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Outline

• Human evolution
• Gestational Diabetes

– Maternal risk
– Offspring risk

• Importance of innovative methodologies
– Learnings from birth weight studies
– Need for accurate personalized prediction
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Rank according to 
% body fat?



Saravanan; GDM; ICTS-TIFR

Humans
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Humans
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When does the
process start?
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What is GDM?

“Glucose intolerance resulting in 

hyperglycaemia (of varying severity) 

which begins or first diagnosed in 

pregnancy”

“Hyperglycaemia in pregnancy”

Currently diagnosed by OGTT 

around 28 weeks of pregnancy

Requires fasting and 2-hr sample
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Why worry about GDM?
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Doubling of GDM

Getahun et al, AJOG, 2008

Doubling of GDM in USA in 14 years
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GDM rates in 
Sweden

Ignell et al, Acta OG Scand, 2014

64% higher incidence of GDM in 10 years
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>90% of GDM happens in developing 
countries
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Pre-prediabetes?
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Adapted from Lebovitz H, Diabetes Reviews 1999
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T2D, HTn & CVD
post GDM in UK

Daly B et al, Plos Med 2018

aIRR: 21.96;
p <0.0001

aIRR: 1.85;
p <0.0001

aIRR: 2.78;
p <0.0001

aIRR: 0.95;
p = 0.87

THIN database:
>9000 GDM
>37000 Controls

Krish
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Fuel-mediated 
Teratogenesis
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Offspring effects

Saravanan P et al, Lancet DE, 2020
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At birth

Saravanan P et al Diabetic Med 2010
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In early adulthood

Clausen et al JCEM 2009

Pre-diabetes/T2D (adj. ORs):       7.76  4.46   4.02   ref 
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CVD in offspring post GDM

Yu Y et al, BMJ 2019
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Why worry about GDM?

Saravanan P et al, Lancet DE, 2020
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Why we need innovative 
methodologies?



Saravanan; GDM; ICTS-TIFRSaravanan; GDM; ICTS-TIFR

Treating GDM may be too late?

Treatment: ~50% risk reduction
2 landmark studies: Crowther et al & 

Landon et al
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Neonatal adiposity 
in GDM

Logan K  et al. Diabetes Care, 2016

Total adiposity measured by MRI Spectroscopy scan in the first 2 
weeks and then at 8-12 weeks; Well controlled GDM; n= 86
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Fetal adiposity 
precedes onset of GDM

GDMControl

Venkataraman H et al, Diabetologia 2017 
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Glucose does not explain everything!
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Birth weight 
& risk of GDM

Pima Indians Norwegian Afro-American New York 

Whincup et al, JAMA 2008

U shaped relation
 Both low and high BW association
 Intergenerational risk transmission 
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Born to GDM

Saravanan P et al Diabetic Med 2010
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Ethnic differences



Saravanan; GDM; ICTS-TIFR
Farrar et al, Lancet DE, 2015 

Ethnic specific LGA risk

Thresholds of glucose concentrations and OR ~1·75 for birthweight >90th and sum of skinfolds >90th percentiles

GDM were excluded; GDM diagnosed if FPG ≥6.1 and 2-hr ≥7.8 mmol/l (110 and 140mg/dl)
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Risk factors for GDM
• Age (lowest <20yrs)
• BMI more than 30
• Previous macrosomic baby (4.5kg)
• Previous GDM
• PCOS
• First degree relative with diabetes
• Polyhydramnios & fetal abdo circumference >97 

centile
• Certain ethnic groups:

– South Asian (India, Pakistan or Bangladesh) 
– Black & Afro-Caribbean
– Middle Eastern (Saudi Arabia, UAE, Iraq, Jordan, Syria, Oman, 

Qatar, Kuwait, Lebanon or Egypt)
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PRiDE rationale

• Known risk factors only picks up ~60% of all GDM
– Need for identification of other markers
– n=4500; 10 centres

• Damage to the offspring may have already 
happened
– Accurate early pregnancy prediction can prevent GDM
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Recruited: 4751

Eligible: 4746
Whites: 3488 (73.5%)

South Asians: 769 (16.2%)
Others:489 (10.3%)

GDM status available at OGTT: 4320a

Whites: 3188 (73.8%)
South Asians: 697 (16.1%)

Others: 435 (10.1%)
a17 GDM by other means without OGTT

Excluded: 419 (8.8%)
• Miscarried: 118 (termination 3)
• Did not attend OGTT: 165
• Declined OGTT: 4
• Not booked: 8
• Unwell during OGTT: 4
• Withdrew consent: 55
• Moved out of area: 56
• Not eligible: 9 (Reasons unknown: 3; B12 

injections: 2; Developed other diseases: 4)

Not eligible: 5
• Severe anaemia: 3
• On B12 injections: 2

Extreme preterm: 7

Study flow

Saravanan et al, Diabetologia 2021
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Baseline characteristics: 
Early pregnancy

Saravanan et al, Diabetologia 2021
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Relationship between B12-folate 
with glucose

Fasting glucose

2-hour post glucose

Spline regression
analysis

Saravanan et al, Diabetologia 2021
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p<0.0001

B12 tertileB12 tertile

p<0.0001

‘Low B12 and high folate’ with NICE-GDM ‘Low B12 and high folate’ with IADPSG-GDM

B12-folate imbalance and GDM

Saravanan et al, Diabetologia 2021
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42.3% B12 insufficiency (<220 pmol/l)
1.3% Folate deficiency
36.5% Folate excess

• Relative risk of IADPSG GDM: 14.4% lower 
• Fasting glucose: 0.06 mmol/l lower
• 2-hour glucose: 0.07 mmol/l lower

1 standard deviation (116 pmol/l) higher B12 levels

1 standard deviation (12 nmol/l) higher folate levels

At 75g oral glucose tolerance test
(n=4320; 26.8 weeks)

Early pregnancy 
(n=4746; 12.5 weeks)

• Relative risk of IADPSG GDM: 11% higher
• 2-hour glucose: 0.08 mmol/l higher

IADPSG: International Association of Diabetes and Pregnancy Study Group
GDM: Gestational Diabetes Mellitus

Summary

Saravanan et al, Diabetologia 2021
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GLP1 levels in GDM

Sukumar N et al, Diabetes 2018
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Hypertriglyceridemic 
waist and GDM

0
2
4
6
8

OR(95% CI)

Brisson D et.al, CMAJ 2010.

• Measured at 11-14 wks
• 75g OGTT at 24-28 wks
• Waist >85cms, + 

TG>1.7mM = OR 6.1
• Disturbed metabolism 

from early pregnancy
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Adiponectin

Iliodromiti S et al, Diabetologia, 2016
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Diastolic BP

Fang Q et al,  (submitted)
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Composite risk score

Fang Q et al,  (submitted)
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Need for innovation

• Adverse disease programming is complex
• Identification of novel risk predictors is 

evolving rapidly
• Ethnic variations
• Factors that affect mothers may not affect 

offspring and vice versa
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Need for innovation

• Composite risk prediction
• Personalization
• Accounting for inter- and intra individual 

variations
• Availability of better datasets



Saravanan; GDM; ICTS-TIFR

Summary

• Human evolution – Still a long way to go…
• Gestational Diabetes – Contributes to CVD 

epidemic; potentially other 
neurodevelopmental issues

• Importance of innovative methodologies – 
Complex issues & simple analyses cannot 
solve
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Conclusion - 1
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Conclusion - 2
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My funders
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Thank you
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