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High Serum Homocysteine Levels in
Young Male Schizophrenic and Schizoaffective Patients
With Tardive Parkinsonism and/or Tardive Dyskinesia
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Background: The pathogenesis of neuroleptic-
induced tardive movement disorders (TMD), including
tardive parkinsonism and tardive dyskinesia (TD), has
not yet been established. An elevated serum level of
total homocysteine has been implicated as a risk factor
for various neuropathologic states and some move-
ment disorders. The aim of our study was to determine
whether there is an association between serum total
homocysteine level and the presence of TMD among
schizophrenic and schizoaffective patients.

Method: This study was conducted in Be’er Sheva
Mental Health Center from August 2002 to May 2004.
Fifty-eight patients with schizophrenia or schizoaffec-
tive disorder (DSM-IV) and TMD for at least 1 year
(38 men, 20 women; age range, 28–73 years) were
compared to a control group of 188 patients with
DSM-IV–diagnosed schizophrenia or schizoaffective
disorder without TMD (123 men, 65 women; age
range, 19–66 years) regarding serum total homo-
cysteine levels.

Results: Men with TMD (demonstrating tardive
parkinsonism and/or TD) had significantly higher
mean serum total homocysteine levels compared to
sex- and age group–matched controls. The difference
between groups was almost entirely attributable to
the homocysteine levels of young male patients
(age group, 19–40 years old) with TMD.

Conclusion: High serum total homocysteine level
may constitute a risk factor for certain variants of
TMD, especially in young schizophrenic or schizo-
affective male patients. Further prospective studies
are needed to clarify these findings.
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ardive dyskinesia (TD) is a chronic movement dis-
order that frequently appears in those receivingT

psychotropic agents. This condition constitutes a substan-
tial problem in long-term antipsychotic therapy and may
lead to various clinical consequences including noncom-
pliance with treatment and an interruption in the patient-
physician therapeutic alliance. Tardive dyskinesia consists
of a group of delayed-onset abnormal involuntary move-
ments and refers to a wide range of motor disturbances.
Hence, a more appropriate term would be neuroleptic-
induced tardive subsyndromes,1–8 or neuroleptic-induced
tardive movement disorders (TMD). It has recently been
suggested that a distinction be made between classic
TD (orobuccal-lingual-facial syndrome) and other forms
of TMD such as tardive akathisia, tardive dystonia,
tardive parkinsonian symptoms, tardive tremor, and tar-
dive tics.1–8 This distinction is based on data suggesting a
varying profile of risk factors, clinical presentation, epide-
miology, and treatment response for different forms of
TMD.2,4,6,7

The pathophysiology of TMD is not well understood,
and various theories suggest the involvement of dopami-
nergic neuronal pathways.4,9 However, involvement of
noradrenergic, GABAergic, cholinergic, serotonergic, and
peptidergic pathways has also been reported.4,10 More re-
cently, excessive lipid peroxidation induced by free radi-
cals has been suggested to play an important role in
TMD.11

Homocysteine is a neurotoxic amino acid generated
via methionine metabolism.12–14 Homocysteine may be
rapidly taken up by neurons via a specific membrane
transporter.15 Elevated plasma total homocysteine levels
were reported in several neuropsychiatric disorders
including Alzheimer’s disease, major depression, and
schizophrenia, and such high levels were suggested to con-
stitute a risk factor in Alzheimer’s disease and possibly
depression and schizophrenia.16–18 High homocysteine lev-
els were also found in movement disorders, including dys-
tonia and Parkinson’s disease,19–21 and recently homo-
cysteine was reported to exacerbate oxidative stress,
mitochondrial dysfunction, and apoptosis in human dopa-
minergic cells, with these effects being ameliorated by
administration of antioxidants.22
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Normal serum homocysteine level is maintained by
remethylation to methionine by enzymes that require folic
acid and vitamin B12 and by catabolism to cysteine by the
vitamin B6–dependent enzyme cystathionine β-synthase
(CβS).23 In general, folate and vitamin B12 are more ef-
fective than vitamin B6 in reducing plasma homocysteine
levels unless the transsulfuration pathway metabolizing
homocysteine via CβS is impaired. In this regard, it is
of note that pharmacologic doses of vitamin B6 were re-
ported to have beneficial effects in different movement
disorders including TD, neuroleptic-induced parkinson-
ism, and lithium-induced tremor.24–26

The above-described association between homocys-
teine and dopaminergic pathways, in addition to the find-
ing of high levels of this toxic amino acid in certain move-
ment disorders, suggests that a study of total homocysteine
levels in patients suffering from TMD has clinical validity.

To the best of our knowledge, this is the first study to
evaluate serum total homocysteine levels in schizophrenic
and schizoaffective patients suffering from TMD.

METHOD

This study was conducted in Be’er Sheva Mental
Health Center from August 2002 to May 2004. The fol-
lowing inclusion criteria were determined: (1) male and
female patients, older than 18 years; (2) DSM-IV diagno-
sis of schizophrenia or schizoaffective disorder; (3) diag-
nosis of TMD as confirmed by 2 specialists in psychiatry
experienced in the assessment and treatment of movement
disorders. Neuroleptic-induced tardive akathisia, tardive
tremor, and tardive parkinsonism were diagnosed accord-
ing to DSM-IV research criteria for these acute disorders;
however, the duration of signs and symptoms had to be at
least 1 year; (4) signs and symptoms of TMD had to have
developed while the patient was taking a neuroleptic medi-
cation or within a period of 4 weeks after withdrawal in the
case of oral medications or 8 weeks for depot compounds;
and (5) exposure to neuroleptic medication for at least
3 months prior to the appearance of signs and symptoms
of TMD.

Exclusion criteria included (1) concurrent medical ill-
nesses including cardiovascular, endocrine, renal, hepatic,
and neurologic diseases or a family history of hereditary
movement disorders; (2) vitamin supplementation that
may have influenced serum total homocysteine levels
(namely folic acid, vitamin B12, vitamin B6); (3) evidence
of substance or alcohol abuse; and (4) eating disorders,
malnutrition, gastrointestinal absorption disorders, or any
other form of avitaminosis. These criteria were added in
order to exclude other possible causes of either raised
plasma homocysteine levels or non–drug-induced move-
ment disorders.

The study was approved by the institutional review
board of Ben Gurion University. All patients provided

their written informed consent after receiving a detailed
explanation regarding the study.

Fifty-eight schizophrenic and schizoaffective patients
suffering from TMD for 1 to 10 years (mean = 5.2 years,
SD = 4.2) were enrolled. The severity of TMD was as-
sessed by the Clinical Global Impressions scale (CGI)27 in
all TMD patients and the Extrapyramidal Symptom Rat-
ing Scale (ESRS)28 in 29 (50%) of 58 TMD patients. All
patients with TMD were divided into one of 3 subgroups:
(1) tardive parkinsonism (including patients with tardive
akathisia, tardive parkinsonian symptoms, and tardive
tremor), (2) tardive dyskinesia, or (3) combination of tar-
dive parkinsonism and TD (Table 1). There was a sig-
nificant age difference between TMD patients and control
schizophrenic and schizoaffective disorder patients with-
out TMD (mean ± SD = 46.9 ± 10 vs. 41.4 ± 10 years,
respectively; t = –3.578, p = .001). The male-to-female
ratio was similar (1.9) in both groups (Table 1), as were
smoking status and chlorpromazine treatment dosage
equivalent.

One hundred eighty-eight schizophrenic and schizoaf-
fective patients without any signs or symptoms of TMD
served as a control group (Table 1). This group, described
elsewhere by Applebaum et al.,29 was enrolled and exam-

Table 1. Demographic Data of TMD Patients and Non-TMD
Controls

Non-TMD
TMD Group Control Group

Characteristic (N = 58) (N = 188)

Sex
Female, N 20 65
Male, N 38 123
Male:female ratio 1.90 1.89

Age, y
Mean ± SD 46.9 ± 10.3 41.4 ± 10.1*
Range 28–73 19–66

Smoking status, N (%)
Female smokers 14 (70) 13 (20)
Male smokers 35 (92) 98 (80)

CPZ-equivalent treatment, mg/d
Mean ± SD 404 ± 203 430 ± 222
Range 200–900 50–800

Severity of TMD
CGI score

Mean ± SD 4.1 ± 0.86 …
Range 3–6 …

ESRSa subscale score, mean ± SD
Parkinsonism 7.8 ± 6.7 …
Dyskinesia 7.2 ± 6.9 …

TMD subgroup, N (%)
Tardive parkinsonism 30 (51.7) …
Tardive dyskinesia 11 (19.0) …
Tardive parkinsonism and 17 (29.3) …

tardive dyskinesia
aThe ESRS was used to assess a sample of 29 (50%) of 58 TMD

patients.
*p = .001.
Abbreviations: CGI = Clinical Global Impressions scale,

CPZ = chlorpromazine, ESRS = Extrapyramidal Symptom Rating
Scale, TD = tardive dyskinesia, TMD = neuroleptic-induced tardive
movement disorders. Symbol: … = not applicable.
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ined at the same time period as the TMD group. Exclusion
criteria for these patients were identical to those of the
TMD group.

All TMD and non-TMD patients were treated with
antipsychotic medications in a variety of clinical settings,
including acute inpatient units, chronic inpatient wards,
and community care in hostels. The TMD and non-TMD
control patients received a mean antipsychotic dose of
404 mg/day versus 430 mg/day of chlorpromazine equiv-
alent, respectively (range = 200–900 mg/day vs. 50–800
mg/day, respectively) (Table 1). With regard to smoking,
which is reported to affect TMD and serum homocysteine
levels,30–33 92% of men and 70% of women with TMD
were smokers. An estimation of smoking rates in non-
TMD schizophrenic and schizoaffective patients in our
sample, based on the findings of Stahl et al.,34 who re-
ported rates of smoking in a sample of schizophrenic in-
patients in the Be’er Sheva Mental Health Center, is 80%
for men and about 20% for women.

Morning fasting blood samples were taken from all
TMD and non-TMD control patients. Serum was sepa-
rated from whole blood by centrifugation at 4°C and then
stored at –20°C. Total homocysteine levels were assayed
by high-performance liquid chromatography with mono-
bromobimane—a modification to the assay reported by
Araki and Sako.35 Central 95% reference range of serum
total homocysteine levels in the Israeli population accord-
ing to this method is 5.0 to 15.0 µmol/L.18

Statistical Analysis
Data were analyzed using SPSS, version 6.0 for Win-

dows (SPSS, Inc.; Chicago, Ill.). We performed 1-way
analysis of covariance with age, sex, and diagnosis
(schizophrenia vs. schizoaffective disorder) as covariates
to test the effect of TMD on homocysteine levels. Since

age and sex were shown to have significant influence on
homocysteine levels both previously36 and in the current
study, we present data on TMD and non-TMD patients
separately for men and women and for the different age
groups. We used a regression model to explore the predic-
tive value of different baseline variables on homocysteine
levels among patients with TMD. Finally, Student inde-
pendent t test was used where appropriate.

RESULTS

A regression analysis model showed that age groups,
sex, and the existence of TMD, but not diagnosis (schizo-
phrenia vs. schizoaffective disorder), were significantly
correlated to total homocysteine levels (t = 7.679, p =
.00001). A 1-way analysis of covariance with age groups,
sex, and diagnosis as covariates was performed. The ef-
fect of TMD on total homocysteine levels was significant
(F = 6.012, p = .015). Since diagnosis (schizophrenia vs.
schizoaffective disorder) did not influence the total homo-
cysteine levels, the analysis was combined for schizo-
phrenia and schizoaffective patients.

Table 2 presents mean ± SD serum homocysteine lev-
els for schizophrenia patients versus schizoaffective con-
trol patients according to age group and sex. Table 3 pre-
sents mean ± SD serum homocysteine levels for TMD
patients versus non-TMD patients according to age group
and sex. As can be seen in Table 3, the difference in total
homocysteine levels between TMD and non-TMD pa-
tients was significant only in the young male group.

Using a regression model, total homocysteine levels
among TMD patients were correlated to age and sex, but
not to TMD type (tardive parkinsonism, TD, or both). Yet,
this model showed that in a subgroup of 29 patients for
whom we also collected data about TMD severity, the

Table 2. Serum Total Homocysteine Levels in Schizophrenic Versus Schizoaffective Control Patients by Age and Sex
Schizophrenic Patients (N = 105) Schizoaffective Patients (N = 83)

Male Homocysteine Level Female Homocysteine Level Male Homocysteine Level Female Homocysteine Level
(µmol/L)   (µmol/L) (µmol/L) (µmol/L)

Age, y N Mean SD N Mean SD N Mean SD  N Mean SD

19–40 54 14.3 9.6 18 12.3 6.6 23 13.1 4.0 18 12.1 6.7
41–73 16 13.2 3.3 17 12.6 7.9 30 13.9 6.7 12 11.6 4.1

Table 3. Serum Total Homocysteine Levels in Neuroleptic-Induced Tardive Movement Disorders (TMD) Group Versus Non-TMD
Control Group by Age and Sex

TMD Group (N = 58) Non-TMD Control Group (N = 188)

Male Homocysteine Level Female Homocysteine Level Male Homocysteine Level Female Homocysteine Level
(µmol/L) (µmol/L) (µmol/L) (µmol/L)

Age, y N Mean SD N Mean SD N Mean SD N Mean SD

19–40 14 29.7a 24.3 2 13.7 6.6 77 13.9a 8.3 36 12.2 6.5
41–73 24 15.7 8.0 17 8.4 2.5 46 13.6 5.7 29 12.2 6.5
aThe difference in total homocysteine levels between TMD and non-TMD patients was significant only in the young male group: t = –2.323,

df = 26.532, 95% CI = –18.2 to –1.12, p = .028.
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ESRS measurements for tardive parkinsonism were corre-
lated with total homocysteine levels (t = 2.623, p = .024).

DISCUSSION

Our results demonstrate high total homocysteine levels
in men, especially in young male schizophrenic and
schizoaffective patients with TMD exhibiting tardive
parkinsonism and/or TD. With regard to women, no dif-
ference was found in those above the age of 40 years,
whereas, for those aged 19 to 40 years, the number of
women was too small to draw conclusions.

Interestingly, Goff et al.37 recently studied 91 consecu-
tive schizophrenia outpatients in an urban community
mental health center and reported that homocysteine lev-
els were positively correlated with extrapyramidal symp-
tom severity as measured by the Simpson-Angus Scale,
yet no correlation was found with the severity of TD as
measured by the Abnormal Involuntary Movement Scale
(AIMS).

The finding of high homocysteine levels in young male
schizophrenic and schizoaffective patients with TMD
warrants an explanation. Levine et al.18 and Applebaum
et al.29 reported high plasma and serum total homocys-
teine levels in schizophrenic patients, mainly young and
middle-aged male patients, suggesting that high serum
homocysteine levels may constitute a risk factor for
schizophrenia, as has been previously suggested for Alz-
heimer’s disease.16 The causes of such elevated homocys-
teine levels in individuals with schizophrenia are not yet
clear. One possible explanation is the existence of low
plasma folate and/or low plasma vitamin B12 levels in
such individuals. In this regard, Stahl et al.34 reported that,
in a cohort of 258 schizophrenic hospitalized inpatients
in the Be’er Sheva Mental Health Center, a multiple linear
regression found that plasma folate and vitamin B12

levels explained 25% of the variance in homocysteine
levels. Seventy-five percent and 15% of men (N = 201)
had low plasma folate (> 3.7 ng/mL) and vitamin B12

(> 157 pg/mL) levels, respectively, whereas 65% and
12% of women (N = 57) showed low plasma folate and
vitamin B12 levels, respectively. Lerner et al.38 studying
224 newly admitted schizophrenic and schizoaffective pa-
tients to the Be’er Sheva Mental Health Center reported
that 37% of the men (N = 143) and 17% of the women
(N = 81) had low serum folate levels (> 3.1 ng/mL). Low
serum vitamin B12 levels (> 223 pg/mL) were found in
28% of these men and 23% of the women. These data sug-
gest that low folate and/or vitamin B12 levels may contrib-
ute to high homocysteine levels reported in schizophrenic
and schizoaffective patients.

Another possible reason for high homocysteine  levels
in schizophrenic patients is smoking—reported to elevate
homocysteine levels.34 In this regard, there seems to be no
substantial difference in smoking status between men

with TMD and sex-matched controls in our study, as the
data suggest that the majority of both groups were smok-
ers (≥ 80%). The high percentage of smokers seems to
confirm data suggesting that smoking is 3 times more fre-
quent in schizophrenic patients than in the general popu-
lation.39–41 On the other hand, more women with TMD
smoked compared to corresponding controls. Such a dif-
ference may have theoretically contributed to higher
homocysteine levels in women with TMD compared to
women without TMD; however, no such difference was
noticed (see Table 3). In this regard, evaluating the effect
of smoking in these institutionalized patients and hostel
residents is rather complex if one considers the possible
effects of passive smoking. Future measurements of bio-
logical markers of nicotine abuse/dependence may be
needed to study the effect of smoking on homocysteine
levels in these groups. Other causes of high homocysteine
levels in the study participants may consist of a variety of
genetic and environmental causes that are beyond the
scope of this article.29

Our sample mainly represents chronic middle-aged
patients, all treated previously with typical neuroleptics
that were later—due either to a lack of adequate clinical
response or to the presence of adverse effects—switched
to atypical neuroleptics or to a combination treatment of
typical and/or atypical antipsychotics. The application of
such a therapeutic strategy made it practically too com-
plex to separate the effects of typical versus atypical
neuroleptics on the development of TMD.

One may claim that differences as to the use of neuro-
leptics between the study groups may have contributed
to the high homocysteine levels among young men with
TMD compared with the levels among the corresponding
men without TMD. We could not analyze this difference.
However, in a group of 258 schizophrenic patients, Stahl
et al.34  could not find any effects of neuroleptics (typical
or atypical) on homocysteine levels, nor has such an
effect been reported in the literature.

The use of psychotropic medications, such as carba-
mazepine and valproic acid, has been suggested as lead-
ing to increased levels of plasma homocysteine.42–45

However, no such effect was found in the study by Stahl
et al.34 performed in our center. Also, the proportion of
patients treated with mood stabilizers was similar in both
of the patient groups. Antidepressants and anticholinergic
agents have not been reported in the literature to induce
high plasma homocysteine levels.

Some other nonpsychotropic medications were also re-
ported to affect homocysteine levels21,46–51; however, since
the exclusion criteria excluded patients with hepatic, re-
nal, cardiovascular, endocrinologic, or neurologic disor-
ders, very few patients were treated with nonpsychotropic
medications, and practically none of them was treated
with a drug reported to increase homocysteine levels. Fi-
nally, none of the patients was treated with vitamin E or
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other antioxidants reported to possibly alleviate certain
TMD subsyndromes.

Our findings show that the mean serum total homocys-
teine level in schizophrenic and schizoaffective patients
with TMD is approximately double that of schizophrenic
and schizoaffective patients without TMD. This suggests
that the higher serum total homocysteine levels in young
schizophrenic (and probably schizoaffective) male pa-
tients may be associated with the existence of TMD. The
reasons for these high homocysteine levels are not clear.
There seems to be no substantial difference as to smoking
status between TMD and control men as we can assume
that the majority of both groups smoked. As we do not
have data as to the difference in vitamin B status between
the study groups, we cannot determine whether the differ-
ence in homocysteine levels between the study groups is
related to differences in vitamin B status between the
study groups. We do suggest, however, that, regardless of
the causes underlying these high homocysteine levels in
TMD patients compared with the controls, high homo-
cysteine levels may constitute a risk factor for the devel-
opment of TMD.

The mechanism by which homocysteine may affect
neuroleptic-induced TMD may involve damage to dopa-
minergic neurons since homocysteine has been reported
to exacerbate oxidative stress, mitochondrial dysfunc-
tion, and apoptosis in human dopaminergic cells, with
these effects ameliorated by the administration of antioxi-
dants. Such effects may also be mediated via other
metabolites of homocysteine. Some authors suggested
that oxidized forms of homocysteine, namely homocys-
teinesulfinic acid and homocysteic acid, strongly inhibit
neuronal network activity at relatively low concentra-
tions, whereas the deleterious effects of homocysteine
on neuronal tissue were reported at relatively high
concentrations.12,13,52

Since neuroleptics were reported to induce the forma-
tion of free radicals,53 one may postulate that, by the in-
duction of free radicals, neuroleptics may lead to the
formation of oxidized forms of homocysteine, namely
homocysteinesulfinic acid and homocysteic acid, which
may strongly inhibit neuronal network activity in rela-
tively low concentrations and ultimately lead to TMD.

Moreover, it was suggested that exposure of the endo-
thelium to homocysteine induces the release of nitric
oxide, a further excitotoxic compound. Such excitotoxins
were suggested to play a role in the pathogenesis of
tremor, akathisia, and dyskinesia in Parkinson’s disease,
since excitotoxins hypothetically alter the circuit of basal
ganglia function and may lead to TMD.13,54–56

However, the possibility also exists that, in patients
with TMD, the high serum total homocysteine levels may
result from inadequate food consumption and the result-
ing vitamin B deficiencies. Inadequate food consumption
is often due to difficulties with hand and mouth move-

ments and inadequate masticatory and/or swallowing
functions caused by the existence of abnormal move-
ments related to the different variants of TMD. In the lat-
ter case, high homocysteine levels would be expected to
be a sequela of TMD. Yet, both possibilities may exist,
leading to a vicious cycle of homocysteine either inducing
or aggravating TMD, thus leading to decreased food and
vitamin B consumption and the resultant high homocys-
teine levels further aggravating TMD, and so on. Future
longitudinal prospective studies are needed to determine
the exact relationship between high serum homocysteine
levels and TMD.

Our study has a number of limitations. First, the design
used in this cross-sectional study made it practically too
complex to study the effect of different neuroleptic drugs
on serum homocysteine levels. Second, although the total
sample recruited was rather large, the number of patients
in certain age and sex subgroups (especially women aged
19–40 years) was relatively small. Finally, vitamin B and
folic acid status was not analyzed.

Since neuroleptic treatment is used in many other pa-
tient populations, such as those suffering from bipolar dis-
order, mental retardation, dementia, or other neurologic
diseases associated with severe behavioral disturbances
or psychotic symptoms, our results may have wider impli-
cations. The described association between high serum
homocysteine levels and TMD and the existence of a rela-
tively simple homocysteine-reducing strategy with the
use of vitamin B supplementation may have further clini-
cal ramifications. Further prospective studies are neces-
sary to clarify these findings.

Drug names: carbamazepine (Carbatrol, Equetro, and others), chlor-
promazine (Thorazine, Sonazine, and others), lithium (Lithobid,
Eskalith, and others), valproic acid (Depakene and others).

REFERENCES

  1. Moore DC, Bowers MB Jr. Identification of a subgroup of tardive dys-
kinesia patients by pharmacologic probes. Am J Psychiatry 1980;137:
1202–1205

  2. Burke RE. Tardive dyskinesia: current clinical issues. Neurology
1984;34:1348–1353

  3. Klawans H. Recognition and diagnosis of tardive dyskinesia.
J Clin Psychiatry 1985;46:3–7

  4. Sachdev PS. The current status of tardive dyskinesia. Aust N Z
J Psychiatry 2000;34:355–369

  5. Lauterbach EC, Carter WG, Rathke KM, et al. Tardive dyskinesia:
diagnostic issues, subsyndromes, and concurrent movement disorders:
a study of state hospital inpatients referred to a movement disorder
consultation service. Schizophr Bull 2001;27:601–613

  6. Fernandez HH, Friedman JH. Classification and treatment of tardive
syndromes. Neurologist 2003;9:16–27

  7. Cummings JL, Wirshing WC. Recognition and differential diagnosis
of tardive dyskinesia. Int J Psychiatry Med 1989;19:133–144

  8. Stacy M, Jankovic J. Tardive tremor. Mov Disord 1992;7:53–57
  9. Yassa R, Nair NPV, Jeste DV, eds. Neuroleptic-Induced Movement

Disorders. New York, NY: Cambridge University Press; 1997
10. Kane JM, Woerner M, Lieberman J. Tardive dyskinesia: prevalence,

incidence, and risk factors. J Clin Psychopharmacol 1988;8:52S–56S
11. Lohr JB. Oxygen radicals and neuropsychiatric illness: some

speculations. Arch Gen Psychiatry 1991;48:1097–1106

1562



Lerner et al.

1564 J Clin Psychiatry 66:12, December 2005

12. Kruman I, Culmsee C, Chan SL, et al. Homocysteine elicits a DNA
damage response in neurons that promotes apoptosis and hypersensitivity
to excitotoxicity. J Neurosci 2000;20:6920–6926

13. Lipton SA, Kim WK, Choi YB, et al. Neurotoxicity associated with dual
actions of homocysteine at the N-methyl-D-aspartate receptor. Proc Natl
Acad Sci U S A 1997;94:5923–5928

14. Mattson MP, Shea TB. Folate and homocysteine metabolism in neural
plasticity and neurodegenerative disorders. Trends Neurosci 2003;26:
137–146

15. Grieve A, Butcher SP, Griffiths R. Synaptosomal plasma membrane
transport of excitatory sulphur amino acid transmitter candidates: kinetic
characterisation and analysis of carrier specificity. J Neurosci Res 1992;
32:60–68

16. Seshadri S, Beiser A, Selhub J, et al. Plasma homocysteine as a risk factor
for dementia and Alzheimer’s disease. N Engl J Med 2002;346:476–483

17. Bottiglieri T, Laundy M, Crellin R, et al. Homocysteine, folate, methyla-
tion, and monoamine metabolism in depression. J Neurol Neurosurg
Psychiatry 2000;69:228–232

18. Levine J, Stahl Z, Sela BA, et al. Elevated homocysteine levels in young
male patients with schizophrenia. Am J Psychiatry 2002;159:1790–1792

19. Muller T, Woitalla D, Hunsdiek A, et al. Elevated plasma levels of homo-
cysteine in dystonia. Acta Neurol Scand 2000;101:388–390

20. Miller JW. Homocysteine, folate deficiency, and Parkinson’s disease.
Nutr Rev 2002;60:410–413

21. O’Suilleabhain PE, Sung V, Hernandez C, et al. Elevated plasma homo-
cysteine level in patients with Parkinson disease: motor, affective, and
cognitive associations. Arch Neurol 2004;61:865–868

22. Duan W, Ladenheim B, Cutler RG, et al. Dietary folate deficiency and
elevated homocysteine levels endanger dopaminergic neurons in models
of Parkinson’s disease. J Neurochem 2002;80:101–110

23. Scott JM, Weir DG. Folic acid, homocysteine and one-carbon metabo-
lism: a review of the essential biochemistry. J Cardiovasc Risk 1998;5:
223–227

24. Sandyk R, Pardeshi R. Pyridoxine improves drug-induced parkinsonism
and psychosis in a schizophrenic patient. Int J Neurosci 1990;52:
225–232

25. Lerner V, Miodownik C, Kaptsan A, et al. Vitamin B6 in the treatment of
tardive dyskinesia: a double-blind, placebo-controlled, crossover study.
Am J Psychiatry 2001;158:1511–1514

26. Miodownik C, Witztum E, Lerner V. Lithium-induced tremor treated
with vitamin B6: a preliminary case series. Int J Psychiatry Med 2002;32:
103–108

27. Guy W. ECDEU Assessment Manual for Psychopharmacology. US Dept
Health, Education, and Welfare. Rockville, Md: National Institute of
Mental Health; 1976:218–222

28. Chouinard G, Ross-Chouinard A, Annable L, et al. Extrapyramidal
Symptom Rating Scale [abstract]. Can J Neurol Sci 1980;7:233

29. Applebaum J, Shimon H, Sela BA, et al. Homocysteine levels in newly
admitted schizophrenic patients. J Psychiatr Res 2004;38:413–416

30. Nilsson A, Waller L, Rosengren A, et al. Cigarette smoking is associated
with abnormal involuntary movements in the general male population:
a study of men born in 1933. Biol Psychiatry 1997;41:717–723

31. Chong SA, Tan EC, Tan CH, et al. Smoking and tardive dyskinesia:
lack of involvement of the CYP1A2 gene. J Psychiatry Neurosci 2003;
28:185–189

32. O’Callaghan P, Meleady R, Fitzgerald T, et al. Smoking and plasma
homocysteine. Eur Heart J 2002;23:1580–1586

33. Ozerol E, Ozerol I, Gokdeniz R, et al. Effect of smoking on serum con-
centrations of total homocysteine, folate, vitamin B12, and nitric oxide in
pregnancy: a preliminary study. Fetal Diagn Ther 2004;19:145–148

34. Stahl Z, Belmaker RH, Friger M, et al. Nutritional and life style

determinants of plasma homocysteine in schizophrenia patients.
Eur Neuropsychopharmacol 2005;15:291–295

35. Araki A, Sako Y. Determination of free and total homocysteine in human
plasma by high-performance liquid chromatography with fluorescence
detection. J Chromatogr 1987;422:43–52

36. Rasmussen K, Moller J, Lyngbak M, et al. Age- and gender-specific
reference intervals for total homocysteine and methylmalonic acid in
plasma before and after vitamin supplementation. Clin Chem 1996;42:
630–636

37. Goff DC, Bottiglieri T, Arning E, et al. Folate, homocysteine, and nega-
tive symptoms in schizophrenia. Am J Psychiatry 2004;161:1705–1708

38. Lerner V, Kanevsky M, Dwolatzky T, et al. Vitamin B12 and folate serum
levels in newly admitted psychiatric patients. Clin Nutr. In press

39. Uck A, Polat A, Bozkurt O, et al. Cigarette smoking among patients with
schizophrenia and bipolar disorders. Psychiatry Clin Neurosci 2004;58:
434–437

40. Salin-Pascual RJ, Alcocer-Castillejos NV, Alejo-Galarza G. Nicotine
dependence and psychiatric disorders. Rev Invest Clin 2003;55:677–693

41. Kelly C, McCreadie RG. Smoking habits, current symptoms, and pre-
morbid characteristics of schizophrenic patients in Nithsdale, Scotland.
Am J Psychiatry 1999;156:1751–1757

42. Campbell CA, Peet M, Ward NI. Vanadium and other trace elements in
patients taking lithium. Biol Psychiatry 1988;24:775–781

43. Koren G, Cohn T, Chitayat D, et al. Use of atypical antipsychotics during
pregnancy and the risk of neural tube defects in infants. Am J Psychiatry
2002;159:136–137

44. Karabiber H, Sonmezgoz E, Ozerol E, et al. Effects of valproate and
carbamazepine on serum levels of homocysteine, vitamin B12, and folic
acid. Brain Dev 2003;25:113–115

45. Cervantes P, Ghadirian AM, Vida S. Vitamin B12 and folate levels and
lithium administration in patients with affective disorders. Biol Psychi-
atry 1999;45:214–221

46. Zoccolella S, Lamberti P, Armenise E, et al. Plasma homocysteine levels
in Parkinson’s disease: role of antiparkinsonian medications. Parkinson-
ism Relat Disord 2005;11:131–133

47. Miller JW, Selhub J, Nadeau MR, et al. Effect of L-dopa on plasma
homocysteine in PD patients: relationship to B-vitamin status. Neurology
2003;60:1125–1129

48. Rogers JD, Sanchez-Saffon A, Frol AB, et al. Elevated plasma homocys-
teine levels in patients treated with levodopa: association with vascular
disease. Arch Neurol 2003;60:59–64

49. Wulffele MG, Kooy A, Lehert P, et al. Effects of short-term treatment
with metformin on serum concentrations of homocysteine, folate and
vitamin B12 in type 2 diabetes mellitus: a randomized, placebo-controlled
trial. J Intern Med 2003;254:455–463

50. Desouza C, Keebler M, McNamara DB, et al. Drugs affecting homocys-
teine metabolism: impact on cardiovascular risk. Drugs 2002;62:605–616

51. Lee AJ. Metformin in noninsulin-dependent diabetes mellitus. Pharmaco-
therapy 1996;16:327–351

52. Gortz P, Hoinkes A, Fleischer W, et al. Implications for
hyperhomocysteinemia: not homocysteine but its oxidized forms strongly
inhibit neuronal network activity. J Neurol Sci 2004;218:109–114

53. Lohr JB, Kuczenski R, Niculescu AB. Oxidative mechanisms and tardive
dyskinesia. CNS Drugs 2003;17:47–62

54. Schlussel E, Preibisch G, Putter S, et al. Homocysteine-induced oxidative
damage: mechanisms and possible roles in neurodegenerative and athero-
genic processes. Z Naturforsch [C] 1995;50:699–707

55. Rose S, MacKenzie GM, Jenner P. Nitric oxide and basal ganglia
degeneration. Adv Neurol 1999;80:247–257

56. Jenner P. Oxidative stress in Parkinson’s disease. Ann Neurol 2003;53
(suppl 3):S26–S36

1563


	Table of Contents

