
















The Developmental Origins of Health and Disease (DOHaD): 
Risk trajectories across the lifecourse and a novel definition of predisposition
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Improving public health requires a shift in 
focus to include preventing early adverse 
experiences and building resilience.
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Associations were weak or modest for physical inactivity, 
overweight or obesity, and diabetes; moderate for 
smoking, heavy alcohol use, poor self-rated health, 
cancer, heart disease, and respiratory disease; strong for 
sexual risk taking, mental ill health, and problematic 
alcohol use; and strongest for problematic drug use and 
interpersonal and self-directed violence. We found 
considerable heterogeneity between estimates for almost 
half of the outcomes.

This study supports substantially increased health 
risks to adults who report multiple ACEs, but others 
identify how having such ACEs is common globally.44 
A billion children aged 2–17 years were estimated to have 
been victims of violence worldwide in 2014.45 Across the 

east Asia and Pacific region, the health consequences 
of child maltreatment have been estimated to cost 
around 2% of gross domestic product.46 Global estimates 
of the prevalence and costs of many other ACEs among 
children, such as witnessing of domestic violence, are 
not yet available. Despite accumulating knowledge about 
the lifelong effects of ACEs, their prevention and the 
development of resilience and support for those affected 
have been slow to move up political agendas. 
International attention is increasingly focusing on 
prevention of violence against children, often 
emphasising protection of girls.47 Although girls are 
especially vulnerable to certain ACEs (eg, sexual abuse), 
both sexes are routinely victims of multiple ACEs and 
both feel their long-term effects.48 In fact, the high 
prevalence of ACEs combined with their effect on life-
course health suggests a substantial but largely hidden 
contribution to Global Burden of Disease estimates, 
which include childhood sexual abuse, yet not many 
other ACEs.49 Thus, smoking and alcohol use are leading 
risk factors for burden of disease,49 and in this study, 
individuals who had had at least four ACEs were more 
than twice as likely to be current smokers or heavy 
drinkers and almost six times as likely to drink 
problematically than were those who had had no ACEs. 
Consistent with such elevated risks, NCDs including 
respiratory disease, diabetes, cancers, and heart disease 
(the leading cause of death globally50), were also 
substantially more likely in those with at least four ACEs 
than in those with none.

Most studies included in this systematic review and 
meta-analysis were done in high-income countries, with 
nine samples from middle-income countries and none 
from low-income countries. The World Mental Health 
Surveys across 21 countries found little variation in ACE 
prevalence between country income groups, with 
38–39% of participants reporting at least one ACE and 
the prevalence of at least four ACEs being 2–3%.51 These 
levels are lower than those measured by studies in this 
systematic review and meta-analysis, with 57% of 
participants across all studies reporting at least one ACE 
and 13% reporting at least four. Little is known about 
how ACEs predict health outcomes in low-income, 
high-violence settings, where exposure to adversity is 
widespread across the life-course. However, evidence 
suggests that ACEs are associated with substance abuse, 
mental illness, and HIV risk in such settings.52

To date, efforts to prevent NCDs, for instance, 
have focused predominantly on tackling of proximal 
determinants (eg, behavioural modifications, advertising, 
or pricing).53 Sustained prevention gains might require a 
shift in focus to include the early drivers of poor health. 
Policies that capture the environmental and societal 
causes of adversity in childhood offer new opportunities 
to address ACEs rather than just their consequences. 
Specifically, through the UN 2030 Agenda for Sustainable 
Development, countries have committed to action to 

OR Heterogeneity (I²) References

Physical inactivity 1·25 (1·03–1·52) 65·2% (23·6–79·7) 6,7,9,13,32,33,35

Excluding outliers 1·12 (0·97–1·29) 35·7% (0–68·2) 6,7,9,13*,32,33,35

Overweight or obesity 1·39 (1·13–1·71) 75·1% (39·6–86·0) 1,7,8,16,31,33,35,38

Diabetes 1·52 (1·23–1·89) 48·3% (0–75·2) 2,6–8,16,20,31,35

Excluding outliers 1·38 (1·20–1·60) 0% (0–58·5) 6–8,16,20,31,35

Cardiovascular disease 2·07 (1·66–2·59) 23·7% (0–65·9) 2,6–8,16,20,31,35

Heavy alcohol use 2·20 (1·74–2·78) 75·0% (43·5–85·6) 9,16,32–35,37,38,41

Excluding outliers 2·00 (1·69–2·37) 46·4% (0–73·5) 9,16,32,33,35,37,38,41

Poor self-rated health 2·24 (1·97–2·54) 0% (0–64·1) 6,8,20,24,40

Cancer 2·31 (1·82–2·95) 0% (0–67·9) 2,6,7,35

Liver or digestive disease 2·76 (2·25–3·38) 0% (0–61·0) 2,6–8,33,35

Smoking 2·82 (2·38–3·34) 87·1% (82·1–90·2) 1,8,9,13,16,19,24,26,30–35,38

Excluding outliers 2·70 (2·34–3·11) 71·9% (51·4–81·4) 8,9,13†,16,19,24,26,30–33,35

Respiratory disease 3·05 (2·47–3·77) 0% (0–56·3) 2,6–8,17,32,33,35

Multiple sexual partners 3·64 (3·02–4·40) 16·5% (0–61·5) 1,8,13

Anxiety 3·70 (2·62–5·22) 82·2% (59·7–89·7) 1,8,24,29,32,39,42

Early sexual initiation 3·72 (2·88–4·80) 75·5% (54·0–84·5) 1,8,9,13,33–35

Excluding outliers 3·83 (3·05–4·82) 56·7% (0–76·3) 8,9,13‡,33–35

Teenage pregnancy 4·20 (2·98–5·92) 77·1% (33·6–88·0) 8,9,14,21,33–35

Low life satisfaction 4·36 (3·72–5·10) 0% (0–64·1) 24,32,33,35,36

Depression 4·40 (3·54–5·46) 80·0% (64·8–86·9) 1,7,8,15,16,23,24,29,31,32,38,39,42

Excluding outliers 4·74 (3·88–5·80) 75·2% (51·7–84·6) 1,7,8,15,16,23,24,,31,32,38,39,42

Illicit drug use 5·62 (4·46–7·07) 76·4% (59·6–84·3) 1,7,8,9,13,24,30,33–35

Excluding outliers 5·17 (4·48–5·96) 24·1% (0–61·2) 1,7,8,9,13§,24,30,33,35

Problematic alcohol use 5·84 (3·99–8·56) 79·7% (60·0–87·5) 1,13,22,39,41

Excluding outliers 6·86 (5·36–8·78) 37·6% (0–70·0) 1,13,22,41

Sexually transmitted infections 5·92 (3·21–10·92) 78·4% (39·7–88·5) 7,8,18,31,33,35

Violence victimisation 7·51 (5·60–10·08) 59·0% (0–81·3) 9,25,27,33–35

Violence perpetration 8·10 (5·87–11·18) 68·2% (12·8–83·1) 1,9,25,28,33–35,43

Problematic drug use 10·22 (7·62–13·71) 12·0% (0–68·2) 1,9,33–35

Suicide attempt 30·14 (14·73–61·67) 77·4% (42·5–87·5) 8,13,18

Excluding outliers 37·48 (22·19–63·31) 23·9% (0–69·6) 13,18

Data in parentheses are 95% CIs. OR=odds ratio. *Excluding Latvian and Lithuanian samples. †Excluding Albanian 
sample. ‡Excluding Russian sample. §Excluding Russian, Latvian, and Lithuanian samples.

Table 4: Pooled ORs from random-effects meta-analyses

Psychological and socio-
economic stress in early life

Effect of multiple adverse experiences 
during infancy on adult health

Pooled ORs from random-effects meta-analyses

Hughes et al, Lancet 2017

Physical inactivity
Overweight, obesity
Diabetes, Cardio-
vascular diseases
OR: 1.25 (1.03-1.52) 
- 1.52 (1.23-1.89)

Low life satisfaction
Depression
Drug & alcohol use
Violence victimisation 
Suicide attempt
OR: 4.36 (3.72-5.10) - 
30.14 (14.73-61.67)



Nutrition
Life style, 
behaviour,
Psycho-social 
stress,
Emotions
Toxicants
Climate change

Nutritional
behaviour
Life style
Vulnerability
Metabolic, 
cardio-vascular,
neuro-psychic 
disease
Infertility

Generation F1

Epigenetics

Early environment, exposome Adulthood
Nutrition.
Behaviour
Emotions
Vulnerability
Metabolic
cardio-vascular
neuro-psychic
disease

Generation F2

Nutrition
Behaviour
Emotions
Vulnerability
Metabolic
cardio-vascular
neuro-psychic
disease

Developmental programming: transgenerational inheritability of acquired traits
 and epigenetic imprinting



Compared effects of IUGR (low maternal protein diet) and antenatal corticosteroids 
(betamethasone 0.25 mg/kg IM on E17, E18, E19) on adult rats kidney/blood 

pressure
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retention and systemic hypertension. However, recent 
evidence questions this renal mechanism [13, 30, 31]. 
A nephron deficit is proposed to be a factor that con-
fers vulnerability when other postnatal factors, such as 
postnatal overfeeding, rapid catch-up growth or high 
salt intake, accelerate or induce these diseases [6, 16, 18, 
19]. We found that blood pressure, GFR and glomerular 
sclerosis were unaltered in LPD offspring with moderate 
nephron deficit suggesting that moderate nephron defi-
cit alone is insufficient to induce these diseases. However, 
the severity of nephron deficit regardless of the reduction 
of birth weight plays a critical role. In contrast with LPD 
offspring, BET offspring born with similar birth weight 
reduction exhibited significant systemic hypertension, 
progressive renal dysfunctions and glomerular sclerosis. 
Lack of significant glomerular hypertrophy despite severe 
nephron number reduction may result from diffuse glo-
merular sclerosis associated with glomerular retrac-
tion (through ischaemia) [32]. All of these alterations 
were moderate in female BET offspring and seemed to 
be shifted in time. It is possible that another time point 
would reveal more significant changes. The main differ-
ence between the two groups was that BET offspring had 
more severe nephron deficit, already present at birth, 
which preceded the occurrence of systemic hyperten-
sion and CRD. Moreover BET offspring had a progressive 
postnatal growth that excluded the detrimental effect of 

a rapid catch-up growth. All these findings demonstrate 
that the magnitude of nephron number reduction highly 
influences long term IUGR-induced systemic hyperten-
sion and CRD.

In the current study, IUGR offspring had similar birth 
weight reduction but displayed different blood pressure 
and renal functions patterns. Systemic hypertension 
was transient in male LPD offspring only, as previously 
reported, and occurred later in BET offspring [2]. One 
can propose that these blood pressure patterns at young 
adulthood result from differences in stress response asso-
ciated with blood pressure measurement. When using 
telemetry, the gold standard for measuring blood pres-
sure in awake animals, blood pressure levels have been 
reported unchanged in 5-month-old LPD offspring but 
significantly lower in 8-month-old offspring exposed pre-
natally to dexamethasone in comparison with NBW rat 
offspring [33, 34]. In our study, we used the same plethys-
mography device in all animals and repeated blood pres-
sure measurement at different ages might have reduced 
the stress of animals and limited biases. Further inves-
tigations are nevertheless required to evaluate differ-
ences in stress response between both IUGR models. In 
any case, all these findings justify very long term follow-
up of blood pressure and renal functions/structure in 
IUGR offspring and highlight differences between IUGR 
models.

a (males)

b (females)

NBW

NBW

IUGR-LPD

IUGR-LPD

IUGR-BET

IUGR-BET

Fig. 4 Histology of the kidney. Light microscopy examination of the cortical kidney of male (a) and female (b) normal birth weight (NBW), maternal 
low-protein diet (LPD), and betamethasone (BET) offspring. Kidneys of BET offspring exhibit glomerular sclerosis with interstitial inflammation. 
Magnification ×200

Page 4 of 9Boubred et al. J Transl Med  (2016) 14:331 

4 and 8  months of age (p  <  0.05) but was unaltered in 
female LPD offspring. By contrast, female and male BET 
offspring had significant HT when 15  month-old. SBP 
was 15 and 17  mmHg higher in female and male BET 
offspring, respectively, than in NBW and LPD offspring 
(p < 0.05).

Renal function
Clearance of creatinine (ClCr) and proteinuria (UprV) 
data are shown in Fig.  2. ClCr declined progressively 
with age in both males and females offspring (postna-
tal age effect p < 0.001). At 12 months of age, ClCr was 
33% lower in BET male offspring than in NBW and 
LPD offspring (p  <  0.05). Proteinuria was significantly 
increased in BET male offspring. ClCr and proteinuria 
were unaltered in LPD offspring. In 22 month-old off-
spring urinary protein/creatinine ratio (g/g) were signifi-
cantly higher in BET offspring than other animals with 
1.85 ±  0.1, 2.01 ±  0.08 and 3.06 ±  0.08 in male NBW, 
LPD and BET offspring respectively and 1.43  ±  0.1, 
1.41 ± 0.06, 1.71 ± 0.1 in female NBW, LPD and BET off-
spring respectively (group effect p < 0.001; gender effect 
p < 0.001; combined effect p < 0.01).

Renal structure
The parameters of renal structure in 22-month-old age-
ing offspring are summarized in Fig.  3. The relative kid-
ney weight to body weight did not differ among the three 
groups, regardless of gender (2.06 ± 0.1, 2.01 ± 0.1, and 
1.90 ± 0.2 for NBW, LPD, and BET offspring, respectively; 

groups and gender effects, n.s.). Nephron number was 
moderately reduced in male LPD offspring (−28% vs. 
male NBW offspring, p  <  0.05) while it was unchanged 
in female LPD offspring. In comparison with male and 
female NBW offspring BET offspring showed 50 and 40% 
lower nephron number respectively (p < 0.001). Nephron 
number remained 22% (p < 0.05) and 45% (p < 0.01) lower 
in male and female BET offspring than LPD offspring. 
Such differences were already observed in 1  day-old 
pups when nephron number was more severely reduced 
in BET pups: 10488 ± 589, 6302 ± 223 and 5114 ± 145 
in NBW, LPD and BET offspring respectively (p < 0.01). 
Renal morphology, including glomerular volume and glo-
merular sclerosis, was unchanged in 22-month-old male 
and female LPD offspring. But glomerular sclerosis was 
respectively 3.5-fold (p  <  0.001) and twofold (p  <  0.05) 
higher in male and female BET offspring than in NBW 
and LPD offspring (Fig. 3B and Fig. 4).
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Fig. 1 Long term hypertension in IUGR-BET offspring. Systolic blood 
pressure (SBP) of normal birth weight (NBW, open bars), maternal low-
protein diet (LPD, grey bars), and BET (black bars) offspring from 1 to 
15 months after birth, according to gender. Values are mean ± SEM; 
(n = 10–12/group). Significance differences (p < 0.05) among groups 
are indicated by different letters (e.g., a is different from b but not 
from ab). Group effect <0.001, postnatal age effect <0.001, and com-
bined effects <0.001
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Fig. 2 Renal functions in IUGR-BET offspring more affected than in 
IUGR-LPD offspring. Glomerular filtration rate [evaluated by clearance 
of creatinine (ClCr)] (A) and proteinuria (B) in normal birth weight 
(NBW, open bars), maternal low-protein diet (LPD, grey bars), and BET 
(black bars) offspring at 8, 12, and 15 months after birth, according 
to gender. Values are mean ± SEM (n = 10–12/group). Significance 
differences (p < 0.05) among groups are indicated by different let-
ters (e.g., a is different from b). Group effect < 0.01, postnatal age 
effect <0.001, and combined effects <0.001
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Kidneys of BET offspring exhibit glomerular sclerosisGlomerular function &
Proteinuria (BET: black bars)

Hypertension (BET: black bars)



Prenatal loss of the father during World War One 
is predictive of reduced lifespan in adulthood

Todd et al, PNAS 2017



DNA methylation signatures link prenatal famine exposure to growth and metabolism

Tobi EW et al, Nature, 2014

Increased risk in adult offspring:
•  Obesity
•  Dyslipemia
•  Type 2 Diabetes
•  Cardio-vascular diseases



Yehuda et al, Biol Psych 2016

Glucocorticoid receptor gene (NRC1): FKBP5 intron 7 methylation 
in Holocaust Suvivors and F1 Offspring



Implication of sperm RNAs in transgenerational 
inheritance of the effects of early trauma in mice

Gapp et al, Nature Neurosci 2014

Behavioral and metabolic responses in “unpredictable maternal separation 
combined with unpredictable maternal stress” (MSUS) males across generations 
and in mice derived from RNA-injected oocytes.

Dad is having a much larger role in the whole process, 
rather than just delivering his genome and being done with it.



Epigenetic signatures of intergenerational exposure to violence
in three generations of Syrian refugees

predictive power of the DOHaD hypothesis, epigenetic mechanisms have been proposed to mediate the impact 
of psychosocial stress and trauma on future generations14,15. Speci!cally, environmentally-sensitive epigenetic 
modi!cations may have evolved at select sites in the human epigenome to provide a rapid, short-term response 
to environmental stressors compared to the more slowly evolving genome. Furthermore, a subset of those 
epigenetic modi!cations may have evolved to be heritable to transmit the selective advantages of environmental 
sensitivity to future generations. A range of epigenetic modi!cations exist, including DNA methylation (DNAm), 
histone modi!cation, and noncoding RNAs, which help regulate gene expression. DNAm typically refers to the 
addition of a methyl group to a cytosine nucleotide base that is followed by guanine base (a CpG site). Changes 
in DNAm can lead to increases or decreases in gene expression depending on the gene and genome context 
as well as the developmental stage and replication activity of the genome16. DNAm is well-studied because it 

 

Scientific Reports |         (2025) 15:5945 2| https://doi.org/10.1038/s41598-025-89818-z

www.nature.com/scientificreports/

EWAS (DNAm) study 
across 3 generations

Mulligan C et al, 2025







Conclusione

Lo studio degli effetti epigenetici della guerra mostra come la 
violenza dei conflitti si estenda ben oltre i confini temporali 
dell’evento, incidendo sulla salute delle generazioni successive. 

La comprensione di questi meccanismi non solo amplia le 
conoscenze scientifiche sul rapporto tra trauma e biologia, ma 
impone una riflessione sulla responsabilità collettiva nel prevenire 
e mitigare le conseguenze a lungo termine delle guerre.


