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Separating child development from 
Growth faltering and Stunting –
Taller is not always smarter



The oxidative stress theory of disease: levels of evidence and epistemological 

aspects. British Journal of Pharmacology, Volume: 174, Issue: 12, Pages: 

1784-1796, First published: 18 July 2016, DOI: (10.1111/bph.13544) 

Sufficient Causes of Tuberculosis



Etiological Fraction: Nutritional Status at 24 months 
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Risk of NDD at  24 months: By birth Characteristics and nutritional 
status at 6 months

<-2 DAZ (Yes/No)

Predictors (%) RR (95% CI)
Birth Characteristics (n=232)

PT+SGA (n=67) 13.4 2.08 (1.10-3.91)*

PT+AGA (n=223) 14.8 2.29 (1.60-3.28) §

TRM+SGA (n=704) 9.9 1.54 (1.16-2.04) †

TRM+AGA (n=1856) 6.5 Ref

Nutritional Status at 6 Months (n=235)

Stunted (n=540) 11.1 1.60 (1.20-2.13) †

Wasted (n=213) 12.7 1.82 (1.24-2.68) †

Underweight (n=457) 14.9 2.14 (1.63-2.81) §

Normal (n=2058) 7.0 Ref



Risk of NDD at  24 months: By birth Characteristics

Birth Status Total n
% NDD 

(among birth status)
% among  NDD @24 

months

PT+SGA 67 9 13.4% 4%

PT+AGA 223 33 14.8% 14%

TRM+SGA 704 70 9.9% 30%

TRM+AGA 1856 120 6.5% 52%

TOTAL 2850 232 8.1% 100%



Risk of NDD at  24 months: By nutritional status at 6 months

Birth Status Total NDD (n)
% NDD 

(among status at 6 
months)

% among  NDD @24 
months

Stunted 540 60 11% 26%

Wasted 213 27 13% 12%

Underweight 457 68 15% 29%

Normal 2058 143 7% 62%

TOTAL 3268 298 9% 100%



Newer tools for measuring child 
development



Neurodevelopmental milestones: Brain charts for the human lifespan







What drives search for newer measurements?

A) Assessment tests that are 

• Less prone to cultural bias, measurement bias. - can be tailored to 
local context

• Local standardized norms available

• Easy to administer- with minimal training

• With good predictive validity

• Relatively cheaper or freely available 

B) Assessments that could  shed light on

• How early experiences affect brain development 

• Reveal neurobiological processes affected or resilient to early 
exposures

• Relate structure to function and track improvement



• For population and programmatic level

• Valid globally

• Easy to administer with limited training

• Easy to interpret and open access

• For children aged under three years

• Takes into account- cognition, motor, language 

and socio-emotional skills

• Generate D- score/DAZ scores (Preliminary)



Electronic testing and data recording

• Laptops, tablets, and 

smartphones for conducting 

computerized cognitive tests

• Child interacts directly with the 

device 

• Child’s score calculated on the 

accuracy and speed of 

responses 

• Administered to children as 

young as age four years

Courtesy: SANGATH, DELHI





Adaptive GSED testing 



Adaptive GSED



• Adaptive and fixed test within a week

• Adaptive test D-score versus Fixed test D-score

• Leniency and user experience

• Administration time and user experience

Evaluating Adaptive GSED 
Field test

Short Form Long Form

Bangladesh 473 473

Pakistan 462 458

Tanzania 473 471



Comparison of 
Average 
Assessment time 
of GSED tools 
(full vs adaptive) 
by age group.

Mean duration (minutes)

Age Group
SF (Full)

SF 
(Adaptive)

LF (Full)
LF 

(Adaptive)

0 to 6 months 12 - 26 -

7-12 months 15 4 41 12

13-24 months 13 3 48 14

>24 months 11 3 56 17



✓Measurements made by the adaptive and fixed 

tools are unbiased and close for both SF and LF. A 

formal equivalence test confirmed these findings.

✓The adaptive test is evaluated positively and is 

easy to administer.

✓Both adaptive tests were short: 3 to 5 minutes for 

SF and 10 to 14 minutes for LF.

Conclusions



Structural MRI

Non-invasive

Provides static anatomical information

High contrast sensitivity and spatial 

resolution

Accurate mapping and comparisons of 

brain tissues (grey and white matter) and 

cortical and subcortical structures

• Comparisons of volume and 

density 

• Any diffuse changes 

Evaluated the abnormal 

development of the cerebral cortex in 

infants with global developmental 

delay

Low motor performance at 1-year corrected 

age associated with the poor visibility of 

sagittal strata on MRI done at 40 weeks of 

term-equivalent age



Functional Magnetic Resonance Imaging

Non-invasive 

Excellent spatial and good temporal resolution

Measures brain activity against specific tasks, 

reactions and stimuli

Detects changes in blood oxygenation and flow 

Produces activation maps showing which parts of 

the brain are involved in a particular mental 

process

BOLD- Blood Oxygenation Level Dependent 

signal

Functional MRI of a 12-

month-old child depicting 

visual activity in the 
striate cortex

Participants with dyslexia fail to use 

normal brain regions specialized in 

language processing, but rather use 

different areas

Decreased memory related activity in 

posterior parahippocampal gyrus as well 

as the hippocampus proper in SGA, 

compared to AGA babies



Functional Near Infrared Spectroscopy (fNIRS)

Non-invasive and relatively portable

Charts neural activity by measuring 

changes in blood oxygenation in response 

to a stimulus 

Based on differential wavelength of light 

absorbed by haemoglobin in oxy- and 

deoxy-state

Ideal for young infants; can be used from 

the newborn stage through childhood

Children (aged 4-48 months) from 

families with low maternal education 

and income showed weaker brain 

activity in working memory areas in the 

left frontal cortex.

Examined the impact of heavy use of 

tablets on preschoolers’ executive 

function; ‘non-users’ outperformed 

the ‘heavy-users’ in tasks of 

executive functions 

Courtesy: Bangladesh Early Adversity Neuroimaging (BEAN) Project



Eye tracking

Saccades

–Latency

–Amplitude (accuracy)

–Duration, velocity Fixations

–Duration

–Spatial distribution



Eye tracking

Measures looking behaviour (location, 

duration, and shifting of gaze as the child 

views pictures or videos)

Control of attention and gaze involves 

areas of brain that are also associated 

with higher level of cognition (occipital, 

temporal, parietal and frontal cortices, 

limbic system)

Likely to be affected by interventions, 

producing measurable and significant 

findings

In this randomized trial of 

docosahexaenoic acid (DHA) 

supplementation in infancy:

• No differences between intervention 

groups on Bayley scores at age 18 

months. 

• Group differences found in 

sustained attention using a visual 

habituation task 



Evoked/Event Response Potentials (ERPs)

ERPs: measured brain responses (voltage wave-forms) 

resulting from a specific sensory, cognitive, or motor stimuli

o Non-invasive 

o Electrode sensors measure 

changes in the electrical activity of 

cortical neurons

• Latency

• Amplitude (of the voltage)

• Scalp distribution

o Highly accurate temporal 

information

o Difficult to identify spatially the 

source of the activity within the 

brain

Examined impact of maternal nutrition 

supplementation initiated prior to or 

during pregnancy on ECD-No 

significant differences among the 

intervention arms for ERP potentials

Examined the effects of supplementation 

with iron on neural indices of habituation 

using auditory event-related brain 

potentials (ERPs)- No effect noted



Data Collection: PDC vs EDC



Technological Advancement: USG Machines

• Large machine size
• Operation requires a highly skilled 

and experienced sonographer.

• Portable machine, but still requires 
a full clinical setup

• Operation requires a trained 
medical personnel

• Handheld Device
• Can be operated by semi-skilled community workers
• AI based algorithm



Testing a low-cost Identification of gestational age, fetal growth restriction and 
placental insufficiency using newly developed, portable, low-cost technologies

Pilot testing a novel system 
developed by Clifford et al , 

A low-cost one-dimensional 
ultrasound audio recording 

to identify IUGR and 
placental insufficiency in 2nd

and 3rd trimester

Develop algorithms for the 
estimation of Gestational 
age, IUGR and Placental 

insufficiency based on 5-10 
mins of audio recording. 

If successful use preliminary 
data for full scale community 

testing in Pemba



Way forward

Advancements in brain health 
measurement technology 

Portable neuroimaging devices

Integration with artificial intelligence 

Long-term follow-up studies with 
data on external exposures

Interdisciplinary collaboration 

(neuroscientists, developmental 
psychologists and healthcare 

professionals)

Ethical guidelines and regulations 

Ethical frameworks for paediatric 
neuroimaging

Data privacy

Future directions


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Neurodevelopmental milestones: Brain charts for the human lifespan
	Slide 10
	Slide 11
	Slide 12: What drives search for newer measurements? 
	Slide 13
	Slide 14: Electronic testing and data recording
	Slide 15
	Slide 16: Adaptive GSED testing 
	Slide 17: Adaptive GSED
	Slide 18: Evaluating Adaptive GSED Field test
	Slide 19
	Slide 20: Conclusions
	Slide 21: Structural MRI
	Slide 22: Functional Magnetic Resonance Imaging
	Slide 23: Functional Near Infrared Spectroscopy (fNIRS)
	Slide 24: Eye tracking
	Slide 25: Eye tracking
	Slide 26: Evoked/Event Response Potentials (ERPs)
	Slide 27
	Slide 28
	Slide 29
	Slide 30: Way forward

