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Background 
Developmental Origins of Health and Disease (DOHAD)



Fetal Programming: 
Initial findings in 80s and early 90s

Observations that perinatal variables are 
associated with adult cardiovascular 
diseases and cancer

• Forsdahl (JECH 1976)
– Infant mortality and adult CVD

• Barker (Lancet, 1989)
– Low birth weight and adult CVD

• Hales and Barker (BMJ 1991)
– Low birth weight and T2DM

• Ekbom (Lancet 1992)
– Perinatal variables and breast cancer



Rat studies, Sheep studies

Studies at different levels: Organs, cells, organelles

Maternal malnutrition 

Foetal and infant 
malnutrition

Changes in growth, metabolism, and 
vasculature

Hypertension

Renal failure Β-cell 
reduction

Insulin resistance

Liver 
mitochondria

Backed by evidence from animal experiments



The Dohad paradigm 

Postulates the existence of time windows in the early periods of any individual’s life

when there may be susceptibility for insults or influences that latently may

determine that person’s propensity for developing specific diseases many years later



Obesity and metabolic disorder



Dutch famine winter  

From November 1944 to May 1945
(short period of transport embargo imposed on west Holland, until liberation from the occupation)



Dutch Famine
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Exposure to famine in utero and risk of  obesity later in life

Thin at birth more likely to be obese in adult life

Ravelli et al. NEJM 1976;295:349-53

Obesity
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Paper I results: Adult outcomes

All Males Females

Variable OR 95% CI OR 95% CI OR 95% CI

Obesity (BMI ≥30 

kg/m2)
1.40 1.09, 1.77 1.27 0.89, 1.81 1.43 1.01, 2.02

Impaired fasting 

glucose
0.98 0.62, 1.57 0.75 0.40, 1.41 1.41 0.69, 2.90

Dyslipidemia 0.95 0.73, 1.24 0.72 0.51, 1.03 1.22 0.80, 1.86

Reference group: participants born Pre-Depression (1925-1929)

Follow-up in 1967-1991 at the mean age of 51 years



But today high birth weight is perhaps more relevant !!

~1000 Chilean children aged 0-5y



What is the source of this variation
…and how dose it affect later growth and health

Maternal weight gain

Maternal diet

Environmental 

chemicals
Smoking

Alcohol

Other factors



Cohorts and projects

• Danish National Birth Cohort n~100.000

• Prospective birth Cohort in Aarhus Denmark (1998-

89) ~1000

• Randomized fish oil trail in China among pregnant women 

in n~5000

• Landspitali University Hospital womens birth cohort 

n~3000 (ongoing reqruitment)

• Icelandic Heart Association Longitudional Reykjavik study 

n~18.000.

• Smaller dietary observational anf  intervention studies 
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Centre leader Sjurdur F Olsen, Statens Serum Institut



Environmental exposures in early life as determinant of 

overweight and obesity

Results form the Aarhus 1988-89 birth cohort



Pregnancy

Midwife visit 

Interviews, FFQ

Blood samples

N=872 (88%)

Questionnaires (N=677, 70%)

Clinical exam (N=421, 46%)

Enrollment

Women with 

singleton 

pregnancies

N=965

Delivery

2008
30th week of 

gestation

Offspring follow-up

The Aarhus 1988-89 birth cohort

1988-1989



http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg
http://restoretherepublic.com/wp-content/uploads/2010/02/blood_sample1.jpg


• Maternal diet

• biomarkers

• Vitamin D3/D2

• Triglycerides , total cholestrol  

• Albumin

• THS, T3, T4...

• PFAAs, PCBs , DDE/DDT, HCB,

• Metabolomics (in prep.) 

• inflamotory biomarkers

– CRP, SAA, sICAM1, sVCAM1, 

Eselectin, Pselectin sICAM3, 

Thromb, IL1b, IL6, IL8, TNFa 

• Offspring at 20y 

• Anthroprometry, Semen samples

• vaginal ultrasound, reproductive

hormone, lung function, blood

pressure

• Cardriometabolic risk factors

– crp, ApoA ApoB alb, Chol (total, 

LDL, HDL), tiglicirides, insulin, 

fasting sugar HbA1c, leptin, 

adiponectin, thyroid stimulating

hormone, reproductive hormones 

....

Offspring follow up 
at ˜ 20 years
Offspring follow up 
at ˜ 20 years

biomarkers

dietary factors

socio-economic var.

lifestyle

Offspring follow up 
at ˜ 20 years
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Maternal and offspring weight



What is the source of this variation
…and how dose it affect later growth and health

Maternal weight gain

Maternal diet

Environmental 

chemicals



Early life exposures to environmental

chemicals



Results from animal studies

diethylstibestrol (DES)

Newbold RR et al Int J Androl 2008



Surface active compounds are OK

The new persitent compounds



Perfluoroalkyl Acids 

• Environmental presence :

– direct use in various fluorochemical applications

– degradation of precursor compounds (such as fluorotelomers)

v



Perfluoroalkyl Acids 

• Environmental presence :

– direct use in various fluorochemical applications

– degradation of precursor compounds (such as fluorotelomers)



Time trends
Norway – PFC levels in breast milk



Perfluorooctanoic acid (PFOA)





Offspring Characteristics

 

    
 Males  Females 

    
All offspring (mean (SD) or %) (n=320)  (n=345) 

Age (years) 19.4 (0.4)  19.4 (0.4) 

Body mass index (kg/m
2
) 22.8 (2.9)  22.2 (3.3) 

   Overweight or obese
1
 18.8%  17.7% 

Waist circumference (cm) 84.3 (9.3)  79.9 (9.4) 

    Abdominal obesity
2
 3.5%  16.2% 

    

1BMI≥25kg/m2

2Waist circumference >88cm for females and >102cm for males



Relative Risk of overweight and obesity among 

females offspring (n=345)



In utero epxosure to PFOA and offspring 

anthropometry at 20y

 

 

      
Maternal PFOA in 

quartiles (median) 

 body mass index (kg/m
2
) 

mean (95% CI) 

 waist circumference (cm) 

mean (95% CI) 

  Females 

(n=345) 

Males 

(n=320) 

 Females 

(n=345) 

Males 

(n=320) 

       
2.3 ng/mL  Referent Referent  Referent Referent 

3.2 ng/mL  0.4 (-0.6, 1.3) 0.6 (-0.3, 1.5)  1.4 (-1.4, 4.2) 1.3 (-1.5, 4.1) 

4.2 ng/mL  0.9 (-0.1, 1.9) 0.2 (-0.7, 1.1)  1.2 (-1.7, 4.0) 1.0 (-1.9, 3.8) 

5.8 ng/mL  1.6 (0.6, 2.6) 0.6 (-0.3, 1.5)  4.3 ( 1.4, 7.3) 1.3 (-1.6, 4.1) 

P valuefor trend  0.001 0.30  0.006 0.48 

       
 

No association for male offspring



Maternal concentrations of PFOA and offspring CVD 

risk factors at 20y

b: % change in biomarker per 1-ng/mL increase in PFOA 



Stabillity and confounding?

What about confounding by clustering of familial life style factors over 20 years?

What is the relevance of s small change in biomarkers of CVD risk at 20 years?



   
 Females (n=345) 

 b (95% CI) P value 

    
Unadjusted    

PFOA
1
 0.43 (0.25, 0.60) <0.0001 

    
Adjusted    

PFOA
1
 0.42 (0.25, 0.60) <0.0001 

Father considered overweight 0.99 (0.20, 1.78) 0.02 

Sibling considered overweight 1.17 (-0.02, 2.37) 0.08 

Maternal Pre-preg. BMI
3
 0.20 (0.04, 0.35) 0.01 

Birth weight
4
 0.07 (0.002 0.14) 0.04 

    
1
 change in BMI at 20y in kg/m

2
 per 1-ng/mL increase in PFOA 

Confounding by other familial risk factors



Development of a Metabolic Syndrome Score (by PCA)

An alternative for examining cardiometabolic risk factors



Cardiometabolic risk fators

• Number of samples is 422 (170 males and 252 females) 

• Included in this analysis (11 primary, 1 derived): 
– Systolic BP mean across three reg. 

– Fasting sugar

– LDLchol

– HDLchol

– tglyc

– BMI

– Waist corcumference

– LDL / HDL (a constructed ratio)

– ApoA

– ApoB

– Adiponectin

– leptin



The two main components

• Explainins 46% of the total variation

• PC1 (29%): Adiposity and associated cardiometabolic risk factors

• PC2(17%): normal weight but adverse lipid profile
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Scores on PC 2 (20.97%)

female

male

• The patterns are consistent 

between the two sexes

• There is a offset between 

but the structure is similar



Results for the PCA

1 change in z-score per 1ng/mLt increase in PFOA or PCB

Adjusted for maternal age, education, pre-pregnancy body mass index, smoking, parity, birth weight and offspring age at 

follow-up

      
 z for BMI   z for PC1 z for PC2 

 b1 (95% CI)   b1 (95% CI) b1 (95% CI) 

Females (n=322)      

PFOA 0.14 (0.08, 0.20)   0.20 (0.10, 0.30) 0.09 (0.01, 0.17) 

PCBs 0.09 (0.01, 0.18)   0.17 (0.03, 0.31) -0.02 (-0.13, 0.09) 

Males (n=170)      

PFOA 0.04 (-0.03, 0.10)   0.09 (-0.01, 0.20) 0.07 (-0.01, 0.15) 

PCBs -0.04 (-0.09, 0.02)   -0.05 (-0.15, 0.04) -0.05 (-0.13, 0.02) 

 







So what about other contaminants ?

PCBs HCB DDT
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Limitations

Offspring follow up 
at ˜ 20 years
Offspring follow up 
at ˜ 20 yearsPFOA

Offspring follow up 
at ˜ 20 years

PFOA
• Despite consistent findings in one animal and one human observational study, other studies have not 

replicated these findings. 

• Unlike those studies our opulation consisted of predominantly (92%) normal weight women.

• Exposure to PFOA could reflect unhealthy dietary habits (fast food)

• Difficult to repleicate findings of lon term-followup studies as lifestyl habits change.



In contrast to chemical exposures where we aim to 

minimize exposure and protect consumers ….. 
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We are often more relaxed about unhealthy lifestyles 

(….although the “effects“ are no better or worse)



What is the source of this variation
…and how dose it affect later growth and health

Maternal weight gain

Maternal diet

Environmental 

chemicals







Limitations

Offspring follow up 
at ˜ 20 years
Offspring follow up 
at ˜ 20 yearsGestational weight gain

Offspring follow up 
at ˜ 20 years

• Our findings are consistent with results from other similar studies.

• The relevance of GWG as a risk factor for adverse metabolic health is still far 

from clear.

• Confounding due to clustering of familial lifestyle factors is difficult to 

account for as the offspring environment is continuously changing



What is the source of this variation
…and how dose it affect later growth and health

Maternal weight gain

Maternal diet

Environmental 

chemicals



In the case of diet, adverse consequences should 

in theory only occur at the extremes



Macronutrient intake

• Protein should provide 10-20% of total energy intake (E%).

• Carbohydrates 45-60 of E%

– refined sugars < 10 E%

– fibers should be 25-35 g/day

• Fats 25-40% of total energy (E%)
– Saturated fatty acids < 10 E%

– (Cis-)monounsaturated acids 10-20 E%

– Polyunsaturated acids 5-10 E%, 
• icluding approx 1% from n-3 fatty acids



In historical context

• Much emphasis of reducing intake of saturated fat (sfa) in tthe 

1980s and 1990s due to its link with CVD

E = constant



Fats

Overall no association with offsspring anthroprometry or biomarkers of 

cardiometabolic health

(Indications of adverse associations for trans-fat)



1990s +

• Reduction in saturated fat, was unfortunately 

compensated by increase in charbohydrates of 

poor quality



Carbohydrates

Maternal diet high of glycemic Index during pregnancy was associated with 

↑ Leptin, insuling and HOMA-IR in the offspring at age 20y. 

Few suspected cases of gestational diebetes were partly driving this association



An now everyone is in love with proteins
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Maternal Protein intake durng pregnany – what do 

we know? 

• The Harlem trail: A RCT of 

nutritional supplementation 

conducted in 1976 in New 

York City

• Low income population 

(n=770)

• Control, balanced, high 

(~20%E) protein



The Harlem Trail

• Aim of study was to increase birth weight and influence the
postnatal development of the offspring of mothers at high risk of 
having low birth weight infants

• 3-arm beverage supplemental trail:
– Controls: received no protein supplementation

– Complimental group: received balanced protein supplementation 
(6g/day casein) 

– Supplemental group:  received high protein supplementation (40g day 
casein)

• All three groups all received micronutrient supplementation 



The Harlem Trail

• High protein supplementation 

– excess of early preterm births and associated neonatal deaths

– Significant growth retardation up to week 37 of gestation

– borderline (not formally) significant



Preliminary results: Protein intake in the Danish National birth cohort (1996-

2002) and the Norwegian mother and child cohort study (1988-2008)

Distribution of study participants with respect to protein (%E) intake 

as estimated by the FFQs (n=122532) 

        
Protein 
intake 
(%E) 

Combined cohorts  DK NO  

 N %  % %  

<10% 752 0.6  0.7 0.5 below recommendation 
10-14% 28775 23.5  23.1 23.9  
14-16% 42991 35.1  32.2 37.9 used as referent 
16-18% 33281 27.2  27.6 26.8  
18-20% 12718 10.4  12.0 8.8  
>20% 4015 3.3  4.4 2.2 exceeds recommendation 
       
 



Low birth weight (LBW)

High (>20%E) protein density 

was not associted with LBW

Low protein density (<10%) 

was associated with  68% 

increase odds of LBW. Only 

752 (0.6%) had such low 

intake. 

Protein (%E)



Preterm delivery

• Comparde to those with 

protein density between 

14-16% odds of preterm 

delivery increased at 

higher intakes

• A modest 20% 

(significant) increased 

odds of preterm at for 

>20%E

• OR in DNBC: 1.20

• OR in MoBa: 1.19



Macronturient intake in week 30 of gestation in the 

Aarhus 1988-89 cohort

    
  Percentiles  
 10th 50th 90th 

Protein (%E) 13 16 20 
Carbohydrates (%E) 44 51 57 
    Added sugars (%E) 3 7 14 
    Fibers (grams) 16 24 33 
Total fat (%E) 24 32 40 
    Saturated fat (%E) 10 14 19 
    mono-unsaturated fat (%E) 7 9 11 
    Poly-unsaturated fat  (%E) 3 4 5 
    

 



High maternal protein intake and inflammation



High maternal protein intake and offspring 

later BP



High protein intake in infancy and weight gain 



Intake of protein during pregnancy and 

offspring weight at adult age





Limitations

• Allot of room for confounding - Clustering of familial lifestyle factors

• Even with detailed information on later maternal offspring dietary habits  proper 

adjustment may be difficult

• However, In the correlation between maternal versus offspring macronutrient intake 

among adolecants is often around  ~0.1 to 0.3

Offspring follow up 
at ˜ 20 years
Offspring follow up 
at ˜ 20 yearsIn utero exposure

Offspring follow up 
at ˜ 20 years



Conclusions

• In small comprehensive birth cohort with long term follow-up a large number of associations 

betwene prenatal variables and ofssrping CVD-risk profile can be demonstrated.

• Limitations
– As always there are questionmarks on causality of findings

– Questions on biological relevance for some of these findings

– Postnatal confunding cannot be exclued (unlikley to aplly for all findings)

– Even with complete infomrmation, controling for postnatal factors is almost impossible

• Strengths: 
– Environmental exposure, maternal diet and GWG are all modifayable lifestlye habtis. Better 

characterisation of these factors in terms of later offspring health has clear public health 

relevance.

– Our findings strongly suggest that variation in dietary and environmental exposures “within 

normal range“ may have biological (but not always clinically relevant)  “effect“

– Our results also perhaps higlight the need of not overinterpreting individual findings in terms of 

what is the most important risk factor!!
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A recent reviewer coment
- to a rejected DaFo88 paper -

• A number of studies start with a cohort of births and follow the offspring over time.

Perhaps the most famous of these studies is a sequence of UK birth cohort studies

started in 1946 and reported on extensively in the book, The Life Project by 

Helen Pearson. A very large number of variables are measured on parent(s), birth 

characteristics, and offspring. The offspring are studied over time, usually to early

adulthood.

• Given the number of variables available and the number of covariates,

drawing valid conclusions is challenging. Suppose there are 10 characteristics of the

parent(s), 10 birth characteristics, 10 characteristics of the newborn child and 10

characteristics measured every five years until and including 20 years old. We would

have 10^7 possible relationships. Some relationships would not be of interest, but

many would. The standard of 5% for statistical significance would lead to an 

enormous number of “statistically 

significant” false positive results. 

• Multiple testing needs to be carefully considered and dealt with. 



+-



Thank you

"Ceterum censeo Carthaginem esse delendam"



Antenaltal lifestyle advise for 

Obese pregnant women, does it 

work?



Popularity of antenatal lifestyle interventions

• Observational studies
– Causality ???

– Confounding, data diven ...!!!

– Allot of divergent findings 

– Therefor more focus/funding of 
interventions

• Randomized controlled trails
– They do say somthing on causality

– In pinciple no confounding and NOT 
data driven











Women with pre-preg BMI>30kg/m2

Main outcome: Gestational weight gain



Randomised

N=425

Intervention group PA)

n=142

FFQ  n=132

Control group C)

n=141

FFQ  n=129

Allocation

Intervention group 

PA+D)

n=142

FFQ  n=135



Results: Primary outcome of the TOP-study

N=389 PA+D) 

Diet + Pedometer

n=130

PA) Pedometer

n=125

C) 

Control

n=134

Significance

GWG:

Median

8.6 kg 9.4 kg 10.9kg P=0.024

Pedometer intervention 

reduced GWG by a mean of 1.4 

kg compared to women not using 

a pedometer

Additive effect of dietary 

follow-up was not significant



Why are the effect estimates so 

unimpressive



A validated food frequency questionnaire (FFQ)

360-items 

Covered the intake of food and drinks during previous 4 weeks

Baseline: Week 11-14

Endpoint: Week 36-37 



Changes in diet

GWG:                    10.9 kg                   9.4kg                             8.6kg 



What about those that did not receive 

dietary intervention



And when we looked at diet and GWG 

in an observational setting



Maternal diet and offpsring 

anthroprometry









Low GI foods ≠ 

better health !!
http://www.theguardian.com/commentis

free/2013/oct/21/fructose-poison-sugar-

industry-pseudoscience

http://www.theguardian.com/commentisfree/2013/oct/21/fructose-poison-sugar-industry-pseudoscience


PFOA exposure orthogonal to PFOS !!
PFOA

PFOS

Spearman r = 0.58



Polyfluoroalkyl phosphate esters (PAPs) as 

indirect source of PFOA exposure


