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Homocysteine is an amino acid, which plays several im-
portant roles in human physiology. A wide range of dis-
orders, including neuropsychiatric disorders and autism, 
are associated with increased homocysteine levels in 
biological fluids. Various B vitamins: B6 (pyridoxine), B12 
(cobalamin), and B9 (folic acid) are required as co-factors 
by the enzymes involved in homocysteine metabolism. 
Therefore, monitoring of homocysteine levels in body 
fluids of autistic children can provide information on ge-
netic and physiological diseases, improper lifestyle (in-
cluding dietary habits), as well as a variety of pathologi-
cal conditions. This review presents information on ho-
mocysteine metabolism, determination of homocysteine 
in biological fluids, and shows abnormalities in the levels 
of homocysteine in the body fluids of autistic children.
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INTRODUCTION

Homocysteine is a non-protein, naturally occurring 
amino acid of potential clinical significance. It is a hom-
ologue of the amino acid cysteine (Fig. 1, Table 1).

Homocysteine was obtained in 1935 by the reduction 
of homocysteine with metallic sodium in ammonia (Ri-
gel B, duVigneaud V, JBC 1935). The relationship be-
tween different factors (genetic, physiological, lifestyle, 
as well as a variety of pathological conditions) and the 

level of homocysteine in plasma and urine was the sub-
ject of numerous studies. Homocystinuria, an inherited 
disease being the result of homozygous cystathionine-β- 
synthase (CBS) deficiency and characterized by episodes 
of thromboembolism, as well as mental retardation, he-
patic steatosis, lens dislocation, and osteoporosis (Ma-
linowska et al., 2012), was recognized as a risk factor for 
human diseases and described in 1960s by Carson and 
Niell, who found large quantities of homocysteine in 
the urine of siblings with mental retardation (Carson & 
Niell, 1962). At the same time, during biochemical inves-
tigations of children with coşanomalies, homocystinuria 
was described by Gerritsen et al. (Gerritsen et al., 1962; 
Gerritsen & Waisman, 1964). In 1964 Mudd et al. (1964) 
demonstrated that homocystinuria is caused by the de-
ficiency or absence of cystathionine synthase. In 1969, 
McCully noted a link between the elevated levels of ho-
mocysteine in blood and atherosclerosis (McCully, 1969). 
Since the early 1990s homocysteine has become the sub-
ject of a growing number of worldwide studies and the 
leading theme of many international conferences. The 
mainstream of research examines the impact of elevated 
levels of homocysteine in cardiovascular (Jacobsen, 1998; 
Auer et al., 2001) and neural tube defects (Nelen, 2001; 
Hague, 2003), mental illness, and cognitive impairment 
(Seshadri et al., 2002; Nilsson et al., 2002). Homocysteine 
is a sensitive indicator of subclinical folate or vitamin 
B12 deficiencies, rather than a standard hematologic in-
dicator (Duthie et al., 2002). For example, in uremic pa-
tients without other evidence of folate deficiency, folate 
supplementation reduced the degree of hyperhomocyst-
einemia, but did not consistently restore the level of ho-
mocysteine to its normal value (Thambyrajah et al., 2000; 
Perna et al., 2005). The connection between autism spec-
trum disorders (ASD) and hyperhomocysteinemia was 
presented for the first time by Paşca in 2006 (Paşca et 
al., 2006).

HOMOCYSTEINE METABOLISM

Homocysteine as a metabolic intermediate is derived 
from an essential sulphur containing amino acid — me-
thionine, as a result of transformation of methionine 
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Abbreviations: (-CH2) group, methylene group; ASD, autism spec-
trum disorders; B12, cobalamin; B6, pyridoxine; B9, folic acid; 
BHMT, betaine homocysteine methyltransferase; CBS, cystathionine 
β-synthase; CSF, cerebrospinal fluid; GC-MS, gas chromatography-
mass spectrometry; HPLC, high-performance liquid chromatog-
raphy; LC-MS/MS, liquid chromatography-tandem mass spec-
trometry; MAT, methionine adenosyltransferase; MS, methionine 
synthase; MTase, methyltransferase; MTHF, methyltetrahydrofolate; 
MTHFR, methylenetetrahydrofolate reductase; SAH, S-adenosylho-
mocysteine; SAM, S-adenosylmethionine; tHcy, total homocysteine; 
THF, tetrahydrofolate.

Table 1. Key facts about homocysteine

•	 It	 is	a	non-protein	amino	acid.
•	 It	 is	a	homologue	of	the	amino	acid	cysteine,	differing	by		
 an additional methylene (-CH2-) group.
•	 Homocysteine	is	not	obtained	from	the	diet.
•	 Homocysteine	can	be	recycled	into	methionine	or	 	
 converted into cysteine with the aid of B-vitamins.
•	 Deficiencies	of	vitamins:	 folic	acid	(B9),	pyridoxine	(B6),	 	
 or B12 (cobalamin) lead to high levels of homocysteine.

Figure 1. Structures of homocysteine and cysteine. 
(A) Homocysteine, (B) Cysteine

Vol. 60, No 2/2013
137–142

on-line at: www.actabp.pl



138           2013J. Kałużna-Czaplińska and others

(Met) to cysteine (Cys). In this conversion the follow-
ing two enzymes, SAM synthetase (methionine adenosyl-
transferase) and S-adenosylhomocysteine (SAH)-hydro-
lase, take part. In the first step methionine in a reaction 
with ATP is activated by methionine adenosyltransferase, 
leading to the formation of S-adenosylmethionine (SAM) 
synthesis. SAM plays an important role as a major donor 
of methyl groups (–CH3) for various methylation reac-
tions. In the next step, demethylation of SAM generates 
S-adenosylhomocysteine (SAH), which then undergoes a 
mediated hydrolysis by SAH hydrolase to adenosine and 
Hcy (Malinowska et al., 2012; Manolescu et al., 2010).

In the human body, homocysteine is metabolised 
through two B-vitamin-dependent pathways: transsul-
furation to cysteine, or remethylation to methionine 
(Perla-Kajan et al., 2007). Homocysteine metabolism also 
leads to the formation of a highly reactive compound 
Hcy-thiolactone (HTL), the synthesis of which is con-
nected with the misactivation of homocysteine by ami-
noacyl-tRNA synthetase (AARS) or erroneous activation 
(Jakubowski, 1990).

Homocysteine metabolism depends on the level of 
vitamins B6, B12, and folic acid (Brosnan et al., 2004). 
Deficiency of folic acid, vitamins B2, B6, B12, and er-
rors of the following enzymes: methylenetetrahydrofolate 
reductase (MTHFR), cystathionine β-synthase (CBS) and 
methionine synthase (MS), leads to metabolic distur-
bances of Hcy, and elevation of Hcy in human tissues, 
known as hyperhomocysteinemia (Malinowska et al., 
2012). Hyperhomocysteinemia may take a mild, moder-
ate or severe form (Kang et al., 1992).

THE STATUS OF THE DIETARY AND LIFESTYLE 
FACTORS AND THE LEVEL OF HOMOCYSTEINE IN 
PLASMA

The concentration of homocysteine in body fluids 
depends on many factors: age, sex, diet, use of certain 
drugs, abuse of caffeine, alcohol, smoking, and in the 

course of certain diseases such as kidney fail-
ure and cancer (Table 2).

Because of the association of the levels of 
plasma homocysteine with B vitamins and 
folates intake, abnormal levels of plasma ho-
mocysteine are considered as a marker of the 
nutritional status. Consumption of fruit and 
vegetables rich in folates lowers the levels of 
homocysteine in plasma (Kawashima et al., 
2007). Foods with naturally occurring folates 
are better at reducing the levels of homocyst-
eine in blood than synthetic folic acid (Bogers 
et al., 2007). Synthetic folic acid has nearly 
double the bioavailability as folates from 
food. Folic acid, folinic acid (formyltetrahy-
drofolate), and 5-methyltetrahydrofolate con-
stitute the major circulating forms of folates. 
Vitamins B12 and B6 are co-factors for en-
zymes involved in remethylation and trans-
sulferation, respectively. The most preferred 
by clinicians form of vitamin B12 is methyl-
cobalamin. In literature, cyanocobalamin and 
pyridoxine hydrochloride are the most often 
mentioned forms of vitamins B12 and B6 
(Guilliams, 2004). One of the lifestyle factors 
which increases the level of homocysteine in 
plasma is coffee. There is no relationship be-
tween the consumption of decaffeinated cof-
fee and plasma homocysteine levels (Grubben 

et al., 2000). Coffee affects the metabolism of homo-
cysteine in just a few hours after intake, and its effect 
is significant even after an overnight fast (Verhoef et al., 
2002). Another lifestyle factor that influences the level of 
homocysteine in blood is alcohol (excluding beer) (van 
der Gaag et al., 2000). In case of a single instance of 
alcohol consumption among healthy individuals result-
ing in intoxication, plasma homocysteine is not increased 
significantly. Moderate beer consumption does not con-
tribute to the changes in the levels of plasma homocyst-
eine, however, there is a positive association between 
drinking spirits and wine and the level of homocysteine 
(Lutz, 2008). Another factor which affects the level of 
homocysteine in plasma is smoking. Among smokers, 
low levels of vitamins B6, B12, and folate are observed, 
as well as elevated levels of homocysteine in plasma 
(O’Callaghan et al., 2002).

GENETIC ASPECT OF HOMOCYSTEINE

The study of genetic defects associated with Hcy met-
abolic pathways is an important aspect of hyperhomo-
cysteinemia. In this regard, the status of the C677T vari-
ant of the methylenetetrahydrofolate reductase (MTHFR) 
gene is very important. The MTHFR enzyme regulates 
folate availability and is responsible for the conversion 
of 5,10- methylenetetrahydrofolate to the 5-methyltet-
rahydrofolate (MTHF or 5MTHF). Codon 677 of the 
MTHFR gene (677C→T) causes a decrease in the ac-
tivity of the MTHFR enzyme by 60%, and an increase 
in the levels of plasma homocysteine levels, especially 
in people with low levels of B vitamins (Weisberg et al., 
1998; Hustad et al., 2007). The 677C→T is associated 
with neural tube defects, cerebrovascular and cardiovas-
cular diseases (Nakata et al., 1998; Reinhardt et al., 1998), 
as well as with psychiatric disorders (Bonig et al., 2003; 
Bjelland et al., 2003). Another important genetic aspects 
of hyperhomocysteinemia are cystathionine β-synthase 
(CBS) gene mutations. The CBS enzyme catalyzes a re-

Table 2. Factors causing hyperhomocysteinemia

Age & sex •	 Hcy	concentration	increases	with	age
•	 Hcy	concentration	is	higher	in	men	than	in	women

Lifestyle

•	 Coffee	drinking
•	 Smoking
•	 Alcohol	consumption
•	 Physical	 inactivity
•	 Stress

Diet

•	 Low	intake	of	vitamins	B2,	B6,	B12,	and	folic	acid
•	 Low	intake	of	protein
•	 High	intake	of	methionine
•	 Vegetarianism
•	 Selective	eating

Drugs
•	 Anti-diabetic	medications
•	 Anti-epilepsy	medications
•	 Contraceptive	pill

Enzyme 
errors

•	 Cystathionine	β-synthase	(CSB)
•	 Methylenetetrahydrofolate	reductase	(MTHFR)

Diseases •	 Methionine	synthase	(MS)
•	 Renal	failure
•	 Liver	failure
•	 Malabsorption	syndrome
•	 Diabetes
•	 Cancer
•	 Hypothyroidism
•	 Lymphocytic	 leukemia
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action that permanently removes homocysteine from the 
methionine pathway by diverting it to the transsulfura-
tion pathway, where vitamin B6 is needed as a co-factor. 
It was reported that there are associations between au-
tism and functional gene variants within the B vitamin-
dependent folate, methionine, and transmethylation path-
ways (Adams et al., 2007; Boris et al., 2007; James et al., 
2006; James et al., 2010). Moreover, there are data that 
use of prenatal vitamins may reduce the risk of having 
children with autism (Schmidt et al., 2011).

Genetic alterations of enzymes such as the CBS or 
MTHFR have an effect on the increases of Hcy-thiol-
actone. Hcy-thiolactone damages proteins which may 
underlie the Hcy-associated cardiovascular disease in hu-
mans (Jakubowski et al., 2001; Jakubowski et al., 2009). 
The studies of genetic hyperhomocysteinemia in humans 
in animal models show that homocysteine has an impor-
tant impact on atherothrombosis. Chwatko et al. (2007) 
presented that Hcy-thiolactone levels are elevated in hy-
perhomocysteinemic mice. They discovered that plasma 
Hcy-thiolactone is elevated 59-fold in human patients 
with hyperhomocysteinemia secondary to mutations in 
methylenetetrahydrofolate reductase and 72-fold cysta-
thionine-synthase genes, respectively.

Ramaekers et al. (2002) presented research on chil-
dren with low levels of 5-methyltetrahydrofolate in the 
cerebrospinal fluid. These children above the age of 4 
to 6 months had neurological regression. Supplementa-
tion with folic acid eliminated the symptoms. Schmidt et 
al. (2011) shows a theory that children whose mothers 
have MTHFR 677 TT, CBS genotypes and do not re-
port consuming prenatal vitamins have an increased risk 
of autism disorder.

DETERMINATION OF HOMOCYSTEINE IN BIOLOGICAL 
FLUIDS

Several methods are used to measure the level of ho-
mocysteine. As corrently pointed out in the work by 
Sawuła et al. (2008), due to the fact that a small increase 
in Hcy levels can constitute a risk factor for the cardio-
vascular disease, it is extremely important in the stud-
ies of Hcy levels to select a highly precise and accurate 
method. Such values are characterized by methods based 
on chromatography.

Among the remaining separation methods, chroma-
tographic techniques are the most useful and often ap-
plied: ion-exchange chromatography equipped with an 
amino acid analyzer, high-performance liquid chroma-
tography (HPLC) with electrochemical, fluorescent, or 
UV detection (House et al., 2000; Shoveller et al., 2004; 
Sawuła et al., 2008; Sawuła et al., 2009), liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS) (Rafii 
et al., 2007), capillary electrophoresis (Caussé et al., 1999) 
and gas chromatography-mass spectrometry (GC-MS) 
(Kałużna-Czaplińska et al., 2011a). All these methods 
have their advantages and limitations related to sensitiv-
ity, selectivity, samples derivatization, analysis reproduc-
ibility, measurement and equipment costs etc. The choice 
of the method depends mainly on its availability and the 
particular need in analysis.

VITAMIN DEFICIENCY, SUPPLEMENTATION, AND 
AUTISM

In recent years, abnormalities in the levels of amino 
acids in the human body have been identified in chil-
dren with different disorders and autism (Bongiovanni 

& Feinerman, 2003; James et al., 2004). Amino acids, 
including homocysteine, are expelled in urine and plas-
ma, and provide essential information on the diet and 
functioning of the alimentary system. Several studies on 
the neurotoxicity of homocysteine indicate that Hcy can 
induce neuronal damage and cell loss through excitotox-
icity as well as apoptosis (Sawada et al., 1982; Lee et al., 
1988; Lipton et al., 1997; Kruman et al., 2000). One of 
the reasons for this state may be the failure of cerebral 
tissue to metabolize Hcy by the betaine and transsulfura-
tion pathways, resulting in the accumulation of Hcy in 
the nervous system (Finkelstein, 1998).

Many studies have reported the beneficial effects of 
vitamin and nutritional supplements in the treatment 
of autism spectrum and other neurological disorders. 
Monitoring of homocysteine levels in various body flu-
ids gives information about possible deficiencies of vari-
ous B vitamins: B6, B12, and folic acid (Nekrassova et 
al., 2003). Refsum et al. (2004) discussed the application 
of total homocysteine (tHcy) measurements in the diag-
nosis of folate and vitamin B12 deficiencies in various 
psychiatric and neurologic disorders. High levels of ho-
mocysteine and oxidative stress are generally associated 
with neuropsychiatric disorders such as autism (Chau-
han & Chauhan, 2006; Suh et al., 2008). Homocysteine 
is a powerful excitotoxin, and its metabolism products 
cause protein damage and structural changes which gen-
erate toxic proteins and induce an autoimmune response 
(Jakubowski & Głowacki, 2011).

Table 3 shows the comparison of the level of homo-
cysteine, folate and vitamin B12 in biological fluids be-
tween autistic children and control children.

Paşca et al. (2006) were the first who discovered the 
relationship between the levels of homocysteine in se-
rum of autistic children and vitamin B12 deficiency. 
They found out that high levels of homocysteine and 
oxidative stress markers are associated with autism. Their 
studies showed statistically significant differences in tHcy 
levels and arylesterase activities of human paraoxonase 1 
(PON1) in children with autism compared to the con-
trol group. Kałużna-Czaplińska et al., (2009) identified 
potential nutritional deficits in children with autism, and 
the relationship between the diet and functioning of an 
autistic child. The analysis of daily intake of nutrients by 
autistic children based on a 7-day diet and their parents’ 
reports shows that autistic children have deficiencies of 
vitamins B6, B9, B12, and C caused by improper diets. 
The characteristics of the functioning of autistic children 
based on psychological tests and speech therapy were 
also analyzed. The studies showed that the diet of au-
tistic children should be enriched in vitamins of group 
B and vitamin C. Such an approach was rationalized by 
systematic studies based on the analysis of homocysteine 
in the urine of autistic children performed by GC-MS 
method (Kałużna-Czaplińska et al., 2011a). The levels of 
homocysteine in urine samples of autistic children were 
significantly higher than those of healthy children. The 
results were very helpful in preparing and determining 
individual diets for autistic children. It appeared that vi-
tamin supplementation reduces the levels of homocyste-
ine in the urine of autistic children (Kałużna-Czaplińska 
et al., 2011b). Moreover, the results showed that a dietary 
intake of vitamins B6, B12, and folic acid is more effec-
tive than the intake of vitamin B6 and B12 alone. The 
results lead to the recommendation of supplementing 
the diets of autistic children with vitamins B6, B12, and 
folic acid. Similar conclusions come from the paper of 
Ali et al. (2011). Supplementary intake of vitamins B6, 
B12, and folate was effective in lowering the levels of 
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blood homocysetine. Previous studies from 1981 (Lowe 
et al. 1981) showed that the level of B vitamins in bio-
logical fluids of autistic children and the levels of serum 
folate and vitamin B12 are congruous in autistic chil-
dren and the control group. These findings may result 
from the fact that more than half of the autistic children 
were treated with daily vitamin supplements containing 
B vitamins. James et al. (2004) investigated the abnormal 
metabolism of methionine and homocysteine and also 
presented the congruous level of Hcy in the plasma 
of autistic children in comparison with the control 
group. The decreased capacity for methylation associ-
ated with low levels of plasma homocysteine in chil-
dren with autism was related to the fact that 80% of 
autistic children were taking folic acid and vitamin 
B12 supplements prior to the beginning of the study. 
Such a treatment decreased the level of homocysteine 
and resulted in almost the same level of homocyst-
eine in the plasma of autistic children and the control 
group.

The fact is that nutritional supplements like B vita-
mins should not be the primary source of nutrition but 
sometimes it is difficult to get enough B vitamins from 
food. Waśkiewicz et al. (2007) presented the results of 
an inadequate intake of vitamins B6, B12, and folate in 
Polish population. 49 to 84% of the population includes 
the recommended amounts of vitamins B6, B12, and fo-
lic acid in their daily diet, while the recommended daily 
quantity of folic acid is taken only by 10% of women 
and 22% of men. Also, it is very difficult to maintain 
an adequate intake of B vitamins with a balanced diet 
for some groups like vegetarians, and it is a big problem 
in countries with no fortification of foods with B vita-
mins. It is especially difficult to get all the necessary B 
vitamins from food; therefore supplements are essential 
(Finglas et al., 2006).

According to the studies conducted by Xia et al. 
(2010), dietary habits of autistic children shows that 
most of them had inadequate intake of folic acid, vita-
mins B6, A, C, and zinc. Dietary deficiency of vitamin 
B12 was identified as the cause of partially reversible op-
tic neuropathy in 3 autistic children (Pineles et al., 2010). 
Treatment with vitamin B12 and normalization of vita-

min B12 levels resulted in the improvement of visual 
functioning of children. These investigations show that 
food selectivity and vitamin deficiency cause visual loss 
and optic atrophy. According to another report (Paul et 
al., 2007), in the case of some autistic children vitamin 
deficiencies are caused by improper dietary habits and 
increased food selectivity. Deficiencies in folic acid as 
well as vitamins B6 and B12 in the nutrition result in 
higher levels of homocysteine and an increase in some 
autistic symptoms (Williams et al., 2005). The theory of 
efficacies of nutritional supplements of vitamin B6 in 
autism-spectrum disorders was presented by Adams et 
al. (2004). His paper shows statistically significant im-
provements in sleep and gastrointestinal problems in 
autistic children compared to the placebo group. Also, 
Xia (2011) described a case of a 9-year-old boy with au-
tism who responded positively to vitamin B6 nutritional 
supplements. This diet resulted in the improvement of 
communication, sociability, cognitive awareness, and be-
havior.

The studies suggest a very important relationship be-
tween high levels of homocysteine and deficiencies of 
vitamins B: B6, B12, and folic acid for the proper func-
tioning of autistic children. The higher level of homo-
cysteine in the body fluids can be used as a marker of 
possible nutritional deficits of B vitamins.

CONCLUSIONS

The high level of serum and urinary homocysteine is 
associated with pathophysiology of autism spectrum dis-
orders and may serve as a diagnostic tool for the detec-
tion of nutrient deficiencies in the case of autistic chil-
dren. However, it should be very carefully considered 
whether abnormal levels of homocysteine are the result 
of nutritional deficiencies in children or they result from 
genetic and physiological diseases or other pathological 
conditions.

A recent report has revealed that folate or methionine 
metabolism is altered in autistic children. The cycle of 
folate-methionine can play a key role in the etiology of 
autism.

Table 3. The comparison of the level of Hcy, folate and vitamin B12 in biological fluids between autistic children and the control 
group

Metabolite Material Autistic children Control group Statistically 
significant Literature

Folate (ng/mL)
Folate (ng/mL)
Vitamin B12 (pg/mL)
Hcy (µmol/L)

serum
red blood cell 
serum
plasma

12.1 ± 9.2
304.9 ± 216.5
571.8 ± 166.1

5.8 ± 1.0

7.5 ± 5.5
284.5 ± 169.9
537.5 ± 197.8

6.4 ± 1.3

–
–
–

p < 0.01

(Lowe et al., 1981)

(James et al., 2004)

Hcy (µmol/L)
Vitamin B12 (pmol/mL)
Hcy (mmoL/moL creatinine)
Hcy (mmoL/moL creatinine)
Hcy (mmoL/moL creatinine)*
Hcy (mmoL/moL creatinine)**
Hcy (µmol/L) 
Folate (μg/L)
Vitamin B12 (pg/mL)

plasma
plasma
urine
urine
urine
urine
serum 
serum 
serum

9.83 ± 2.75
368.16 ± 154.64

2.36 ± 1.24
2.41 ± 1.10
1.13 ± 0.44
1.33 ± 0.39
20.1 ± 3.3
1.8 ± 0.4

191.1 ± 0.9

7.51 ± 0.93
–

0.76 ±0.31
0.76 ± 0.31

–
–

9.64 ± 2.1
6.1 ± 0.6

288.9 ± 1.3

p ≤ 0.01
–

p < 0.05
p < 0.05

–
–

p < 0.05 
p < 0.05 
p < 0.05

(Pasca et al., 2006)

(Kałużna-Czaplińska et al., 
2011a)
(Kałużna-Czaplińska et al., 
2011b)
(Ali et al., 2011)

*autistic children after a 3-month treatment: folic acid, vitamins B6 and B12; **autistic children after a 3-month treatment: vitamins B6 and B12.
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There is a need to confirm whether the supplementa-
tion of the deficits in folate and vitamins B6 and B12 
in the metabolism of autistic children leads to behavioral 
and functional benefits.
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