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Abstract 
Background: Global developmental delay (GDD) is a multifactorial condition, with metabolic abnormalities, 
particularly vitamin B12 deficiency, increasingly recognized as important contributors. Elevated serum 
homocysteine (Hcy) levels are a reliable biomarker for detecting vitamin B12 deficiency but remain 
underutilized in GDD evaluation. 
Objective: This study aimed to assess serum Hcy levels in children with GDD compared to age- and sex-
matched controls with normal development and explore the potential association between 
hyperhomocysteinemia and developmental delays. 
Methods: A case-control study was conducted with 70 children aged 6 months to 5 years (35 GDD cases and 35 
controls). Serum Hcy levels were measured using an immunoassay technique. Clinical and anthropometric 
profiles were recorded. Statistical analysis included Student’s t-test and Chi-square test, with significance set at 
p < 0.05. 
Results: The mean serum Hcy levels were higher in the GDD group (17.44 ± 18.08 µmol/L) compared to 
controls (12.47 ± 6.96 µmol/L), but the difference was not statistically significant (p = 0.13). 
Hyperhomocysteinemia was present in 31.43% of cases and 22.86% of controls (p = 0.42). Children with Hcy 
levels > 15 µmol/L had 1.55 times the odds of having GDD, though this association was not statistically 
significant. Anthropometric measures were significantly lower in the GDD group. 
Conclusion: Serum Hcy may serve as a useful metabolic biomarker for detecting vitamin B12 deficiency in 
children with GDD, though larger studies are needed to confirm its diagnostic value. Routine screening for Hcy 
and related metabolic markers is recommended to identify and manage potentially reversible metabolic 
conditions contributing to developmental delays. 
Keywords: Global developmental delay, vitamin B 12 metabolism, cobalamin Inborn errors of metabolism. 
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Introduction 

Global Developmental Delay (GDD) is defined as a 
significant delay (at least 2 standard deviations 
below the mean on standardized developmental 
tests) in two or more developmental domains in 
children under 5 years of age [1,2]. Prevalence of 
GDD is 1 to 3% and is reported to be increasing 
[3,4]. It is a complex condition with multifactorial 
causes, ranging from genetic and metabolic 
disorders to environmental influences [5]. Among 
these factors, metabolic abnormalities such as 
inborn errors of metabolism (IEM) are increasingly 
recognized as critical contributors to GDD. IEMs 

are of particular concern because many are 
treatable if diagnosed early. Among these, vitamin 
B12 (cobalamin) deficiency holds special 
significance due to its crucial role in 
neurometabolism. Cobalamin serves as a cofactor 
for methionine synthase and methylmalonyl-CoA 
mutase, essential enzymes for neural and metabolic 
functions [6]. Symptoms typically appear between 
2 to 12 months and include hypotonia and 
psychomotor regression, failure to thrive, lethargy 
and abnormal movements such as tremors and 
seizures [7,8]. Conventionally, serum vitamin B12 
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levels are measured to assess deficiency. However, 
these levels do not always provide reliable 
information about intracellular cobalamin status 
[6]. Instead, elevated homocysteine (Hcy) and 
methylmalonic acid (MMA) levels are more 
accurate indicators of deficiency, as both 
metabolites increase when vitamin B12 is 
insufficient [9]. Elevated Hcy levels have been 
linked to neurotoxicity and impaired neurological 
function, making it a valuable biomarker for 
diagnosing metabolic causes of developmental 
delays [10,11]. 

Despite the diagnostic value of serum Hcy testing, 
it remains underutilized in the evaluation of 
children with GDD. Understanding the role of 
homocysteine in detecting metabolic abnormalities, 
particularly vitamin B12 deficiency could offer 
opportunities for early therapeutic intervention and 
better clinical outcomes. 

This study aims to assess serum Hcy levels in 
children with GDD compared to normally 
developing controls. By investigating whether 
vitamin B12 deficiency may contribute to 
developmental delays; the study seeks to identify a 
potentially modifiable factor that could improve 
neurodevelopmental outcomes in affected children. 

Materials and Methods 

Study Design and Setting: This case-control study 
was conducted between August 2022 and July 2024 
at the Pediatric Department of MGM Medical 
College. The objective was to compare serum 
homocysteine (Hcy) levels between children with 
global developmental delay (GDD) and those with 
normal development. 

Sample Selection and Grouping: The study 
included 70 children aged 6 months to 5 years, 
comprising 35 confirmed cases of GDD and 35 
age- and sex-matched controls. Eligibility criteria 
were carefully defined for both groups. Participants 
in the GDD group were required to have a recent 
diagnosis of non-syndromic GDD based on the 
Developmental Assessment Scales for Indian 
Infants (DASII). Diagnoses were confirmed by 
clinical psychologists and geneticists with expertise 
in GDD management.  

Control participants were required to have normal 
neurodevelopmental milestones and were matched 
to cases by age and sex. Children with syndromic 
developmental delays, autism spectrum disorders, 
or other neurodevelopmental or behavioral 
conditions associated with GDD were excluded. 
Additionally, children with known metabolic or 
genetic disorders unrelated to vitamin B12 
deficiency were excluded from the study. 
Assuming that 20% of the children in the control 
group [12] have elevated homocysteine levels the 
study required a sample size of 35 for each group 

(i.e. a total sample size of 70, assuming equal group 
sizes), to achieve a power of 80% for detecting a 
difference in proportions of 30% between the two 
groups, at a one-sided p-value of 0.05. 

Data Collection Procedures 

Data collection included detailed clinical 
assessments and anthropometric measurements 
such as weight, height, and head circumference 
using standardized techniques. Clinical history, 
including perinatal events and dietary practices, 
was recorded for all participants. Blood samples 
were collected by trained pediatric nurses under 
aseptic conditions. Venipuncture was performed to 
obtain two milliliters of venous blood, which was 
collected into plain (non-additive) tubes after a 
minimum of eight hours of fasting. The blood 
samples were immediately transported to the 
central laboratory for processing. Serum was 
separated by centrifugation at 3000 rpm for 10 
minutes and stored at -80°C until analysis. Serum 
Hcy levels were measured using the VITROS 5600 
Integrated System, which utilizes an immunoassay-
based technique for detecting Hcy concentrations 
[13]. Fasting serum Hcy levels between 5 and 15 
µmol/L were considered within the normal 
reference range based on established literature [14]. 

Statistical Analysis: Statistical analyses were 
performed using SPSS software (version 25.0, IBM 
Corp., Armonk, NY, USA). Data were presented as 
means ± standard deviation (S.D.). Between-group 
comparisons of serum Hcy levels were conducted 
using Student’s unpaired t-test and percentages of 
hyperhomocysteinemia were compared using the 
Chi-square test. A p-value of <0.05 was considered 
statistically significant. 

Ethical Approval: Ethical approval for the study 
was obtained from the Ethics Committee of MGM 
Medical College (approval number: 
ECRHS/2022/135). Written informed consent was 
obtained from the parents or legal guardians of all 
participants prior to enrollment in the study, and 
the procedures were conducted in accordance with 
the principles of the Declaration of Helsinki. 

Results 

The demographic characteristics of the study 
participants are summarized in Table 1. The mean 
age at enrollment was 25.24 months (SD = 6.1) for 
the GDD group and 25.63 months (SD = 6.3) for 
the control group, with no statistically significant 
difference between the groups (p = 0.89). Gender 
distribution was comparable, with 62.9% males in 
the GDD group and 54.3% in the control group (p 
= 0.467). Consanguinity rates and dietary profiles 
also did not differ significantly between cases and 
controls (p = 0.255 and p = 0.55, respectively). 
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Clinical characteristics indicated that children in 
the GDD group were significantly more likely to 
have been delivered by lower segment cesarean 
section (LSCS) than those in the control group (p = 
0.012). However, there was no difference in 
gestational age at birth between the two groups (p = 
0.164). Nutritional status assessments revealed that 

a higher proportion of children in the GDD group 
had below-normal anthropometric measures.  

Specifically, length/height, weight, and head 
circumference were significantly lower in the GDD 
group compared to controls, with p-values of 0.07, 
0.003, and <0.001, respectively. 

Table 1: Baseline Characteristics of the Study Participants 
Variables Cases (GDD, n = 35) Controls (n = 35) P-value 
Mean age, months (SD) 25.24 (6.1) 25.63 (6.3) 0.89 
Gender, males (%) 22 (62.90) 19 (54.30) 0.467 
Consanguinity (%) 10 (28.60) 6 (17.10) 0.255 
Dietary profile, vegetarian (%) 29 (82.90) 27 (77.10) 0.55 
Mode of delivery, vaginal (%) 22 (62.90) 31 (88.60) 0.012* 
Gestation at birth, preterm (%) 4 (11.40) 1 (2.90) 0.164 
Length/height for age, < -3 SD 13 (37.10) 5 (14.30) 0.07 
Weight for age, < -3 SD 16 (45.70) 4 (11.40) 0.003* 
Head circumference, < -3 SD 14 (40.00) 1 (2.90) <0.001* 
 
The comparison of biochemical parameters 
between the two groups are shown in Table 2.  

The mean serum homocysteine levels were higher 
in the GDD group (17.44 µmol/L, SD = 18.08) 
compared to the control group (12.47 µmol/L, SD 
= 6.96), but this difference was not statistically 
significant (p = 0.13). Mean hemoglobin levels 

were comparable between the groups (10.46 g/dL 
in the GDD group and 10.41 g/dL in the control 
group, p = 0.91).  

Similarly, mean corpuscular volume (MCV) did 
not differ significantly between cases (73.73 fl, SD 
= 9.53) and controls (77.64 fl, SD = 13.32, p = 
0.16). 

Table 2: Biochemical Parameters in Study Participants 
Biochemical Parameter Cases  

(GDD, n = 35) 
Controls  
(n = 35) 

Normal Values P-value 

Serum homocysteine level  
(mmol/L, Mean ± SD) 

17.44 (18.08) 12.47 (6.96) 5-15 mmol/L 0.13 

Hemoglobin (gm/dl, Mean ± SD) 10.46 (1.55) 10.41 (2.39) >11.5 gm/dl 0.91 
Mean corpuscular volume (MCV) 
(fl, Mean ± SD) 

73.73 (9.53) 77.64 (13.32) 85-95 fl 0.16 

Hyperhomocysteinemia (defined as serum homocysteine levels >15 µmol/L) was present in 31.43% (n = 11) of 
the GDD group and 22.86% (n = 8) of the control group (Table 3). Although the odds of having GDD were 1.55 
times higher in children with homocysteine levels >15 µmol/L compared to those with levels ≤15 µmol/L, this 
difference was not statistically significant (p = 0.42). 

Table 3: Distribution of Study Population by Homocysteine Levels 
Serum Homocysteine Levels GDD Group  

(n = 35) 
Control Group  
(n = 35) 

Chi-square P-value 

≤15 µmol/L 24 (68.57%) 27 (77.14%) 0.65 
  

0.42 
  >15 µmol/L 11 (31.43%) 8 (22.86%) 

Total 35 (100%) 35 (100%) 
 
Among the children with hyperhomocysteinemia, 
six children in both groups had Hcy levels ranging 
from 16 to 30 µmol/L. additionally, two children in 
the control group and five in the GDD group had 
levels between 30 and 100 µmol/L. The difference 
between these subgroups was not statistically 
significant (p = 0.48). 
 
Discussion 

This study evaluated serum homocysteine (Hcy) 
levels as a potential metabolic biomarker in 

children with global developmental delay (GDD) 
compared to normally developing controls. While 
the mean serum Hcy levels were higher in the GDD 
group (17.44 ± 18.08 µmol/L) compared to the 
control group (12.47 ± 6.96 µmol/L), the difference 
was not statistically significant (p = 0.13). 
Hyperhomocysteinemia (defined as Hcy levels > 15 
µmol/L) was more prevalent in the GDD group 
(31.43%) than in controls (22.86%), although this 
difference did not reach statistical significance (p = 
0.42). The odds of having GDD was 1.55 times 
higher in children with elevated Hcy levels, 
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suggesting a possible association between 
metabolic imbalances and neurodevelopmental 
outcomes. 

Our analysis of basic demographic data revealed no 
significant differences in age, gender, or dietary 
habits between the case and control groups. The 
mean age at presentation was 32.77 ± 17.33 
months, ranging from 7 months to 5 years. 
Regarding gender distribution, our findings 
indicated that both groups were comparable, but 
females had approximately 1.426 times the odds of 
GDD compared to males. This contrasts with the 
Centers for Disease Control and Prevention (CDC) 
reports, which suggest that boys have a higher 
prevalence of developmental disabilities (8.15%) 
compared to girls (4.29%) [4]. However, this 
gender disparity is consistent across various types 
of developmental delays and disabilities. We found 
no evidence of a significant association between 
consanguinity and GDD. In contrast, a study by 
Nelanuthla et al. found a statistically significant 
difference in the prevalence of GDD among 
children born to consanguineous (68.35%) and 
non-consanguineous marriages (57.3%) [15]. 

Our analysis of serum homocysteine levels 
revealed a mean value of 17.44 ± 18.08 µmol/L in 
children with GDD, compared to 12.47 ± 6.96 
µmol/L in those without GDD. Although the 
difference was not statistically significant (t-test 
value: 1.52, p-value: 0.13), the higher mean level in 
the GDD group suggests a trend. Notably, 
hyperhomocysteinemia was prevalent in both 
categories of children, suggesting that occult 
vitamin B12 deficiency may be present in children 
with or without GDD. This finding is consistent 
with previous studies, such as Meena et al., which 
reported higher mean serum homocysteine and 
urinary methylmalonic acid levels in children with 
GDD with infantile spasms compared to controls 
without spasms [16].  

Elevated plasma levels of homocysteine can also be 
caused by genetic factors, such as the presence of 
variant C667T in the gene encoding 
methylenetetrahydrofolate reductase (MTHFR 
gene) in heterozygous or homozygous form, or 
combined heterozygosity of 1298A>C and 677C>T 
[17]. However, our study did not explore the 
possibility of these variants in children with 
hyperhomocysteinemia, warranting further 
investigation. Elevated homocysteine levels are 
associated with Autism Spectrum Disorder (ASD) 
and may serve as a diagnostic biomarker [18]. An 
updated systematic review and meta-analysis also 
supports elevated homocysteine levels with ASD 
[19]. 

Several observational studies highlight the 
association between vitamin B12 deficiency and 
developmental delay in children. For instance, 

Goraya et al. (2021) found that vitamin B12 
deficiency was linked to neurodevelopmental delay 
and regression in a study of pediatric cases, with 
significant developmental improvements were 
observed after treatment; these cases were 
predominantly breastfed infants whose mothers 
often had low B12 levels [13]. Studies on severe 
acute malnourished (SAM) children also 
demonstrate this link, with Adhualia et al. [20] 
finding developmental delay in 55.3% of SAM 
children and a significant association with vitamin 
B12 deficiency, and Atiq et al. [21] reporting that 
45% of children with SAM were vitamin B12 
deficient, with this deficiency significantly 
associated with developmental delay. Similarly, 
Verma et al. reported that serum vitamin B12 levels 
were significantly associated with developmental 
delay across various domains in malnourished 
children aged 6–59 months [22].  

Vitamin B12 supplementation has been shown to 
have varying effects on child development, 
depending on the age and baseline vitamin B12 
status of the. In infants, vitamin B12 
supplementation corrected biochemical 
deficiencies, such as reducing plasma 
homocysteine and methylmalonic acid levels, but 
did not directly enhance neurodevelopmental 
outcomes [23]. However, in school-aged children 
with low baseline vitamin B12 levels, 
supplementation improved cognitive and motor 
development, including memory, attention, and 
motor skills [24]. Overall, these findings highlight 
the importance of addressing vitamin B12 
deficiency early to support optimal child 
development. 

Vitamin B12 is essential for healthy brain 
development, and its deficiency can profoundly 
impact cognitive and motor functions. Its role in 
brain development is multifaceted, involving 
myelination, neurotransmitter synthesis, and the 
regulation of homocysteine levels [25,26]. Vitamin 
B12 is a critical cofactor in the production of S-
adenosylmethionine (SAM), a methyl donor 
required for myelin formation. Adequate myelin is 
necessary for efficient neuronal signaling, and its 
deficiency can lead to demyelination, impairing 
signal transmission and contributing to 
developmental delays [6,27]. Additionally, vitamin 
B12 participates in the conversion of homocysteine 
to methionine. Elevated homocysteine levels can 
induce neurotoxicity and oxidative stress, 
damaging neuronal cells and disrupting brain 
development [28,29]. Homocysteine also acts as an 
excitotoxin by over activating NMDA receptors, 
causing neuronal cell death and disrupting 
neurotransmitter balance, which is essential for 
cognitive and behavioral development [30]. These 
mechanisms underscore the importance of 
maintaining adequate vitamin B12 levels to prevent 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Mehta et al.                                      International Journal of Current Pharmaceutical Review and Research  

1159   

long-term developmental impairments and 
highlight the need for early detection and 
intervention in cases of deficiency. 

The study has several limitations. The relatively 
small sample size may have limited its statistical 
power to detect significant differences in Hcy 
levels. Additionally, the cross-sectional design 
precludes causal inferences. Important confounding 
factors such as maternal vitamin B12 status, 
breastfeeding practices, and complementary 
feeding were not controlled, which may have 
influenced the results. Future research should 
involve larger, more diverse samples and adopt 
longitudinal designs to explore the causal 
relationships between hyperhomocysteinemia, 
vitamin B12 deficiency, and developmental 
outcomes. Investigating genetic factors such as 
MTHFR polymorphisms could provide additional 
insights into the metabolic pathways contributing to 
developmental delays. 

Conclusion 

This study underscores the potential of serum 
homocysteine (Hcy) as an underutilized biomarker 
for evaluating children with global developmental 
delay (GDD). Although Hcy levels were higher in 
the GDD group compared to controls, the 
difference was not statistically significant. The 
presence of hyperhomocysteinemia in both groups 
suggests that vitamin B12 deficiency may be a 
modifiable factor even in children with normal 
development. Given the neurotoxic effects of 
elevated Hcy, routine metabolic screening, 
including assessments for Hcy and vitamin B12, is 
recommended for children with developmental 
delays to prevent or mitigate neurological 
complications. Future studies with larger sample 
sizes and longitudinal designs are needed to further 
elucidate these associations. 
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