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Abstract
Objectives  To study the clinical profile and role of metabolic evaluation in children aged 3 mo to 2 y with global develop-
mental delay (GDD) of unclear etiology.
Methods  In this prospective study, demographic and clinical data along with first line metabolic test results [blood glucose, 
arterial blood sample analysis, renal function tests, uric acid, serum electrolytes, liver function tests (LFTs), plasma ammo-
nia, arterial blood lactate and pyruvate, urine ketone/ reducing substances] were documented and analyzed. Tandem Mass 
Spectroscopy (TMS) and Gas Chromatography and Mass Spectrometry (GC-MS) data were also analysed.
Results  Of 101 eligible children, 48 were excluded. Among 53 children included in the study, 32 (60.3%) were less than 1 y  
and 21 (39.7%) were more than 1 y. Four major developmental domains were almost equally affected in 16 (30.1%), three 
domains in 4 (7.5%) and two domains in 33 (62.4%) children. Fourteen (26.4%) children were found to have a probable 
metabolic disorder based on initial tests- 10 mitochondrial disorders, 3 organic-acidemias and 1 fatty-acid-oxidation defect. 
Further, on TMS and GC-MS tests, 11 (20.7%) had a metabolic disorder- 7 mitochondriopathies, 2 methylmalonic-aciduria, 
1 each with glutaric-acidemia and ethylmalonic-aciduria.
Conclusions  Among children with GDD of unclear etiology, metabolic errors constitute a small proportion of etiology. In 
this group early metabolic tests could identify potentially treatable conditions.

Keywords  Global developmental delay · Children · Inborn errors of metabolism

Introduction

Global developmental delay (GDD) affects 3–10% of chil-
dren below 5 y of age [1–5]. The evaluation of GDD in 
preschool children varies across centres and pediatricians 
[2, 6–9]. Metabolic causes constitute one of the causes for 
GDD that are treatable. The contribution of metabolic etiol-
ogy to global developmental delay in different studies range 
from 1–65% [1, 2, 10, 11].

Metabolic disorders lead to accumulation of substrates 
resulting in a spectrum of minor to severe neuro-psychiatric 
manifestations that often lead to lifelong disability or death 
[3]. Developmental delay may be one of the presenting com-
plaints of inborn errors of metabolism [4]. Development 

is an orderly process, thus, it is important, to identify the 
sequence of attainment of milestones, and delays [12]. Rapid 
enlargement of the brain occurs in the late months of fetal 
and early postnatal life - by birth the structure of the brain is 
complete, with head size around 70% of the expected adult 
head size, this reaches 90% of the adult head size by 2 y of 
age. Hence, first 2 y of life are the crucial period for brain 
development, during which maximum neuromotor functions 
and cognitive abilities are attained [12]. Early recognition of 
GDD and initiation of interventions in the form of stimula-
tion, treatment of associated functional impairments, physi-
otherapy and rehabilitation prevent progression of complica-
tions and improves neurological outcomes [12–15].

The history and physical examination may provide up 
to 40% of etiologic diagnosis in children with GDD and in 
the rest etiology remains often unclear [1, 5, 16, 17]. If a 
metabolic disorder is suspected clinically, there should be a 
low threshold for performing metabolic tests as some inborn 
errors of metabolism present in a very subtle manner and are 
easy-to-miss on screening tests. Selective and targeted tests 
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should be done as per recommended guidelines [6]. Tier-1 
or general metabolic tests for inborn errors of metabolism 
(IEMs) in children with unexplained GDD have been rec-
ommended even with absent clinical red flags or a nega-
tive newborn screen [5, 6]. The algorithms devised by the 
‘American Academy of Pediatrics’ (AAP), the ‘American 
Academy of Neurology’ (AAN) and the ‘Treatable Intel-
lectual Disability Endeavor’ (TIDE) protocol recommend 
these first tier tests [1, 2, 6, 18]. In this context, the present 
study was undertaken to evaluate the clinical profile and role 
of metabolic evaluation in children aged 3 mo to 2 y with 
GDD of unclear etiology.

Material and Methods

This prospective observational study was conducted in the 
Department of Pediatrics of a Medical college hospital.

Children aged 3 mo to 2 y, admitted in the Department 
of Pediatrics between March 2021 and September 2022, 
with unexplained GDD (one or more of the following: mild 
encephalopathy with or without infrequent seizures, hypo-
tonia/hypertonia, prolonged feeding time, failure to thrive, 
unexplained mild respiratory distress or infrequent vomit-
ing) were enrolled in this study. Children with history of 
transient hypoglycemia in newborn period or at presenta-
tion were also included. The study was time bound and 
included all the children fulfilling the inclusion criteria in 
the study period. Such children were admitted for a day 
or two for further evaluation, evaluation of comorbidity 
particularly hearing and vision assessment and to initiate 
specific therapy if needed. These children are mostly from 
distant places. During the admission, parents were taught 
physiotherapy and or occupational therapy as needed. 
Children with identified causes of GDD such as perinatal 
asphyxia/hypoxic ischemic encephalopathy (HIE) stage 2 
or 3, TORCH infections, post-meningitis sequelae, chro-
mosomal disorder or malformations, hypothyroidism, bili-
rubin encephalopathy, neuroregression and children who 
were already on megadoses of vitamin supplements were 
excluded. The study did not include children with acute 
presentation of encephalopathy, severe acidotic breathing, 
persistent frequent vomiting or acute unresponsive state.

Institutional Ethics Committee clearance (IEC- 
859/2020) was obtained and CTRI registration 
(CTRI/2021/04/032521) was done. Informed consents 
were obtained from the parents of the study children.

In each case, history and examination findings were 
recorded in the predesigned study proforma. All children 
underwent initial metabolic studies including blood glu-
cose, arterial blood sample analysis, renal function tests, 
uric acid, serum electrolytes, liver function tests (LFTs), 
plasma ammonia, arterial blood lactate and pyruvate, and 

urine ketone/ reducing substances. Tandem Mass Spec-
troscopy (TMS) and Gas Chromatography and Mass Spec-
trometry (GC-MS) tests when indicated were obtained 
and analysed. Electroencephalography (EEG), neuro-
imaging, ophthalmological and hearing evaluation, and 
thyroid function tests were carried out based on clinical 
indications.

Initial metabolic tests were analyzed as follows: Hypogly-
cemia: Serum glucose less than 60 mg/dL, elevated lactate: 
more than 22 mg/dL, hyperammonemia: serum ammonia 
more than 150 mcg/dL, low urea: urea less than 5 mg/dL, 
elevated lactate by pyruvate ratio: more than 50, metabolic 
acidosis: pH <7.35 with bicarbonate <18 mEq/L, high anion 
gap (AG): >16 and elevated Creatine phosphokinase (CPK): 
>260 U/L. Total bilirubin >2 mg/dL, direct bilirubin >1 mg/
dL with elevated transaminases thrice the normal (normal 
AST and ALT up to 40 IU/L) were considered suggestive of 
hepatic involvement, urine ketones +/- were considered for 
ketotic and non-ketotic hypoglycemia and urine reducing 
substances- presence/absence was considered.

From the abnormalities in the initial metabolic workup, 
following probable metabolic diagnosis were considered for 
the purpose of analysis: (1) Urea cycle disorders- hyper-
ammonemia, low urea, with or without liver function test 
abnormalities, (2) Fatty acid oxidation defect disorders- 
metabolic acidosis, hypoglycemia, absent urinary ketones, 
(3) Organic academia- acidosis, increased AG, increased 
ammonia >150 mcg/dL, hypoglycemia, (4) Galactosemia-
hypoglycemia with urinary reducing substances, (5) Mito-
chondrial disorders- increased lactate or increased L/P 
ratio >50, abnormalities in LFT, increased CPK and (6) 
Glycogen storage disorders- hypoglycemia, abnormal liver 
function tests, raised CPK and ketonuria.

Specific abnormalities found in TMS, GC-MS were cat-
egorized as normal or as one of the above disorders.

Statistical analysis was done using SPSS software version 
24. Descriptive analysis including frequency distribution 
and percentages for categorical data were used for analysis. 
There were no drop outs during the study.

Results

The study flow diagram is presented in Fig. 1. The total 
number of children fulfilling the inclusion criteria during 
the study period was 101. After exclusion, 53 children 
were further analyzed.

The demographic data of the study participants is pre-
sented in Table 1. Thirty-two (60.3%) children were less 
than 1 y and 21 (39.7%) were more than 1 y of age. The 
male: female ratio was 2.5:1. Parental consanguinity was 
present in 21 (39.6%). Of 53 children, 49 (92.4%) were 
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born at term gestation. One (1.8%) child’s sibling was 
affected with propionic acidemia.

Symptoms at presentation included feeding difficulties 
in 42 (79%), convulsions and tone abnormalities in 24 
(45.2%) each, hurried breathing, vomiting, lethargy and 
altered sensorium in 5 (7.6%) each. Developmental delay 
was predominantly fine motor in 12 (22.6%), gross motor 
in 11 (20.7%), speech and language in 9 (16.9%), personal/
social in 5 (9.4%) children. Four major domains were 
almost equally affected in 16 (30.1%) children. Absent 
neck-control was the most common presenting symptom in 
less than one-year-old children and speech delay in more 
than one-year-old children. Twenty-four (45.2%) children 
had associated seizures- generalized tonic-clonic seizure 
(GTCS) in 13 (24.5%), myoclonic in 10 (18.8%) and focal 
in one (1.8%).

Examination findings included hypertonia and exag-
gerated deep tendon reflexes (DTRs) in 22 (41.5%) each, 
hepatomegaly in 9 (16.9%), focal neurological deficits in 6 
(11.3%), tachypnea and hypotonia in 5 (9.4%) childen each. 
Microcephaly was present in 13 (24.5%) children. Dysmor-
phic features included telecanthus in 5 (9.4%) children, 
long philtrum in 2 (3.8%) children, mid facial hypoplasia 
in 4 (7.5%) children and low set ears in 2 (3.8%) children. 
Neurocutaneous markers included insignificant café au lait 
spots in 12 (22.6%) children and single ash leaf macule in 
one (1.9%) child.

Fig. 1   Study flow diagram. CMV 
Cytomegalovirus, HIE Hypoxic 
ischemic encephalopathy, VP 
Ventriculo-peritoneal

Total number of children aged 3 mo to 2 y with global 

developmental delay during the study period = 101

Excluded = 48

• Post meningitis sequelae (5)

• Hydrocephalus post VP shunt (9)

• Down syndrome (7)

• CMV positive (1)

• Hypothyroidism (1)

• Sequelae of neonatal bilirubin 

encephalopathy (5)

• Sequelae of HIE (10)

• Extreme prematurity (4)

• Did not give consent (6)

Children who underwent metabolic evaluation = 53

Table 1   Demographic characteristics of children with GDD of 
unclear etiology (n = 53)

GDD Global developmental delay

Parameter n (%)

Age
  3–6 mo 15 (28.3)
  7–12 mo 17 (32.1)
  13–18 mo 10 (18.9)
  19–24 mo 11 (20.7)

Gender
  Male 38 (71.7)
  Female 15 (28.3)

Parental consanguinity
  Present 21 (39.6)
  Absent 32 (84.4)

Gestation at birth
  Term 49 (92.4)
  Preterm 4 (7.6)

History of neonatal hypoglycemia (transient)
  Present 5 (9.4)
  Absent 48 (90.6)

Children with development delay in the family
  Present 12 (22.6)
  Absent 41 (77.4)
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Low urea (2 mg/dl) was present in one (1.8%) child, how-
ever it was not associated with hyperammonemia. Metabolic 
acidosis was present in 13 (24.5%) children, 11 (20.7%) had 
associated high anion gap. Urinary ketones were present in 4 
(9.3%) children. Hypoglycemia was present in 2 (3.7%) chil-
dren, with absent urinary ketones. Elevated lactate was present 
in 14 (26.4%) children. The lactate/pyruvate ratio was elevated 
in 10 (18.8%) children. CPK was elevated in 5 (9.4%) children. 
Initial metabolic tests were suggestive of IEM in 14 (26.4%) 
children- 10 (18.8%) mitochondrial disorders, 3 (5.6%) organic 
acidemia and one (1.8%) fatty acid oxidation defect.

TMS and GC-MS tests could be obtained only in 25 chil-
dren due to financial constraints. Eleven (20.7%) were found 
to have a metabolic disorder. Acyl carnitine was high in 2 
children, total carnitine was low in 1 child, and free carnitine 
was low in 1 child. They had associated features suggestive 
of mitochondrial disorders. One child had low free carnitine 
with elevated C5DC/C2 ratio suggestive of glutaric aciduria 
type 1 (GA-1), one child had elevated levels of total and free 
carnitine with increased C0/C16+18 ratio suggestive of CPT1 
deficiency and 5 children had elevation of multiple aminoacids 
suggestive of mitochondriopathy. On urine GC-MS, 7 children 
had elevated levels of lactic acid, pyruvic acid, ketones, fuma-
ric acid and dicarboxylates- suggesting mitochondriopathy, one 
child had grossly elevated lactic acid and 3 hydroxyglutaric 
acid, suggestive of glutaric acidemia type 1, two children had 
methylmalonic aciduria suggestive of vitamin B12 deficiency 
or dependency and one child had ethylmalonic aciduria. The 
correlation between initial and final metabolic workup in the 
study participants is presented in Table 2. The final metabolic 
work up was positive in 7 out of 11 children in whom initial 
tests were suggestive of a metabolic disorder. Final metabolic 
work up was positive in additional 4 cases in whom there were 
no clue from initial metabolic work up.

Hearing loss was present in 6 (14.2%) children (sen-
sorineural type). Vision abnormalities were present in 12 
(5.9%) children- cortical blindness in one (8.3%) child, 

optic atrophy in one (8.3%) child and refractive errors in 10  
(83.4%) children. MRI brain findings included frontotem-
poral atrophy with subdural hygroma in 7 (28%) children, 
benign enlargement of subarachnoid space (BESS) in 2 
(8%) children, partial corpus callosal agenesis in 3 (12%) 
children, and calcifications in right frontal region in 1 (4%) 
child, periventricular leukomalacia in 4 (16%) children and 
hyperintensities in globus pallidus in 1 (4%) child. Abnor-
mal EEG findings included epileptiform encephalopathy in 
3 (15%) children, encephalopathic changes in 4 (20%) chil-
dren, focal epilepsy in 6 (30%) children, generalized spike 
and wave discharges in 1 (5%) child and multifocal epilepsy 
in 3 (15%) children.

Few interesting study findings and laboratory correlation 
are presented in Table 3. Study participant 2 had associated 
left hemiparesis and impaired vision. Initial metabolic tests 
were normal. MRI brain and angiography showed encepha-
lomalacia with gliotic changes and cyst formation in the 
right frontotemporal region with mild dilatation of the right 
lateral ventricle and attenuated right middle cerebral artery. 
Study participant 38 had associated infantile spasms, sus-
tained exaggerated DTRs and ankle clonus, brain imaging 
showed periventricular hyperintensities, EEG showed right 
temporal epilepsy. The child had normal initial metabolic 
tests, vision and hearing. Study participant 45, born of sec-
ond degree consanguineous marriage, presented with infan-
tile spasms, polymorphic seizures, spasticity and exagger-
ated DTRs; initial metabolic tests showed hyperammonemia.

Discussion

Children with developmental delay cause anxiety in par-
ents and sometime remain as a challenge as no etiology 
could be found after thorough history and clinical exami-
nations. The present study aimed to find out the role of 
metabolic tests in these children with GDD of unclear eti-
ology. Neurological development is almost complete by 2 
y of age. Hence, there is a need to identify developmental 
delay and possible etiology in early life so that appropriate 
treatment and early intervention could be instituted. Sev-
eral recommendations have been formed to evaluate meta-
bolic diseases presenting with GDD [1, 2, 6, 10]. The pre-
sent study is a well conducted prospective observational 
study, reported in accordance with ‘The Strengthening 
the Reporting of Observational Studies in Epidemiology' 
(STROBE) Statement.

The male predominance in the present study sample 
agrees with existing literature [1, 4, 8, 13], due to a pos-
sible gender bias in hospitalization or due to genetic pat-
terns of inheritance preferentially affecting males [15]. A 
high degree of consanguinity (26%) also resembles other 
studies [4, 19]. Significantly higher incidence of GDD and 

Table 2   Correlation between initial and final metabolic workup in 
children with GDD of unclear etiology (n = 25)

GDD Global developmental delay

Final metabolic 
workup
Suggestive 
of metabolic 
disorder

Not suggestive of 
metabolic disorder

 Initial metabolic workup
  Suggestive of probable 

metabolic disorder 
(n = 11)

7 4

  Not suggestive of probable 
metabolic disorder 
(n = 14)

4 10
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IEM occur in children born of consanguineous marriages. 
IEMs are mostly inherited in an autosomal recessive man-
ner, which is seen with consanguineous marriages. Other 
Indian studies involving children with developmental 
delay reported seizures as a dominant symptom occur-
ring in 42.9% and 90% children respectively, mostly gen-
eralized type [4, 15]. About half the children had hearing 
abnormalities and one fifth had vision abnormalities in 
one study [9], while another study reported visual abnor-
malities in 26.4% and hearing disturbances in 16.9% chil-
dren [15].

In a study by Papavasiliou et al., a thorough physical 
examination revealed that 25% children had abnormalities 
[9]. These were mostly seen in the cardiovascular, genito-
urinary, and musculoskeletal systems. Dysmorphism was 
noted in 19.5% children and abnormal neurological exami-
nation findings were noted in 56.8% [9]. Microcephaly 
was reported in up to 55% children in other studies [4, 15].

The positive yield of metabolic testing was 0.25 to 65% 
of diagnoses in GDD in the reported literature [4, 7–9, 
16, 17, 20]. Such a wide range might be due to the small 
sample size, wide range of symptomatology and the hos-
pital level at which the patient presented to. In the pre-
sent study, the yield of initial metabolic tests was 26.4% 
and that of TMS and GC-MS tests was 20.7%. A higher 
yield was found in the present study, when compared to 
existing literature probably because it was conducted at a 
tertiary care hospital, which was the final point of referral 
with more complete evaluation and resources for the study 
participants. The detection of metabolic problems would 
definitely improve the outcome of these developmentally 
challenged children. Hence it would be recommended that 
physicians should consider metabolic evaluations posi-
tively when the etiology for GDD is unclear.

The limitations of the study include short study period 
of 18 mo with resultant small sample size. The longer study 
period would probably include the wider spectrum of yield 
and inclusion of rarer conditions. Another limitation was the 
economic constraints regarding the affordability of patients 
for Tandem Mass Spectroscopy and Gas Chromatography-
Mass Spectrometry. The study did not collect the outcome 
of children in whom the vitamin supplements were given. 
The study was also limited to a single center.

Conclusions

In children presenting with GDD of unclear etiology, a high 
degree of suspicion for metabolic disorders should be made. 
A comprehensive medical evaluation comprising detailed 
history, with special attention to consanguinity and posi-
tive family history; a meticulous physical examination with 

attention to growth and neurological examination, should 
prompt metabolic tests. The authors identified a probable 
metabolic disorder on initial metabolic tests in 26.4% of 
participants. TMS-GCMS testing confirmed a metabolic 
disorder in 20.7% of participants. Metabolic tests have their 
own role in such children. Metabolic evaluation is comple-
mentary to DNA testing in today’s time.
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