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Fetal programming of diabetes 
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DJP Barker 
                       1938- 2013 

trust yourself when all  
men doubt you …. 

 

Banu Coyaji 
                       1917- 2004 

“Villages are my 
laboratories, and its 
residents my precious 

participants” 
 



Type 2 Diabetes 
The Dogma 

Susceptibility 
 

Genetic 
  

 
Precipitating Factors 

  

Obesity 
 Diet 

 Physical inactivity 
 Stress  

 

+ 



Diabetes 

www.worldmapper.org 

• 71 million patients with diabetes 
• Apparent lack of conventional risk factors 

• Young age, low BMI 



Diabetes 

www.worldmapper.org 

LBW, Under 5 undernutrition  

Lifecourse history of nutrition important ! 



“Towards Metabolic and Nutritional Health of  the Population…” 

PCS 
PCS 

CRISIS 
MODI 

WDS 
PMNS IAEA-B12 

IAEA-B12 

PCS 

50 
Birth 

1 2 3 4 8 12 30 Pre-preg 

-Size 

 

Pregnancy 

-Nutrition 

-Metabolism 

-Insulin Resistance 

6 

-Size 

-Phenotype 

-Size, composition 

-Insulin Resistance 

-CV risk 

-B12, Folate, tHcy 

 

-Characterization  

  of newly diagnosed 

  diabetic Indians 

-Size, composition 

-Insulin Resistance 

-CV risk 

40 

Time scale = age in years 

-Growth 

GDM 

3m 6m 21 

http://www.kemdiabetes.org/ 

NIH MLT 

Indo Danish 

CEIB 

NHMRC 

18 

crisis.ppt
WDS.ppt
PMNS.ppt
IAEA-B12.ppt
PCS.ppt


2 hr PG (OGTT), by  tertiles of BMI, Waist-hip Ratio 
                                               

    Diabetic Medicine 1991;8:712-717 



Thin-fat Indian 



It must be genetic! 

 

What Isn’t? 

It’s the way genes work, that 

is important 



Hertfordshire, UK 



Thrifty phenotype hypothesis 

• Type 2 diabetes is the outcome 
of the fetus and early infant 
having to be nutritionally thrifty 

 
• Hales & Barker, Diabetologia,1992 

 

• Thrifty - careful and diligent in the use of resources 

 



Forsdahl, Norway, 1977 

Growing up in poverty causes 

‘some sort of permanent damage’, 

perhaps due to a ‘nutritional 

deficit’, which left people with a 

‘lifelong vulnerability’ to aspects of 

an affluent adult lifestyle such as a 

high fat diet. 
Br J Prev Soc Med 1977;31:91-95 



Plasticity & Programming  
 “..a stimulus applied in utero 

establishes a permanent response 
in the fetus leading to enhanced 
susceptibility to later diseases “                                                                                     

Alan Lucas     

 
 

Metabolic, Nutritional, Temperature. 

 Critical periods (Windows) 

 Specificity 

 ?Epigenetic 

 ‘Stable modulation of gene expression’ 

 



Fetal programming 

Epigenetic regulation of growth and development of 
cells, tissues, organs, systems and the organism 



Proof of Concept  
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Life can only be understood backwards  
  

Soren Kierkegaard  

http://www.brainyquote.com/quotes/authors/s/soren_kierkegaard.html


Pune Maternal Nutrition Study 

Preconception Intrauterine Birth Postnatal 6 and12 y 18 y 
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Metabolic variables 
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 Small, thin mothers: 42 kg, 1.52m, 18.1 kg/m2 

 Thin-fat babies: (2.7 kg), high adiposity 

 High cord leptin, insulin, low adiponectin 

 No association with macronutrients 

 Strong asso GLVs, milk, fruits 

 Low B12 , high Hcy predict IUGR 

Fall CHD et al, 1999 

Rao S et al, J Nutr 2001 

Yajnik CS et al, IJ Ob 2003 

N Modi, Ped Res 2009 
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GLV 
p<0.005 Mean 

adjusted for gestation, sex, and maternal size 

Maternal nutrition, offspring size and IR  

2606
2620

2676

2738

2400

2500

2600

2700

2800

1 2 3 4

RCF p<0.005 

Mean 

Quartiles of RCF 

Rao S, et al, J Nutr, 2001 

Yajnik CS, APJC,N 2003 

Yajnik CS, Diabetologia 2008 
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First demonstration that maternal 
micronutrient nutrition influences 
risk of diabetes in the offspring 

 
B12 and folate are dietary methyl 

donors for 1-C metabolism 



Vegetarianism in India  
(& low vit B12 status) 

 Multigenerational 

 ‘Ahimsa’ (non-killing), Samrat Ashok  

  Religions (Jain, Hindu, Buddha) 

  Education, income & hygiene 

 Folate ‘adequacy’ diet + iatrogenic 

  Higher food intake, socio-economic status 

  NAPP (Iron 60mg, folic acid 0.5 mg) 

  Obstetric practice: high dose folate suppl (5mg-15mg) 

 





Dual - Teratogenesis 



Regulation of Gene Expression through Epigenetic Processes 

Effect of In Utero and Early-Life Conditions on Adult Health and Disease, P Gluckman et al, NEJM 2008 

Genome: Hardware 

Epigenome:Software 



Effect of In Utero and Early-Life Conditions on Adult Health and Disease, P Gluckman et al, NEJM 2008 

Genome: Hardware 

Epigenome:Software 

Agouti Mouse treated with Methyl donor cocktail 
Waterland R & Jirtle J. 2003 

 



Life can only be understood backwards  
But it must be lived forwards.  

Soren Kierkegaard  
 

http://www.brainyquote.com/quotes/authors/s/soren_kierkegaard.html


Pune Intervention Study 
ICMR-MRC 2011- 2015 

Pre-intervention 
screening
•Exclusion 

• 117 low B12, 
• 2 anemic
• 14 medical 

Newborn
• Cord blood
B12, OMICs etc

• Anthro
• Follow up

Iron and folic acid tablets as per Government of India guidelines to all groups 

Randomisation Intervention

1) B12 (2mcg)
2) B12 (2mcg)+ MMN+ milk
3) Placebo

• 557 Adolescents
• Girls (291) and boys (266)
• Physiological doses
• 3y/till first delivery

Feb-June 2012

July 2012 Vitamin Sep 2012

Protein May 2013

Interim sample  Apr 2013

Interim analysis Jun 2014

1st delivery Jun 2013

July 2014 
Married  70 
Pregnancies 37  
Delivered  22 
Currently Preg  11 
 

http://www.123rf.com/photo_9431753_vector-illustration-of-black-silhouette-of-expectant-mother.html


Summary 

• Early life environment important for life-long 
health and disease susceptibility 

• Length of gestation and growth 
• Postnatal growth 
• First 1000 days 
• T2DM phenotype: B-cell, IR 
 

 
 

• Trials ongoing 
• Primordial Prevention 
• Biochemical & molecular mechanisms 
• Influence on public health and policy 



Women, Development & Diabetes 
UN, April 2008 
www.wdf.org 
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Genome Epigenome 

Early 
Phenotypes 

Late 
Phenotypes 

Final 
Phenotype 

Disorder 

+ 

Lifecourse evolution of a phenotype 

Yajnik CS, Ann Nutr Metabol 2014 



The periconceptional period, reproduction 
and long-term health of offspring: the 
importance of one-carbon metabolism  

Regine P.M. Steegers-Theunissen, John Twigt, Valerie Pestinger, 
and Kevin D. Sinclair, 2013 


