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*Fat = Body fat % (adiposity) 
Not Obesity



• Determinants of fetal growth and body composition
• Lifecourse evolution of phenotypes

Pune Maternal Nutrition Study

1993

Preconception

Maternal 
Size

Hemo-
globin
2675

1994-96

Intrauterine

Maternal 
Size

Nutrition 
Metabolism 
Paternal size  

Metabolic variables 
Fetal growth (USG)

814

Birth

Size
Phenotype

770

Postnatal

Growth
every 

6 months
743

Bio Bank: DNA, Plasma, Urine, Buccal swabs

2000-03
2006-08
2013-14

6, 12 and18 y

Children
& parents 
Size, body 

composition 
Nutrients   

Cardiometabolic risk 
markers 
Cognition
698/723 
(96%) 

2019-

24 y

Children 
& parents 

Size, body 
composition

Nutrients
Cardiometabolic risk 
markers Genetics and 

Epigenetics
In progress, delayed by 

PandemicBio Bank: 
DNA, RNA, 

Plasma, Urine, 
Buccal swabs, 

Microbiota



Social and Nutritional Transition in the study 
area in six villages near Pune, India

1993

• Population: 220,995
• Electricity <30%
• Predominantly subsistence farming
• Drought prone
• Piped water supply <20%
• Few gadgets, basic transport
• Illiteracy common
• Low SES
• Minimum fast foods

2022
• Population: 431,896
• Electricity >90%
• Cash crop farming + wage workers
• Regular supply from a dam
• Piped water supply >80%
• Mobiles, fridges, 2- and 4-wheelers
• Graduates and professionals
• Improved SES
• Fast foods common



Distribution of Standard of Living Index (SLI) over 18 
years in study area of National Family Health Survey 

(NFHS) compared to national statistics in India
*National Family Health Survey (NFHS)

 
















          





  




Study area has observed rapid socioeconomic development over 20 years
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Double Burden of Malnutrition – Body Size measurements



Double Burden of Malnutrition – Micronutrient deficiencies

 























Double Burden of Malnutrition
Glucose intolerance (Prediabetes + Diabetes)

Mother

Father

Girls

Boys

Age
Mo: 21y
Fa: 28y



Glucose intolerance in the Pune Maternal Nutrition Study
(18y F1 generation, BMI 19 kg/m2)

Males: 40%, Females: 20%
IFG + IGT = Prediabetes

Yajnik CS et al, Diab Care 2021



Maternal pregnancy glucose
Paternal glucose (daughter)

Adiposity (male)

Short birth-length 
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Lifecourse Determinants of Glucose intolerance - 18y PMNS

 







Yajnik CS et al, Diab Care 2021



Double Burden of Malnutrition 
Underweight and Glucose intolerance

PMNS 18y F1
Boys

Glucose intolerant
Girls

Underweight

114 37 17

Underweight

102 44 87

Glucose intolerant

1/3rd glucose intolerant boys and 2/3rd girls were underweight (BMI <18.5kg/m2) 



‘Thin-Fat’ and ‘Short-Fat’ individuals are at higher risk of glucose intolerance

*Fat = Body fat %



Subtypes of Type 2 Diabetes in India (WELLGEN cohort) 

and Sweden (ANDIS cohort)

52.837.7MOD

SIRD

SIDD
67.5

26.1

SIDD

SIRD

MOD

Rashmi Prasad et al, Diabetologia 2021

Pathophysiology of type 2 diabetes in the young in LMICs is predominantly driven by insulin 
deficiency while it is driven by insulin resistance in the HICs



Mechanisms increasing risk of NCDs in double burden of malnutrition

Life is complex!
Wells, Yajnik et al, Lancet 2019



‘1000 days’ miss the preconception-periconception window of 
epigenetic programming

 

“Timing is everything” 
G Desoye et al, Lancet 2021 



Frontiers in Pediatrics, 2021



Determinants of non-communicable diseases
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