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Introduction

Homocysteine is an amino acid that is homologous to 
cysteine, the only difference being additional methylene 
(-CH2-) group. Its formula is HSCH2CH2CH(NH2)CO2H. 
Homocysteine is biosynthesized from methionine by the 
removal of its terminal C methyl group. Homocysteine 
can be recycled into methionine or converted into cysteine 
with the aid of B-vitamins. Deficiencies of the vitamins 
B6, B9, and B12 can lead to high serum homocysteine 
(S-homocysteine) concentration (11, 14, 15, 19, 23). The 
serum homocysteine level (S-homocysteine) is inversely 
correlated with serum folate concentration in children and 
adults (12, 14, 15, 17, 19, 20, 28). High S-homocysteine 
has been linked to cardiovascular and neurodegenerative 
disease, diabetes, thrombosis (8, 20, 23). Hyperhomo-
cysteinemia is associated with alterations in vascular 
morphology, loss of endothelial anti-thrombotic func-
tion, and induction of a procoagulant environment. Most 
known forms of damage or injury are due to homo-
cysteine-mediated oxidative stress (23). S-homocysteine 
levels in adults in industrialized countries are in the range 
of 10–15 μmol/L, while in developing countries the upper 
reference range can reach even 20 μmol/L, most prob-
ably as a result of vitamin B deficiency (29). Generally, 
the S-homocysteine levels are higher in males than in 
females (4, 12, 13, 18, 20, 24). In children and adoles-
cents, S-homocysteine levels range from 3 to 10 μmol/L 
(1–7, 9–22, 24–30). Due to the fact that the serum 

homocysteine levels are age-dependent in both children 
and adults (9, 13, 18–22, 24, 29, 30), establishment of 
proper pediatric reference values is necessary. The aim 
of our study was to establish physiologic reference val-
ues of the S-homocysteine levels in Czech children and 
adolescents aged 0–19.9 years. 

Materials and Methods

144 children (68 boys and 76 girls) aged 0 month 
through 19.9 years (mean 10.3 y ± 5.4 SD) were enrolled. 
The children were sorted into 4 age groups (Table 1). The 
children were either healthy; or did not suffer from acute 
or chronic inflammation, autoimmune disorders includ-
ing rheumatic diseases, inflammatory musculoskeletal 
disorders, inflammatory bowel disease, diabetes melli-
tus, hypercholesterolemia, epilepsy, chronic renal failure. 
All children had a  negative personal history of throm-
bosis and/or thromboembolism. All were on a  standard 
central European diet, consisting mostly of meat and car-
bohydrates. None was on a diet poor in vitamin B, nor was 
receiving doses of vitamin B exceeding recommended 
daily allowances. S-homocysteine level was evaluated by 
chemiluminescence (Immulite 2500 immunoassay system, 
Siemens Healthcare Diagnostics, Germany) and expressed 
in μmol/L. The interassay variation was 2.06% in samples 
with S-homocysteine concentration 7.43 μmol/L; 1.99% 
with S-homocysteine 10.31 μmol/L, and 1.72% with 
S-homocysteine 22.25 μmol/L, respectively. 
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Tab. 1: S-homocysteine values in children

Age (years) N
mean  

S-homocysteine  
(μmol/L)

SD
Reference  

range 
(μmol/L)

0–6.9 40 6.5 1.9 2.7–10.3
7.0–10.9 28 7.4 2.0 3.4–11.4
11.0–15.9 45 8.3 2.2 3.9–12.7
16.0–19.9 31 8.3 1.9 4.5–12.1

For statistical analysis, Sigmaplot 2.0 and Systat pro-
gramme was used. The mean values and standard deviations 
(SD) were calculated. Unpaired t-test was used to calculate 
gender-related differences and ANOVA was used to assess 
differences among different age groups. Correlation analysis 

was performed to compare the relationship between age and 
S-homocysteine level. For all results, p < 0.05 was required 
for statistical significance.

Results

The mean S-homocysteine value in the entire group 
of 144 children was 7.6 μmol/L ± 2.1 (SD). The obtained 
values sorted by age are expressed in Table 1. The S-homo-
cysteine values were highest in the 11.0–15.9 y and 
16.0–19.9 y group, respectively. The data were distributed 
homogenously. 

The S-homocysteine levels were significantly differ-
ent between the 0–6.9 y age-group and the 11.0–15.9 y and 
16.0–19.9 y age-groups (p = 0.0003 and 0.0002, respective-
ly). The differences between the 7.0–10.9 y group and the 

Fig. 1: S-homocysteine related to age
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11.0–15.9 y and 16.0–19.9 y age groups did not reach sta-
tistical significance (p = 0.08 and 0.06 respectively), same 
as the difference between the 0–6.9 y and 7.0–10.9 y group 
(p = 0.09). There was no difference between 11.0–15.9 y and 
16.0–19.9 y group (p = 0.88). The S-homocysteine levels 
did not differ between boys (7.5 μmol/L ± 1.7 SD) and girls 
(7.7 μmol/L ± 1.9 SD) (p = 0.60), neither were there any 
gender related differences within the respective age-groups. 
There was a significant correlation between S-homocysteine 
values and age (r = 0.35, p < 0.01) (Fig. 1).

Discussion

Our results represent data from paediatric population 
inclusive of neonates and infants, and shows strong age-
dependence of the serum homocysteine (Table 1, Figure 1). 
These results suggest age-dependent increase in S-homo-
cysteine with no gender related differences. Previously 
published papers regarding the paediatric S-homocysteine 
levels from different countries varied in subject numbers 
and age. 

The majority of published results revealed values of 
S-homocysteine closely similar to ours.

A 1997 Spanish study (28) comprised of 195 healthy 
subjects (112 males and 83 females; aged 2 months  – 
18  years). The median values of S-homocysteine were  
6.3 µmol/L and the 2.5 and 97.5 percentiles were  
3.7–10.3 µmol/L. S-homocysteine levels were independ-
ent of sex and in subjects 14–18 years old (n = 56) the 
medians were 7.8 µmol/L (5.2–11.3) for boys (n = 24) 
and 7.4 µmol/L (4.7–10.8) for girls (n = 32), respective-
ly. The gender difference was not statistically significant. 
The S-homocysteine increased significantly with age  
(r = 0.56; n = 195; p < 0.001). There were three age groups 
with S-homocysteine being significantly different from one 
another (p < 0.001): 2 month–10 years (n = 105; median 
5.8 µmol/L; interval 3.3–8.3), 11–15 years (n = 59; median 
6.6 µmol/L; interval 4.7–10.3), and 16–18 years (n = 31; 
median 8.1 µmol/L; interval 4.7–11.3) (28).

In a study from Canada, 29 children with chronic renal 
failure had their S-homocysteine values compared with 
healthy controls (n = 57). The controls’ mean S-homo-
cysteine concentration was 6.8 µmol/L, and the 95th 
percentile for controls was 14.0 µmol/L (15).

In a G reek study (17), the S-homocysteine levels 
measured in 524 children (275 boys and 249 girls) aged 
6–15 years old resulted in a geometric mean of 7.8 μmol/L 
for boys and 7.5 μmol/L for girls, respectively. The geomet-
ric mean S-homocysteine level was significantly (P<0.001) 
increasing with age; 6.4 μmol/L was found in the age group 
of 6–9 years, 7.2 μmol/L in the 10–12 years’ group, and 
8.5 μmol/L in the 13–15 years’ group (17).

Dutch study (27) comprised of a sample of 234 children 
aged 0–19 years. The geometric mean S-homocysteine con-
centrations were 5.1, 4.6, 6.2, 7.3 and 8.7 µmol/L in the 0–1, 
2–5, 6–10, 11–14, and 15–19 year groups, respectively.

A study performed by Tonstand et al in Norway evalu-
ated S-homocysteine in 678 children aged 8–12 years with 
a geometric mean of 5.25 μmol/L (26). 

A Belgian study involving 178 children aged 5–9 years 
revealed mean S-homocysteine level of 6.21 μmol/L (7). 

British study included 51 children (age range 
4–6.99 years) and 131 children (age range 7–10.99 years) 
with geometric means of S-homocysteine levels 5.16 and 
5.59 μmol/L, respectively (5).

In a recent Turkish study, plasma total homocysteine 
levels were measured in 2257 Turkish individuals 
(1381 men and 876 women) aged 1–90 years. In children 
and adolescents the mean plasma total homocysteine levels 
for the 1–10 and 11–20 age groups, were 6.5 and 9.6 μmol/L 
for males and 7.1 and 7.6 μmol/L in females, respectively. 
Plasma total homocysteine levels were increasing with age 
and men were found to have higher levels than women (30).

In a study from Nigeria (1), the mean S-homocysteine 
levels in a population of 182 subjects aged 10–19 years 
were lower than those in our study: 2.7 ± 2.4, 3.5 ± 3.2 
and 3.6 ± 3.2, 4.1 ± 3.6 µmol/L for the girls and boys aged 
10–14 and 15–19 years, respectively (1). However the 
standard deviations were higher and the upper reference 
ranges were therefore similar to our results. 

The results of two studies conducted in the US are of 
particular interest (10,16): In 343 children aged 5–8 years, 
the S-homocysteine geometric mean was 5.7 μmol/L (10). 

In another US study, children aged 4–5 years partici-
pated; the study population was non-Hispanic Caucasian  
(n = 73), non-Hispanic African-American (n = 99), and 
Mexican-American (n = 105), with reported geometric 
means of 4.4, 4.7, and 4.3 μmol/L, respectively (16).

In an Iranian study, 402 subjects (201 healthy males and 
201 healthy females aged >15 years) were randomly select-
ed. The mean plasma homocysteine level was significantly 
higher in men (7.3 μmol/L) than in women (6.3 μmol/l;  
P < 0.001). The geometric mean levels for ages 15–25 years 
were 5.9 μmol/L in women and 7.5 μmol/L in men, respec-
tively (9).

Some results from developing countries reveal mostly 
higher values of S-homocysteine than those obtained by us. 

In a study from Brazil with 63 children aged 1–8 years, 
S-homocysteine mean value was 8.65 μmol/L (2).

In Indian children and adolescents (n = 103) aged 
10–19 years, the mean S-homocysteine level was 11.6 ± 
0.4 µmol/L (3).

A  study from Guatemala included 180 children 
8–12  years of age, with S-homocysteine mean level of 
9.24 μmol/L; 9% of participants had S-homocysteine above 
12.0 μmol/L (21).

A recent Mexican study included 56 healthy children 
aged 2–10 years; the total homocysteine level was 9.78 ± 
1.73 μmol/L (mean ± SD). Contrary to other observa-
tions, the homocysteine levels were decreasing with age: 
10.49 ± 1.92 μmol/L in the 2.0–3.99 years’ group, 9.78 ± 
1.67  μmol/L in the 4.0–6.99 years’ group and 8.67 ± 
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1.60 μmol/L in the 7–10 years’ group. This was ascribed to 
vitamin B deficiency (6). 

Our results are very similar to the ones obtained from 
other paediatric and adolescent populations from various 
countries with different ethnical, cultural and nutritional 
background. Concerning our results, there is not a great 
interindividual variability of those values in children, 
as reflected by the standard deviation. Such an observa-
tion is further strongly in favour of establishing reference 
paediatric data, as the reproducibility of results should be 
considered as reliable, especially when taking into con-
sideration the small interindividual variability of serum 
homocysteine reference values. Our results are in accord-
ance with most of the previously published data, especially 
in terms of the age-dependency of serum homocysteine 
levels. 

In conclusion, we present the serum homocysteine pae-
diatric reference values suitable for Czech children and 
adolescents aged 0–19 years. We consider the establish-
ment of serum homocysteine reference paediatric values 
a potentially useful tool for proper evaluation of elevated 
homocysteine levels and corresponding risks in childhood.
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