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Background: Attention deficit hyperactivity disorder (ADHD) is a 
neurodevelopmental disorder frequently accompanied by cognitive dysfunction. 
However, the precise etiology of the cognitive impairment remains unclear. 
Homocysteine is recognized as a risk factor that contributes to cognitive 
impairment.
Objective: To explore the potential changes in serum homocysteine levels in 
children with ADHD and to evaluate its relationship with cognitive function.
Methods: In this cross-sectional and case–control study, 39 children diagnosed 
with ADHD were recruited from the outpatient clinic of the Capital Center For 
Children’s Health, Capital Medical University, along with 40 age- and sex-matched 
healthy children from the Health Care Department. Serum homocysteine levels 
were measured via the enzyme cycle method. Age and sex were incorporated 
into stratified analyses. Cognitive function in patients with ADHD was evaluated 
using the Behavior Rating Inventory of Executive Function (BRIEF).
Results: Compared with the healthy individuals, patients with ADHD exhibited 
significantly higher serum total homocysteine levels (7.20 ± 1.19 μmol/L vs. 
6.35 ± 1.11 μmol/L, p  = 0.002). This association was prominent in younger 
patients (7.21 ± 1.39 μmol/L vs. 5.84 ± 0.18 μmol/L, p = 0.001) and male patients 
(7.21 ± 1.15 μmol/L vs. 6.44 ± 1.18 μmol/L, p = 0.010). No significant correlation 
was observed between serum total homocysteine levels and BRIEF scores 
(p > 0.05).
Conclusion: The study indicates that compared to healthy individuals, patients 
with ADHD exhibit relatively high homocysteine levels, especially in younger 
and male patients. However, this study did not support a significant correlation 
between homocysteine levels and cognitive function in children with ADHD.
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1 Introduction

Attention deficit hyperactivity disorder (ADHD) is a 
neurodevelopmental disorder characterized by inappropriate 
inattention, hyperactivity, and impulsivity that are excessive relative to 
the individual’s age (1). Prevalence of ADHD among the children and 
adolescent population worldwide is approximately 5.5% (2). However, 
the incidence of ADHD varies by geographic region, sex, age, and 
comorbidities, with lower rates reported in some countries, including 
Slovenia (approx. 1%) (3, 4). Individuals with ADHD typically exhibit 
deficits in cognitive function performance, such as working memory, 
response inhibition, and planning (5). These types of cognitive 
dysfunctions often persist from childhood into adolescence, where 
they have a lasting effect on the patient’s academic and daily life (6). 
Furthermore, comorbid conditions, such as anxiety and sleep 
problems, are common and may further exacerbate cognitive 
impairments (7, 8). Pharmacotherapy, particularly the use of 
psychostimulants, is an effective treatment for ADHD core symptoms 
and cognitive dysfunction (1, 9). However, long-term use may 
be associated with potential risks to growth and an increase in the 
incidence of cardiovascular events; thus, many patients are untreated 
with stimulants (1, 9, 10). Nonpharmacological interventions such as 
cognitive behavioral therapies have also been shown to improve 
cognitive function (11). However, these therapies are often 
characterized by a slow onset of action and have limited efficacy in 
addressing the core symptoms of ADHD (11). Given the limitations 
of both pharmacological and nonpharmacological strategies, it is 
imperative to not only optimize current strategies but also to identify 
and modify risk factors for cognitive dysfunction in ADHD. Currently, 
the etiology of attention deficit-related cognitive dysfunction remains 
uncertain, and both genetic and environmental factors contribute to 
its development (12, 13). In recent years, homocysteine has been 
implicated as a risk factor for age-related cognitive decline (14–16). 
For example, a meta-analysis of Alzheimer’s disease reported that each 
5 μmol/L increase in the plasma homocysteine concentration elevates 
disease risk by 12% (15). Even among healthy geriatric cohorts, 
elevated homocysteine levels are associated with an accelerated rate of 
cognitive decline (16). In the context of ADHD, an animal study 
revealed that neonatal rats with hyperhomocysteinemia exhibited 
hyperactivity and short-term memory deficits, along with 
morphological changes in dendritic structure, which suggests that this 
model is promising for further investigations of ADHD (17). Despite 
these findings, the role of homocysteine in cognitive deficits associated 
with ADHD remains underexplored.

Several mechanisms may underlie the potential link between 
homocysteine levels and ADHD. First, homocysteine participates in 
the methionine cycle and contributes to the generation of 
S-adenosylmethionine, a key methyl donor for processes such as 
DNA modification and dopamine synthesis (18). Altered DNA 
methylation and dopamine transporter availability have been 
implicated in ADHD treatment response and pathophysiology (19). 
Second, homocysteine can promote inflammatory responses by 
upregulating proinflammatory cytokines such as interleukin-1 beta, 
tumor necrosis factor-alpha, and interleukin-6 (20, 21). These 
inflammatory mediators have also been associated with increased 
ADHD susceptibility (22). Third, homocysteine affects various 
enzymes that participate in redox reactions (23). Clinical studies 
have shown that compared with controls, individuals with ADHD 
exhibit elevated total oxidation status and oxidative stress (24). In 

addition, homocysteine levels are influenced by nutrition-related 
factors such as vitamin B6, B12, and folate levels, as well as 
demographic variables such as age and sex (18). Thus, factors that 
affect homocysteine metabolism may indirectly contribute to 
ADHD pathogenesis.

The few studies that have aimed to directly measure homocysteine 
levels in individuals with ADHD have provided inconsistent findings 
(25–28). For instance, Lukovac et al. reported significantly elevated 
homocysteine levels in children with ADHD, which correlated with 
symptom severity (25). Similarly, Miniksar et  al. (27) reported 
increased ADHD prevalence with increasing homocysteine levels. In 
contrast, one study reported significantly lower homocysteine levels 
in patients with ADHD (28). These conflicting findings imply a 
complex, potentially modulatory role for homocysteine in 
ADHD. Furthermore, the association between homocysteine and 
cognitive dysfunction in individuals with ADHD remains poorly 
understood. To our knowledge, only a few studies have examined 
homocysteine levels in relation to Wechsler Intelligence Scale scores, 
with no studies have reported significant correlations (25, 28). On the 
basis of available evidence, our study aimed to measure and compare 
serum total homocysteine levels in children with ADHD (aged 
6–18 years) against those in healthy individuals, with comparisons 
stratified by age and sex to account for the potential influence of these 
demographic factors. Furthermore, we  explored the relationship 
between serum homocysteine levels and scales of cognitive function 
in patients with ADHD.

2 Methods

2.1 Participants

Children with ADHD were recruited from the outpatients of the 
Neurology Department of Capital Center For Children’s Health, 
Capital Medical University, as the ADHD group. All patients met the 
Diagnostic and Statistical Manual of Mental Disorders, fifth edition 
criteria for ADHD, which were diagnosed by experienced 
pediatricians through in-depth clinical interviews. The other inclusion 
criteria included age of 6–18 years, willingness of the legal guardians, 
and the ability to complete the Behavior Rating Inventory of Executive 
Function (BRIEF) questionnaire. The exclusion criteria included 
intellectual disability, the presence of other mental disorders, 
endocrine disorders, gastrointestinal disease, metabolic disease, the 
use of vitamin supplements or any medications, within 2 months, that 
could have an impact on serum total homocysteine levels, and the 
previous use of any ADHD medication or other nonmedicinal 
treatments. The individuals in the healthy control group were 
recruited from the Health Care Department of Capital Center For 
Children’s Health, Capital Medical University, for routine 
examinations. They were matched by age and sex to patients with 
ADHD. All healthy participants were confirmed to have no history of 
neurodevelopmental, psychiatric, or chronic medical conditions. The 
exclusion criteria for healthy individuals included intellectual 
disability, mental disorders, endocrine disorders, gastrointestinal 
disease, metabolic disease, use of vitamin supplements, and the use of 
any medications within 2 months, which could have an impact on 
serum total homocysteine levels.

Sample size estimation was conducted with G*Power version 
3.1.9.7. For comparison of homocysteine levels between the ADHD and 
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healthy control group, given the limited and inconsistent preliminary 
evidence, a medium effect size (Cohen’s d = 0.5) was assumed. With a 
two-sided α of 0.05 and power of (1-β) at 0.8, 128 participants (64 per 
group) were needed. To conduct correlation analysis, an assumed 
correlation coefficient (r) of 0.4 was used, yielding a minimum 
requirement of 46 participants under the same error probabilities. To 
ensure robust statistical power for both objectives, the final target 
sample size was set to 128 participants, with 64 participants per group.

2.2 Assessment of cognitive function

The cognitive function in ADHD patients was evaluated using the 
parental Version of the BRIEF questionnaire, a well-validated 
instrument specifically designed to evaluate executive function (29). 
Executive function impairment is a core deficit in the cognitive 
dysfunction of ADHD (13). The BRIEF is an extensive questionnaire 
containing eighty-six items, which are summarized into two 
comprehensive indices: the Behavioral Regulation Index and the 
Metacognition Index (30). The Behavioral Regulation Index comprises 
subscales including Inhibition, Shifting, and Emotional Control, while 
the Metacognition Index comprises the Initiate, Working Memory, 
Plan/Organize, Organization of Materials, and Monitoring subscales 
(30). These two indices together form the Global Executive Composite 
(31). Parents assign scores ranging from 1 to 3 to indicate their child’s 
typical behavioral performance. The higher total score indicates a 
greater severity of executive function impairment (31).

2.3 Measurement of homocysteine levels

Venous blood samples were obtained from participants after a 12-h 
overnight fast. After collection, samples were promptly transported to 
the clinical laboratory within 1 h. Serum was separated by centrifugation 
at 3000 rpm for 15 min. The enzymatic cycling method was employed 
for the quantification of homocysteine levels, as it represents a well-
established method recommended for its high analytical specificity and 
suitability for clinical research (32). To maintain measurement accuracy, 
the detector underwent daily quality control procedures.

2.4 Statistical analysis

Statistical analyses were performed with SPSS version 26.0 and R 
version 4.5.1. Participants with less than 5% missing data were excluded 
from the final analysis. Continuous variable data are presented as 
means and standard deviations. Between-group comparisons of serum 
total homocysteine levels and age between children with ADHD and 
healthy controls were made using the Student’s t-test or the 

Mann–Whitney U test. Beyond the primary group comparisons, 
we conducted subgroup analyses to explore the potential influence of 
age and sex. Patients with ADHD were stratified by the median age into 
younger and older subgroups, and by sex into male and female 
subgroups. Within each subgroup, homocysteine levels were compared 
between the ADHD and control groups using the same statistical tests 
employed in the primary analysis. The chi-square test was used to 
evaluate differences in sex composition across the groups. Linear 
correlation analysis was used to conduct correlation analyses. If linear 
correlation analysis indicates a significant association, a regression 
analysis will subsequently be performed with homocysteine level as a 
predictor. Post hoc power analysis was conducted with G*Power 
version 3.1.9.7. Statistical significance was defined as a two-sided 
p < 0.05.

3 Results

3.1 Clinical demographics

On the basis of predefined inclusion and exclusion criteria, 10 
patients were excluded from analysis. One patient was excluded for 
having a single missing item on the BRIEF questionnaire. 79 subjects 
were ultimately included, and the characteristics are shown in Tables 1, 
2. The ADHD group comprised 39 children, with an average age of 
8.07 ± 1.17 years. The healthy control group included 40 children, 
averaging 8.13 ± 1.42 years of age. In the ADHD group, 82.05% 
(n = 32) were males, while 17.95% (n = 7) were females. In the healthy 
control group, 77.50% (n = 31) were males, and 22.50% (n = 9) were 
females. The two groups showed no significant differences in age 
(p = 0.848) and sex distribution (p = 0.615).

3.2 Serum homocysteine levels

The ADHD group demonstrated significantly higher serum total 
homocysteine levels compared to the healthy control group 
(7.20 ± 1.19 μmol/L vs. 6.35 ± 1.11 μmol/L, p = 0.002). A post hoc 
power analysis confirmed the robustness of the finding, with a high 
statistical power of 0.90. The comparison results between the two 
groups are shown in Figure 1.

3.3 Effect of age on serum homocysteine 
levels

During the recruitment phase, we  were unable to recruit a 
sufficient number of adolescents aged 11 to 18. Therefore, the final 
analytical sample was restricted to children aged 6 to 10 years. 

TABLE 1  Clinical demographics of the ADHD group and the healthy control group across age groups.

Age groups Age (mean±SD, years) p-value Sex (male/female) p-value

ADHD Controls ADHD Controls

6–8 7.10 ± 0.59 6.95 ± 0.63 0.499 16/4 17/3 1.000

8–10 9.09 ± 0.62 9.30 ± 0.90 0.584 16/3 14/6 0.451

All 8.07 ± 1.17 8.13 ± 1.42 0.848 32/7 31/9 0.615
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Participants were stratified into a younger group (age 6–8 years) and 
an older group (age 8–10 years) according to median age. As indicated 
in Table 1, no significant differences in age or sex distribution were 
observed between the ADHD group and the healthy control group 
within the 6–8-year subgroup (age: p = 0.499; sex: p = 1.000) or the 
8–10-year subgroup (age: p = 0.584; sex: p = 0.451). In the 6–8-year 
subgroup, serum homocysteine levels were higher in the ADHD 
group than in the healthy control group (7.21 ± 1.39 μmol/L vs. 
5.84 ± 0.18 μmol/L, p = 0.001). However, no statistically significant 
difference in homocysteine levels was found between the 8–10-year 
subgroups (7.18 ± 0.96 μmol/L vs. 6.86 ± 1.08 μmol/L, p = 0.336). The 
effect of age on serum homocysteine levels was shown in Figure 2.

3.4 Effects of sex on serum homocysteine 
levels

The subjects were also classified by sex, as detailed in Table 2. 
Within both male and female subgroups, no significant difference in 
age was found (Male: p  = 0.680; Female: p  = 0.334). In the male 
subgroup, serum homocysteine levels were higher in patients with 
ADHD than in healthy individuals (7.21 ± 1.15 μmol/L vs. 
6.44 ± 1.18 μmol/L, p = 0.010). Nevertheless, homocysteine levels did 
not differ significantly between the female subgroups 
(7.14 ± 1.45 μmol/L vs. 6.06 ± 0.85 μmol/L, p = 0.082). The comparison 
results of the two groups are shown in Figure 3.

3.5 Relationships between homocysteine 
levels and cognitive function

Exploratory linear correlation analyses across all eight executive 
function dimensions and three composite indices’ scores revealed no 
significant associations with serum total homocysteine levels in 
patients with ADHD (all p-values > 0.05), which indicates the absence 
of statistically significant correlations. Details are shown in Figure 4. 
The post hoc power analysis indicated less than 44% power at the 
observed effect size. Regression analysis was not performed based on 
the results of linear correlation analyses.

4 Discussion

Our study revealed that children with ADHD exhibit higher 
serum total homocysteine levels compared to healthy children. This 
association was particularly notable in males and in the younger age 
group. Our study investigated the correlation between serum 
homocysteine levels and BRIEF scores in children with ADHD. The 

results revealed no significant correlation between serum 
homocysteine levels and cognitive function (all p-values > 0.05).

4.1 Serum homocysteine levels in children 
with ADHD

Only a few studies have explored homocysteine levels in patients 
with ADHD, their findings lack consistency. Our results lend support 
to the perspective that patients with ADHD exhibit comparatively 
elevated serum total homocysteine levels. Miniksar et  al. (27) 
reported that elevated serum total homocysteine levels might 
constitute a potential risk factor in ADHD etiology. Their research 
revealed that when serum total homocysteine levels exceeded 
9.445umol/L, it could be a robust predictor of ADHD, as favorable 
and specific characteristics were observed. This is further supported 
by rodent models, in which neonatal homocysteine administration 
has been used to simulate ADHD-like phenotypes (17). However, 
some research contradicts the outcomes of our study and indicates 
that homocysteine levels are lower in both adults and children with 
ADHD (28, 33). It is hypothesized that in children with ADHD, lower 
serum levels of homocysteine might increase oxidative stress by 
reducing the levels of glutathione (28). However, the sizes of all the 
aforementioned studies were relatively limited. The possible 
explanations for the discrepant research findings could potentially 
be attributed to the relatively small sample size and the participants’ 
heterogeneity.

This study revealed distinct age- and sex-specific differences in 
homocysteine levels among children with ADHD. Increased 
homocysteine levels were primarily observed in younger age and male 
patients with ADHD, whereas no significant differences were detected 
in older patients and or in female patients. As a key intermediate in the 

TABLE 2  Clinical demographics of the ADHD group and the healthy 
control group across sex groups.

Sex ADHD Controls p-value

N Age (years) N Age (years)

Male 32 8.16 ± 1.20 31 8.08 ± 1.45 0.680

Female 7 7.67 ± 1.02 9 8.28 ± 1.37 0.344

FIGURE 1

Serum homocysteine levels in the ADHD group and the healthy 
control group.
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methionine cycle, homocysteine provides essential methyl donors for 
DNA methylation and the synthesis of neurotransmitters in the body. 
Furthermore, homocysteine can influence brain structure and function 
through multiple pathways, such as by triggering inflammatory 
responses, inducing oxidative stress, and disrupting the electron 
transport chain (20, 21, 23). Early childhood represents a critical period 
for neurodevelopment, particularly in terms of neuronal plasticity, as 

young children are more susceptible to external influences (34). With 
respect to sex differences, sex hormones, especially estrogen, have been 
shown to modulate homocysteine metabolism by improving renal 
function to promote homocysteine conversion and clearance (35). 
Estrogen may also protect against homocysteine-induced inflammatory 
damage (36). These mechanisms may explain why no significant changes 
in homocysteine levels were detected in the female subjects in this study.

FIGURE 2

Effect of age on serum homocysteine levels. Panels (A) and (B) represent the 6-8 years and 8-10 years age groups, respectively.

FIGURE 3

Effect of sex on serum homocysteine levels. Panels (A) and (B) represent the male group and female group, respectively.
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4.2 Correlation between homocysteine 
levels and cognitive function

Consistent with those of prior research, our study lacks a 
significant correlation between homocysteine levels and cognitive 
function in children with ADHD (25, 28). However, our results 
should be  interpreted cautiously, as a post-hoc power analysis 
indicated insufficient statistical power to detect moderate effects. 
Previous studies have revealed that homocysteine levels are related to 
the cognitive function underlying cognitive impairment, dementia, 
and depression (14, 37). Even among healthy elderly individuals, 
increased serum homocysteine levels could affect memory, 
psychomotor speed, and global cognitive function (16). Our study 
does not support the conclusions of previous studies in that it failed 
to detect a correlation between cognitive function and serum total 
homocysteine levels. Notably, prior studies focused on older 
populations, and few studies have surveyed children. Compared with 
younger individuals, those who are older typically exhibit higher 
levels of homocysteine, and the effect of homocysteine may 
be amplified with age (38). Previous studies have also shown that 
cognitive function impairment is likely to occur when plasma 
homocysteine levels exceed 11 μmol/L (39). In our study, we found 
that patients with ADHD exhibited higher serum total homocysteine 
levels than healthy individuals. However, these levels still fell within 
the normal physiological range and did not attain the threshold 
indicative of hyperhomocysteinemia. It can be inferred that the serum 
total homocysteine levels in patients with ADHD were not high 

enough to cause cognitive dysfunction. In addition, the effect of 
homocysteine on specific brain regions or specific cognitive functions 
is not very clear (38). The executive function adopted in this study is 
only a part of the cognitive function and may not be  affected by 
homocysteine levels.

4.3 Strengths and limitations

Our research findings must be comprehensively considered on 
the basis of the strengths and limitations. The strengths lie in the 
fact that our study included the comparative analysis of serum total 
homocysteine levels between children with ADHD and healthy 
controls, as well as the investigation into its relationship with 
cognitive ability—though no significant correlation was found. 
However, several limitations should be  considered when 
interpreting our findings. First, the relatively small sample size 
limited statistical power to detect mild to moderate significant 
correlations and increased the risk of Type II errors. Second, the 
cross-sectional nature of our study prevents us from identifying the 
causality patterns between homocysteine levels and ADHD. Third, 
the assessment of cognitive function relied on the BRIEF 
questionnaire, the potential for subjective reporting bias cannot 
be  excluded. Furthermore, the effects of other potential 
confounders, such as physical activity and specific nutrient levels 
(e.g., folate and vitamin B12), were not evaluated, which may have 
resulted in residual confounding. Thus, more objective cognitive 

FIGURE 4

Correlations of homocysteine levels with BRIEF scores.
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measures, comprehensive baseline data, and large-scale cohorts are 
needed to clarify the role of homocysteine in ADHD.

5 Conclusion

In conclusion, this study demonstrated that serum total 
homocysteine levels are elevated in children with ADHD compared to 
healthy children, especially in younger and male patients, which implies 
that serum total homocysteine could potentially be a risk factor for the 
etiology of ADHD. However, this study did not reveal a significant 
correlation between homocysteine levels and cognitive function in 
children with ADHD. Further longitudinal studies are needed to 
delineate the precise role of homocysteine in ADHD development.
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