In the next set of the analysis we searched for possible associations between
blood tHcy, vitamin B12 and folic acid levels in PD patients and healthy controls. A
significant inverse correlation between tHcy and folic acid concentrations, but not
with vitamin B12 levels, was observed in PD patients (Fig. 2). Furthermore, controls
presented a significant inverse correlation between tHcy and vitamin B12 (Fig. 3) and
no correlation with folic acid levels.

Finally, in order to better clarify the relative influence of folic acid and vitamin
B12 on tHcy levels in PD patients and controls, we carried out multiple regression

Table 3 Influence of alcohol consumption on blood levels of tHcy, vitamin B12 and folic acid in patients
with Parkinson´s disease

Parameter Alcohol Mean SEM t Probability

tHcy Yes 15.3 0.00 1.039 P>0.05

(μmol/L) No 12.2 0.87

Vitamin B12 Yes 483 93.4 0.361 P>0.05

(pmol/L) No 439 32.4

Folic acid Yes 14.6 2.88 1.018 P>0.05

(ng/mL) No 12.3 0.59

Number of cases varied from 2 to 39 individuals in each group. Alcohol intake occurred when individuals
consumed alcohol in the last 7 days of blood collection. No significant differences between groups (with
or without alcohol use) were detected (Student´s t test for unpaired samples).

Table 2 Influence of sex on blood levels of tHcy, vitamin B12 and folic acid in patients with Parkinson´s
disease

Parameter Sex Mean SEM t Probability

tHcy Male 14.4 1.14 1.635 P>0.05

(μmol/L) Female 11.8 1.09

Vitamin B12 Male 488 63.4 0.348 P>0.05

(pmol/L) Female 462 44.6

Folic acid Male 11.6 0.70 1.324 P>0.05

(ng/mL) Female 12.8 0.61

Number of cases varied from 20 to 32 individuals in each group. No significant differences between
groups (males vs females) were detected (Student´s t test for unpaired samples).
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analysis adjusted for age and gender with tHcy as the dependent variable and folic
acid and vitamin B12 as the independent variables. We observed that tHcy levels
were negatively associated to folic acid levels [β=−0.550; P<0.05], but not with
vitamin B12 levels in PD patients, reinforcing previous findings. In addition, tHcy
levels were negatively associated with vitamin B12 levels (β=−0.428; P<0.05), but
not with folic acid concentrations in controls. Taken together, these data support the
assumption that tHcy levels were mainly determined by folic acid in our sample of
PD patients and by vitamin B12 levels in healthy controls.

Discussion

Parkinson´s disease (PD) is characterized by dysfunction and degeneration of the
dopaminergic neurons of substantia nigra, resulting in bradykinesia, tremor and
rigidity (Marsden 1994). Although not fully established, PD neuropathology has
been related to oxidative stress, mitochondrial dysfunction and apoptosis (Jenner and
Olanow 1996; Jenner 1998; Tatton 2000). Furthermore, genetic and environmental
factors are involved in the pathogenesis of PD (de Rijk et al. 1997; Langston 1998;
Duan and Mattson 1999; Taylor et al. 1999; Silva et al. 2000; Lau et al. 2005;

Table 5 Comparison between plasma tHcy levels between PD patients and controls at low and high folic
acid concentrations

Group N Mean SEM t Probability

Folic acid<13 ng/mL

tHcy Controls 19 10.1 0.90 2.713 P<0.01

(μmol/L) Patients 23 14.4 1.22

Folic acid>13 ng/mL

tHcy Controls 14 10.8 1.42 0.647 P>0.05

(μmol/L) Patients 17 12.0 1.19

Number of cases varied from 14 to 23 individuals in each group. P<0.01, significant difference from
controls (Student t test for unpaired samples).

Table 4 Influence of smoking on blood levels of tHcy, vitamin B12 and folic acid in patients with
Parkinson´s disease

Smoking Mean SEM t Probability

tHcy Yes 15.4 3.04 1.072 P>0.05

(μmol/L) No 12.8 0.98

Vitamin B12 Yes 464 125 0.817 P>0.05

(pmol/L) No 416 43.5

Folic acid Yes 7.95 0.948 2.504 P<0.01

(ng/mL) No 12.2 0.662

Number of cases varied from 6 to 37 individuals in each group. P<0.01 (Student´s t test for unpaired
samples)
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Hancock et al. 2007). However, the exact mechanisms involved in most cases are
still a mystery.

More recently, it has been shown that Hcy levels are increased in blood and CSF
of PD patients (Kuhn et al. 1998; Yasui et al. 2000; Isobe et al. 2005), but it is not
yet known the relevant factors inducing hyperhomocysteinemia in this disease. In
this context, recent reports have emphasized the role of L-DOPA treatment
increasing blood Hcy levels (Yasui et al. 2000; Rogers et al. 2003), although this
is still on debate (Todorovic et al. 2006). A possible mechanisms for this increase
was that the biotransformation of L-DOPA to dopamine leads to a depletion of
S-adenosylmethionine needed for Hcy conversion to methionine. There is also some
data showing that alcohol consumption and tobacco habit induce Hcy increase in the
general population, but the data on these findings are rather scarce and also

Fig. 3 Relation between blood concentrations of total homocysteine and vitamin B12 in healthy control
individuals. Pearson correlation coefficient r=−0.428, P<0.05

Fig. 2 Relation between blood concentrations of total homocysteine and folic acid in patients with
Parkinsons´s disease. Pearson correlation coefficient r=−0.550, P<0.05
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confusing (Bleich et al. 2000; Barack et al. 2001; Jacques et al. 2001; Quik 2004;
Siniscalchi et al. 2006). Thus, we aimed here to clarify the interplay of some of these
factors in the induction of hyperhomocysteinemia in parkinsonian patients.

Therefore, our investigation initially compared the blood levels of tHcy, between
PD patients and age-matched healthy individuals. We found a significant elevation
(over 30 %) of plasma tHcy levels in PD patients in comparison with controls, as
previously found by others (Kuhn et al. 1998; Muller et al. 1999). Furthermore, we
observed that plasma tHcy increased levels were not due to age, gender or reduced
glomerular filtration. Since Hcy promptly crosses the BBB (Grieve et al. 1992), it is
feasible that high brain Hcy concentrations were achieved in our recruited PD
patients, as previously observed (Isobe et al. 2005). Since neurotoxic properties have
been attributed to Hcy (Wall et al. 1980; Blount et al. 1997; Lipton et al. 1997;
Upchurch et al. 1997; Cher et al. 2001; Sachdev et al. 2002; Streck et al. 2002, 2003;
Lazarewicz et al. 2003), it is conceivable that high Hcy concentrations may be
deleterious to the brain of PD patients potentially accelerating neurodegeneration in
this disease. However, previous experimental evidence has shown that elevated
blood or brain concentrations of Hcy are not sufficient to cause neuronal damage
(Duan et al. 2002; Kruman et al. 2002) and also does not predict a worse progression
to neurologic deterioration in early PD (O’Suilleabhain et al. 2004).

We also demonstrated by linear correlation, multiple regression and by
comparison of tHcy levels between controls and PD patients with low and high
blood folic acid concentrations that folate deficiency was an important determinant
of hyperhomocysteinemia in our PD patients, distinctly from vitamin B12 which was
inversely related to tHcy concentrations in healthy subjects.

To our knowledge the present work demonstrates for the first time that folate
deficiency and hyperhomocysteinemia are associated in PD patients. With respect
to the pathophysiological importance of these data, it has been previously
demonstrated that folate deficiency and elevated levels of Hcy are both necessary
for the degeneration of dopaminergic neurons in an experimental model of PD
(Duan et al. 2002). Furthermore, considering that low folate concentrations
together with high tHcy levels were associated with decline of cognition in old
people (Mooijaart et al. 2005), it is conceivable that high Hcy levels may be a risk
factor enhancing neuronal susceptibility to other neurotoxic insults, such as folate
deficiency in parkinsonian patients. Further studies are however necessary to better
clarify this point.

It has been shown that smoking is associated with high tHcy levels (Jacques et al.
2001; Bazzano et al. 2003; Lau et al. 2005), but other investigators have shown that
nicotine may be (Jansoon and Jankovic 1985; Kirch et al. 1988; Fowler et al. 1996).
Our present data revealed a nonsignificant increase of tHcy in PD patients that
actively smoked compared to nonsmokers, but more important folic acid levels were
markedly decreased in PD smokers. Saw and colleagues (2001) elegantly
demonstrated that the increase of plasma Hcy levels in smokers disappeared after
correction for plasma folate indicating that tobacco-induced folate deficiency rather
than tobacco per se is a more important cause of hyperhomocysteinemia. Thus, the
observations of a significant decrease of folic acid concentrations especially in PD
smokers probably contributed to the elevated serum tHcy concentrations in these
patients.
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Chronic alcoholism is also able to induce high Hcy levels (Van der Gaag et al.
2000; Blasco et al. 2005), although moderate alcohol consumption does not alter
blood Hcy concentrations (Beulens et al. 2005) and tHcy levels become normal after
two weeks of alcohol abstinence (Hultberg et al. 1993). In our study, we observed a
moderate nonsignificant increase of tHcy levels in patients that had lately consumed
alcohol (less than a week of blood collection). This moderate increase was not due to
hepatic damage, as revealed by normal liver tests, but could possibly be due to the
reduction of methionine synthase activity caused by acetaldehyde, a by-product of
ethanol (Barack et al. 2001).

We also found that L-DOPA treatment was not associated with hyperhomocys-
teinemia in the PD patients, which is in accordance with some studies (Bladini et al.
2001; O’Suileabhain et al. 2004; Todorovic et al. 2006) and disagree with other
investigations (Yasui et al. 2000; Rogers et al. 2003; Hassin-Bauer et al. 2006;
Religa et al. 2006). These conflicting results may be due to the variable daily amount
of L-DOPA intake. Our patients took an average daily dose of L-DOPA of about
600 mg, which is low compared to other studies. It is conceivable that L-DOPA
treatment is not the main cause of hyperhomocysteinemia in PD, but rather L-DOPA
treatment allied to other intrinsic and exogenous factors, including folate deficiency,
as here demonstrated (Rogers et al. 2003; Lamberti et al. 2005; Zoccolella et al.
2005). Another contributing factor to high plasma tHcy levels in PD could be the
duration of treatment and/or disease, being hypothesized that tHcy higher levels
occur because patients ingest L-DOPA for longer periods (Religa et al. 2006). In this
context, we found a positive correlation between blood tHcy levels and duration of
the disease.

To conclude, our study shows that tHcy levels are increased in PD patients and
that this increase if strongly associated with a reduction of folic acid levels. Keeping
normal folic acid levels through intake of food rich in this vitamin or direct folate
supplementation in PD patients may prevent the increase of blood tHcy levels,
potentially avoiding the cognitive symptoms and neurodegeneration resulting from
hyperhomocysteinemia and folate deficiency in the PD population (Bottiglieri 1996;
Kruman et al. 2002; O’Suileabhain et al. 2004; Kado et al. 2005). It should be
emphasized that folic acid is actively transported through the blood-brain barrier and
is present at higher concentrations in the CSF than in serum, implying an important
functional role in the brain (Herbert and Zalusky 1962). This is a simple, cheap
intervention free of side effects that could hypothetically also reduce the hazard for
both ischaemic heart and cerebrovascular diseases in PD patients (Muller et al.
2003). However, the evaluation of such anti-hyperhomocysteinemia strategies in
prevention of dementia and vascular episodes in PD requires additional studies.
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