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ABSTRACT 

Background: Global developmental delay (GDD) significantly impacts 
children’s motor, cognitive, language, and social development, with India 
bearing a high burden. Early identification of risk factors and comorbidities is 
crucial for timely interventions, yet regional data, particularly from areas like 
Rohilkhand, remain limited. This study aimed to identify risk factors and 
associated comorbidities in children with GDD presenting to a tertiary care 
teaching hospital. 

Methods: A hospital-based descriptive observational study was conducted at 
SRMS Institute of Medical Sciences, Bareilly, from May 2023 to October 2024. 
Forty-five children aged 1 month to 5 years with GDD were enrolled. Data on 
demographics, clinical examinations, developmental domains (via Denver 
Developmental Screening Test II), and diagnostic investigations 
(neuroimaging, EEG, BERA, etc.) were collected using a structured 
questionnaire. Risk factors (maternal, prenatal, perinatal, postnatal) and 
comorbidities were analyzed using descriptive statistics in Epi-Info software. 

Results: Most children were aged 13-24 months (31.11%) and male (62.22%). 
Perinatal asphyxia (46.67%) and low socioeconomic status (68.89%) were 
prominent risk factors. Common comorbidities included pallor (93.33%), 
malnutrition (82.22%), epilepsy (51.11%), and hearing impairment (42.22%). 
Neuroimaging showed abnormalities in 70.00%, primarily hypoxic-ischemic 
sequelae. All children had gross motor delay, with 88.89% exhibiting language 
delay. 

Conclusion: GDD is associated with preventable risk factors like perinatal 
asphyxia and manageable comorbidities like malnutrition, emphasizing the 
need for early screening and multidisciplinary interventions to improve 
outcomes in affected children. 

Keywords: Global Developmental Delay, Risk Factors, Comorbidities, Perinatal 
Asphyxia, Malnutrition, Neuroimaging 
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INTRODUCTION 

The early years of a child's life are pivotal for the acquisition of fundamental skills, 
encompassing motor abilities, cognitive functions, communication, social interactions, 
and sensory perceptions such as vision. Developmental milestones represent critical 
achievements that most children attain within predictable age ranges.[1] However, the 
trajectory of skill development exhibits considerable inter-individual variability.[2] 
Brain maturation is influenced not only by genetic predispositions but also by 
environmental factors, including the child's physical surroundings and interpersonal 
engagements.[3] 

Monitoring developmental progress is vital for the early detection of potential delays. 
Nonetheless, methodologies for evaluating developmental delays (DDs) differ across 
global contexts. For instance, in Germany, isolated delays are often labelled as 
"performance deficits," whereas in the United States and Canada, DDs are defined by 
onset before age 18 and impairment in at least three domains of adaptive functioning, 
such as independent living, economic self-sufficiency, learning, mobility, language skills, 
self-care, and self-direction. Prior research has predominantly examined specific delay 
subtypes, with some focusing on cognitive or intellectual impairments in targeted 
populations, while others have isolated motor or language delays. Yet, studies by 
Nicolson and Fawcett, as well as Bishop, underscore that children frequently exhibit 
overlapping delays across multiple domains.[4,5] 

In India, DD is characterized as a lag in one or more developmental areas gross motor, 
fine motor, speech and language, cognitive, social, auditory, or visual relative to age-
matched norms. This is termed "focal delay" when confined to a single domain and 
"global developmental delay" (GDD) when affecting multiple areas.[6] Most screening 
tools employed in India originate from high-income countries and are subsequently 
translated into local languages. These instruments often lack cultural relevance and may 
lose interpretive accuracy post-translation.[7] 

In 2013, India's Ministry of Health and Family Welfare launched the Rashtriya Bal 
Swasthya Karyakram (RBSK) to identify and address health issues in children from birth 
to 18 years, targeting birth defects, diseases, deficiencies, and developmental delays 
including disabilities (collectively known as the 4Ds). The program's screening tools, 
combined with early interventions, aim to improve survival rates and quality of life for 
at-risk children.[6] Early identification and intervention for DDs are cornerstone 
elements of holistic pediatric care, benefiting both the child and family.[8,9] However, 
access to early interventions remains constrained due to delayed recognition, often 
resulting in care only when functional impairments become evident.[10] 

Developmental disabilities encompass a broad spectrum of conditions arising from 
behavioral, learning, or physical impairments, typically emerging in early childhood, 
enduring lifelong, and hindering daily functioning.[11] In contrast, DD denotes a marked 
delay in achieving age-appropriate milestones. Developmental domains are 
interconnected, with gross/fine motor, language/auditory, and social skills operating 
synergistically.[1] Despite advancements in understanding and classifying childhood 
DDs, risk factor categorizations vary internationally.[12] In India, DD is defined as a 
significant lag in domains like fine/gross motor, speech/language, cognition, social 
interaction, hearing, or vision compared to peers.[1] These conditions extend beyond 
classification, profoundly affecting physical health, cognition, and behavior. Associated 
sensory impairments include intellectual disability, cerebral palsy, attention deficit 
hyperactivity disorder (ADHD), autism spectrum disorder (ASD), hearing/vision loss, 
epilepsy, and learning difficulties. 

The etiology of DDs is multifaceted, involving genetics, embryonic disruptions, late-
pregnancy/perinatal complications, postnatal illnesses, or idiopathic origins. Affected 
children face poorer health, educational, and well-being outcomes than unaffected 
peers.[1] According to the Global Research on Developmental Disorders Collaboration, 
52.9 million children under five globally had developmental disorders in 2016, with 95% 
in low- and middle-income countries. India bore the highest burden for most disorders 
except ADHD (where China led), including ASD, sensory impairments, epilepsy, and 
intellectual disabilities.[13]  

Globally, 250 million (43%) children under five fail to reach full potential due to poverty, 
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malnutrition, and inadequate stimulation.[14] DDs affect 1.5%-19.8% worldwide, with 
India's prevalence around 10%, rising post-neonatal intensive care.[11] The INCLEN 
Trust survey reported cognitive delay in 4.79%, vision impairment in 5%-10%, 
speech/language delay in 5%-8%, and hearing impairment in 5.4%.[6] Despite India's 
high GDD burden, early detection and culturally adapted tools are limited, particularly in 
regions like Rohilkhand, where research on risk factors and comorbidities is scarce. 

This study aims to identify risk factors and associated comorbidities in children with 
GDD presenting at a tertiary care teaching hospital. The objectives are to study the risk 
factors in children with GDD, and to study the comorbidities in children with GDD. 
 

MATERIALS AND METHODS 

Study Design and Setting: This hospital-based descriptive observational study was 
conducted in the Department of Pediatrics at SRMS Institute of Medical Sciences, 
Bareilly, a tertiary care teaching hospital in India. The research was carried out over an 
18-month period, from May 1, 2023, to October 31, 2024, to investigate risk factors and 
comorbidities associated with global developmental delay (GDD) in children presenting 
to the facility. The study design allowed for systematic collection of data on clinical 
presentations, etiological factors, and coexisting conditions without any interventions, 
focusing on describing patterns in this population to align with the objectives of 
identifying risk factors and comorbidities. 

Participants: Children aged between 1 month and 5 years who presented with history 
and examination suggestive of GDD were eligible for inclusion. Exclusion criteria 
encompassed critically ill or moribund patients and cases where parental consent was 
not obtained. A total of 45 participants were enrolled following approval from the 
Institutional Ethics Committee (IEC) and after securing written informed consent from 
parents or legal guardians. The sample size was calculated using the formula 4pq/e², 
where p represented the prevalence of GDD (estimated at 12% based on prior 
studies[11,15]), q was 1-p, and e was the allowable error (10%). This yielded a minimum 
sample size of 45 patients to ensure statistical reliability for the descriptive analysis. 

Data Collection: A structured questionnaire was developed based on existing literature 
and input from senior faculty in the department, incorporating sections on demographic 
details, perinatal and neonatal history, medical history, developmental milestones, 
comorbidities, and clinical examination findings. Developmental screening was 
performed using the Denver Developmental Screening Test II (DDST-II) to assess delays 
across gross motor, fine motor, language, and personal-social domains.[Annexure I] 
Global developmental delay was defined as a significant delay in two or more of the 
following domains: gross/fine motor, speech/language, cognition, social/personal, and 
activities of daily living.[1-3] Comorbidities, including autism spectrum disorder, 
attention deficit hyperactivity disorder, malnutrition, anemia, constipation, and others, 
were defined according to the Nelson Textbook of Pediatrics, 22nd Edition. Participants 
underwent a comprehensive medical history assessment, detailed clinical examination 
(including general, neurological, and anthropometric evaluations), and relevant 
diagnostic investigations such as neuroimaging (MRI or NCCT head), EEG, fundus 
examination, BERA (brainstem evoked response audiometry), thyroid profile, and 
TORCH titers where indicated. Risk factors were categorized into maternal (e.g., age >35 
years, low education/socioeconomic status, consanguinity, drug/alcohol exposure), 
prenatal (e.g., intrauterine infections, prematurity), perinatal (e.g., asphyxia, meconium 
aspiration), and postnatal (e.g., encephalitis, hypothyroidism, CNS defects) groups to 
systematically address the first objective. Comorbidities were evaluated through clinical 
assessments and investigations to fulfil the second objective, ensuring a holistic capture 
of associated conditions. Data were recorded on a pre-designed proforma [Annexure III] 
during in-person interviews with parents or caregivers in the general pediatric 
outpatient department or emergency unit, supplemented by review of medical records 
for verification. All information was subsequently transferred to a Microsoft Excel 2019 
worksheet for organization. 

A pilot study was conducted on 10% of the calculated sample size (n=5 patients) to 
evaluate the feasibility of the tools and methodology, including the proforma, consent 
forms, and diagnostic instruments. This helped refine patient selection criteria, identify 
logistical issues, and incorporate feedback to optimize the main study protocol; pilot 
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data were not included in the final analysis. To ensure validity, well-established 
diagnostic tools and standardized criteria from pediatric literature were employed, 
minimizing selection bias through strict inclusion/exclusion parameters. Reliability was 
maintained via consistent data collection methods across all participants, with clinical 
interpretations performed by departmental experts; test-retest reliability assessments 
yielded high correlation coefficients, confirming the tools' robustness. 

Ethical Considerations: The study protocol was reviewed and approved by the 
Institutional Ethics Committee (IEC) of SRMS Institute of Medical Sciences, Bareilly, 
under approval letter number SRMS/IEC/2023-001, dated April 15, 2023. Written 
informed consent was obtained from parents or legal guardians prior to enrolment, 
emphasizing voluntary participation and the right to withdraw at any time without 
repercussions. Participant identities were anonymized to protect confidentiality, and all 
data were stored securely with access restricted to authorized personnel. The research 
adhered to ethical standards, prioritizing participant well-being and minimizing any 
potential psychological or physical distress to children and caregivers. 

Data Analysis: Data entry and initial processing were performed using Microsoft Excel 
2019, followed by analysis with Epi-Info software version 7.5.1. Categorical variables 
were summarized through frequency distributions and percentages, while quantitative 
variables were expressed as means with standard deviations. Graphical representations 
were used to illustrate key findings, such as distributions of risk factors and 
comorbidities. No inferential statistics were applied, as the study was descriptive in 
nature, focusing on patterns aligned with the objectives. 
 

RESULTS 

A total of 45 children diagnosed with global developmental delay (GDD) were enrolled in 
this hospital-based descriptive observational study. The participants were 
predominantly male, with ages ranging from 1 month to 5 years. Clinical evaluations 
revealed frequent abnormalities in anthropometric measures, neurological 
examinations, and diagnostic investigations.  
 

Table 1: Demographic and Anthropometric Characteristics of Children with Global 
Developmental Delay (n=45) 

Characteristic Cases (%) 
Age (months)  

0-12 9 (20.00) 
13-24 14 (31.11) 
25-36 9 (20.00) 
37-60 13 (28.89) 

Gender  
Female 17 (37.78) 
Male 28 (62.22) 

Weight (kg)  
<10 28 (62.22) 
10-15 16 (35.56) 
15-20 1 (2.22) 

Height/Length (cm)  
50-65 5 (11.11) 
66-80 18 (40.00) 
81-95 17 (37.78) 
96-110 3 (6.67) 
>110 2 (4.44) 

Head Circumference (cm)  
31-40 6 (13.33) 
41-50 18 (40.00) 
51-60 20 (44.44) 
61-70 1 (2.22) 

Estimated Means (Advanced Summary)  
Mean Age (months) ± SD 27.07 ± 15.71 
Mean Weight (kg) ± SD 7.94 ± 3.85 
Mean Height/Length (cm) ± SD 80.81 ± 13.75 
Mean Head Circumference (cm) ± SD 49.06 ± 7.35 
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Table 2: Clinical and Neurological Examination Findings in Children with Global 
Developmental Delay (n=45) 

Examination Category Cases (%) 
General Examination  

Pallor 39 (86.67) 
Icterus 2 (4.44) 
Cyanosis 1 (2.22) 
Edema 1 (2.22) 
None 2 (4.44) 

Neurocutaneous Markers  
Café au lait spots 2 (4.44) 
Lisch nodules 1 (2.22) 
Ash leaf macules 1 (2.22) 

Dysmorphic Features*  
Microcephaly 8 (17.78) 
Macrocephaly 3 (6.67) 
Depressed nasal bridge 6 (13.33) 
Low-set ears 5 (11.11) 
Short neck 4 (8.89) 
Clinodactyly 3 (6.67) 
Shield chest 2 (4.44) 
Cataract 2 (4.44) 
Sandal gap 1 (2.22) 

Motor System  
Increased tone 28 (62.22) 
Decreased tone 6 (13.33) 
Normal tone 11 (24.44) 
Decreased power 34 (75.56) 
Normal power 11 (24.44) 

Deep Tendon Reflexes  
Grade 3 25 (55.56) 
Grade 2 16 (35.56) 
Grade 3+ 3 (6.67) 
Grade 1 1 (2.22) 

Superficial Reflexes  
Bilateral plantar extensor 31 (68.89) 
Bilateral plantar flexors 10 (22.22) 
Bilateral plantar equivocal 4 (8.89) 

CNS Examination  
Consciousness intact 45 (100.00) 
Spine normal 45 (100.00) 
Sensory system normal** 5 (11.11) 

*Some children had multiple dysmorphic features (total with any: 13 [28.89%]).  
**Sensory examination could not be formally assessed in all. 
 

Risk factors were identified across maternal, prenatal, perinatal, and postnatal 
categories, while comorbidities were common, including malnutrition, pallor, and 
epilepsy. Developmental delays were assessed across multiple domains using the Denver 
Developmental Screening Test II (DDST-II). 

The demographic and anthropometric profile showed that the majority of children were 
aged 13-24 months (31.11%), with a male predominance (62.22%). Most participants 
weighed less than 10 kg (62.22%), had heights between 66-80 cm (40.00%), and head 
circumferences of 51-60 cm (44.44%). Estimated means, calculated using midpoints of 
grouped data for advanced summarization, indicated an average age of 27.07 months, 
weight of 7.94 kg, height of 80.81 cm, and head circumference of 49.06 cm, highlighting 
growth impairments in this cohort (Table 1). 

Clinical and neurological examinations revealed pallor as the most common general 
finding (86.67%), with rare neurocutaneous markers such as café au lait spots (4.44%). 
Dysmorphic features were present in 28.89% of children, predominantly microcephaly 
(17.78%). Motor abnormalities included increased tone (62.22%) and decreased power 
(75.56%), while deep tendon reflexes were often grade 3 (55.56%), and superficial 
reflexes showed bilateral plantar extensor responses in 68.89%. All children had intact 
consciousness and normal spine, but sensory assessment was limited (Table 2). 
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Table 3: Results of Diagnostic Investigations in Children with Global 
Developmental Delay (n=45) 

Investigation Performed 
(n) 

Positive/Abnormal 
(n[%of performed]) 

Key Findings N (% of 
performed) 

Neuroimaging 40 28 (70.00) HIE sequelae white matter injury 18 (45.00)    
Diffuse cerebral atrophy 5 (12.50)    
Perinatal ischemic changes 3 (7.50)    
CNS structural defects*  2 (5.00)    
Normal 12 (30.00) 

EEG 44 23 (52.27) Generalized epilepsy 16 (36.36)    
Borderline abnormal 3 (6.82)    
Associated with seizures 2 (4.55)    
Left hemi cortical epileptiform activity 1 (2.27)    
Normal 22 (50.00) 

Fundus  
Examination 

30 3 (10.00) Optic atrophy 3 (10.00)   
Mild pigmentary changes 2 (6.67)    
Normal 25 (83.33) 

BERA 28 19 (67.86) Moderate to severe SNHL 12 (42.86)    
Mild to moderate SNHL 7 (25.00)    
Normal 9 (32.14) 

Thyroid Profile 28 3 (10.71) Abnormal (hypothyroidism) 3 (10.71) 
TORCH Titres 5 1 (20.00) Positive 1 (20.00) 

*e.g., ventriculomegaly, dysgenesis of corpus callosum 
 

Table 4: Risk Factors Associated with Global Developmental Delay (n=45) 

Risk Factor Category Cases (%) 
Maternal  

Low socioeconomic status 31 (68.89) 
Low maternal/paternal education 29 (64.44) 
History of consanguinity 12 (26.67) 
Maternal age >35 years 9 (20.00) 
Maternal valproate use 3 (6.67) 
Maternal alcohol abuse 2 (4.44) 

Prenatal  
Prematurity 2 (4.44) 
Intrauterine infection 1 (2.22) 

Perinatal*  
Perinatal asphyxia 21 (46.67) 
Meconium aspiration syndrome 5 (11.11) 
Amniotic fluid aspiration 1 (2.22) 

Postnatal  
Post-CPR complications 3 (6.67) 
Hypothyroidism 2 (4.44) 
CNS structural defects 2 (4.44) 
Post-encephalitis 1 (2.22) 
Inborn error of metabolism 1 (2.22) 

*Some children had multiple perinatal factors. 
 

Diagnostic investigations were selectively performed based on clinical indications, with 
neuroimaging showing abnormalities in 70.00% of cases, primarily hypoxic-ischemic 
encephalopathy sequelae (45.00%). EEG abnormalities were noted in 52.27%, with 
generalized epilepsy being the most frequent (36.36%). Fundus examination revealed 
optic atrophy in 10.00%, while BERA indicated sensorineural hearing loss in 67.86%, 
often moderate to severe (42.86%). Thyroid abnormalities (hypothyroidism) affected 
10.71%, and TORCH was positive in 20.00% of tested cases (Table 3). 

Risk factors were multifaceted, with maternal factors predominant, including low 
socioeconomic status (68.89%) and low parental education (64.44%). Perinatal asphyxia 
was the most common overall (46.67%), while prenatal factors like prematurity affected 
4.44%. Postnatal risks, such as hypothyroidism and CNS defects, each impacted 4.44% 
(Table 4). 

Comorbidities were highly prevalent, with pallor (93.33%) and malnutrition (82.22%) 
affecting most children. Neurological comorbidities included tone abnormalities 
(66.67%) and epilepsy (51.11%). DDST-II assessment showed universal gross motor 
delay (100.00%), followed by language delay (88.89%) (Table 5). 



Gupta M et al. 

International Journal of Medical Research│Volume 13│Issue 03│July-September 2025 41 

Table 5: Comorbidities and Developmental Domain Delays in Children with Global 
Developmental Delay (n=45) 

Specific Condition/Domain Cases (%) 
Comorbidities*  

Pallor 42 (93.33) 
Malnutrition 37 (82.22) 
Tone abnormalities 30 (66.67) 
Epilepsy (EEG) 23 (51.11) 
Spasticity 23 (51.11) 
Hearing impairment (BERA) 19 (42.22) 
Behavioural and psychiatric problems 12 (26.67) 
Constipation 10 (22.22) 
Drooling 8 (17.78) 
Hypotonia 7 (15.56) 
Swallowing defects 4 (8.89) 
ASD 3 (6.67) 
Visual problems (fundus) 3 (6.67) 

Developmental Domains (DDST-II)  
Gross motor delay 45 (100.00) 
Language delay 40 (88.89) 
Fine motor delay 30 (66.67) 
Personal-social delay 25 (55.56) 

*Some children had multiple comorbidities. 
 

DISCUSSION 

Developmental disabilities represent a heterogeneous group of conditions marked by 
impairments in physical, cognitive, or behavioral domains, often manifesting early and 
persisting lifelong, thereby influencing daily functioning. The present investigation into 
45 pediatric patients with global developmental delay (GDD) at a tertiary care teaching 
hospital provides insights into associated risk factors and comorbidities, contributing to 
the understanding of this condition in a specific regional context like Rohilkhand, India.  

The age distribution, with the highest proportion in the 13-24-month range, suggests 
that GDD often becomes clinically apparent during this period of rapid developmental 
transitions, when milestones in motor and language skills are expected to consolidate. 
This aligns with broader patterns where parental concerns prompt medical evaluation 
around toddlerhood, potentially delaying earlier interventions. Comparatively, Aggarwal 
et al.'s study encompassed children aged 2-9 years, reflecting differences in inclusion 
criteria that might capture later presentations or follow-ups.[16] Similarly, Potdukhe et 
al. noted a similar age pattern, emphasizing that early childhood evaluations are crucial 
for mitigating long-term impacts.[17] The male predominance observed could stem from 
genetic vulnerabilities, such as X-linked disorders, or sociocultural biases in a patriarchal 
society, where boys are more likely to receive medical attention, as echoed in Aggarwal 
et al.'s higher male-to-female ratio.[16] This gender disparity warrants targeted 
awareness to ensure equitable access for female children.  

Anthropometric abnormalities, including low weight and stunted height, underscore the 
interplay between GDD and nutritional deficits, possibly exacerbated by feeding 
difficulties, recurrent infections, or socioeconomic constraints. These growth 
impairments may reflect chronic malnutrition's role in compounding 
neurodevelopmental challenges, as iron deficiency can disrupt myelination and 
neurotransmitter function, per Lozoff et al.[18] Nurliyana et al.'s similar findings of 
prevalent low weight highlight the need for integrated nutritional assessments in GDD 
management to potentially enhance cognitive and motor outcomes.[19] Head 
circumference variations, often indicative of underlying brain pathology, further support 
this, with Fedri J et al. reporting comparable abnormalities that correlate with 
developmental quotients.[20] The high incidence of pallor points to anemia as a 
modifiable factor; Lozoff et al. link it to cognitive delays via iron's neurodevelopmental 
role, suggesting that routine screening and supplementation could alleviate some 
burdens in these children.[21]  

Neurological findings, such as increased muscle tone and abnormal reflexes, indicate 
central nervous system involvement, often from perinatal insults leading to spasticity or 
hyperreflexia. These motor dysfunctions imply that early physical therapy could foster 
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neuroplasticity and improve functional independence. The presence of dysmorphic 
features like microcephaly in a notable subset aligns with Michel et al.'s etiological 
analysis, where genetic and prenatal factors predominate, though our higher prevalence 
compared to McDonald et al. might reflect sample size differences or regional genetic 
predispositions. [22,23]  

Diagnostic investigations revealed a high yield of abnormalities, particularly in 
neuroimaging, which detected hypoxic-ischemic changes in many cases, underscoring 
perinatal asphyxia's etiological prominence. Kakoza-Mwesige et al.'s correlation of such 
findings with lower developmental quotients emphasizes neuroimaging's role in 
prognosticating and guiding interventions.[24] EEG abnormalities, predominantly 
generalized epilepsy, align with Van Karnebeek et al.'s reports, where early-onset 
seizures correlate with severe delays, advocating for prompt neurophysiological 
monitoring to optimize seizure control and developmental trajectories.[25] Sensory 
impairments, including sensorineural hearing loss via BERA and optic atrophy on fundus 
examination, highlight the interconnectedness of domains; unaddressed, these can 
exacerbate delays, as Rossi A et al. note, stressing early audiological and 
ophthalmological evaluations.[26]  

Risk factors analysis revealed socioeconomic determinants as key maternal influencers, 
with low status and education levels potentially limiting access to prenatal care and 
stimulation, as Torrealba et al. and Ozkan M et al. corroborate, increasing GDD risk 
through environmental deprivation.[27,28] Consanguinity and advanced maternal age 
add genetic layers, while perinatal asphyxia's dominance, consistent with Robertson and 
Finer, and Thomaidis et al., points to hypoxic-ischemic encephalopathy as a preventable 
pathway via improved obstetric practices.[29,30] Prenatal factors like prematurity, 
though less frequent, align with Yaghini et al., emphasizing antenatal monitoring.[31] 
Postnatal contributors, such as hypothyroidism, suggest endocrine screening's utility, 
per Haddow et al., to avert further developmental setbacks.[32]  

Comorbidities like malnutrition and epilepsy reflect GDD's multifaceted impact, with Tye 
et al. reporting similar overlaps in cerebral palsy cohorts, where sensory and seizure 
burdens compound outcomes.[33] Behavioral issues, as in Bauer et al., and 
gastrointestinal problems like constipation, per Cassidy C et al., indicate the need for 
holistic management integrating mental health and dietary support.[34,35] Sleep 
disturbances, though not fully assessed here, could further influence cognition, as Leader 
G et al. suggest.[36] Autism spectrum disorder's comorbidity, per Shan L et al., 
underscores overlapping neurodevelopmental spectra, advocating for integrated 
screening.[37]  

Overall, these findings illustrate GDD's complex etiology and manifestations in this 
Indian tertiary setting, mirroring global patterns but highlighting regional vulnerabilities 
like socioeconomic barriers. Explaining the results, perinatal insults likely initiate 
cascades affecting multiple domains, amplified by environmental factors, while 
comorbidities perpetuate cycles of impairment. This underscores multidisciplinary 
approaches, from preventive obstetrics to early interventions, to enhance quality of life 
and reduce societal burdens. 
 

LIMITATIONS 

The study was constrained by a small sample size of 45 participants, based on hospital 
statistics, which may limit generalizability to broader populations. Genetic evaluations 
were not feasible due to the unavailability of facilities at the institution, potentially 
missing key etiological insights. Additionally, neuroimaging was not performed in all 
cases owing to financial constraints, which could have influenced the 
comprehensiveness of diagnostic findings. 
 

CONCLUSION 

In conclusion, this study reveals that global developmental delay predominantly affects 
young males in the Rohilkhand region, with significant associations to perinatal 
asphyxia, socioeconomic disadvantages, and comorbidities like malnutrition, epilepsy, 
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and sensory impairments. These patterns emphasize the multifactorial nature of GDD, 
where early insults and environmental factors interplay to hinder development, leading 
to poorer health and functional outcomes. 

Recommendations include implementing routine early screening programs for at-risk 
children, particularly those with perinatal complications or low socioeconomic 
backgrounds, to facilitate timely diagnosis. Nutritional interventions and counselling 
should be prioritized to address prevalent deficiencies. Neuroimaging and EEG should be 
standard for suspected cases to identify treatable etiologies. Parental education and 
multidisciplinary support, including audiological and behavioral services, are essential to 
improve management and quality of life. 
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