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DOHaD (‘Barker hypothesis) 

• early life adverse exposures influence the risk 

for adult disease 

• primarily focused on early nutritional exposures  

Early life nutrition and health 

• Low birthweight associated with later: 

• coronary heart disease 

• stroke  

• blood pressure 

• unfavourable glucose and insulin metabolism 

• dyslipidemia 

• chronic lung disease 

• polycystic ovarian disease 

• hormone-related cancers 

Also mental and neurodevelopment 

health outcomes 

• Dutch hunger winter of 1994 - exposure to famine in 

second and third trimesters increased risk of 

depressive disorders (uni and bipolar) in offspring 
(Brown et al. Br J Psychiatry. May 1995;166(5):601-606; Am J Psychiatry. Feb 2000;157(2):190-195.) 

• Increased risk of schizophrenia for those exposed to 

famine in first trimester (Susser et al. Arch Gen Psychiatry. 1992;49(12):983-8.) 

• Severe micronutrient deficiencies (iodine, iron) - 

detrimental impact on brain development and 

cognition (Walker et al. Lancet. 2007;369(9556):145-57) 



Not just undernutrition 

Epidemiological evidence ‘overnutrition’ —  

• Maternal diet and child behavioural dysregulation 

• Maternal and paternal obesity 

• Gestational diabetes 

First to suggest that 

impact of early life 

nutritional exposures 

extend from physical to 

mental health 

MoBa (n = 23,020) 

Pre and post-natal diet quality (HEALTHY AND 

UNHEALTHY) 

 and children’s mental health at 18mo, 36mo and 5yrs   

Maternal and Paternal Age 

Maternal Education 

Parental Income 

Marital Status 

Maternal depression  

Maternal smoking before and during pregnancy  

Maternal role (home duties or paid workforce) 

Parity and gestational length 

Parental Locus of control 

Summary of findings 

Higher intakes of UNHEALTHY FOODS by mothers 

during pregnancy are related to increased 

externalising behaviours in children 

Higher intakes of UNHEALTHY FOODS by children 

are related to increased internalising and externalising 

behaviours in children 

Lower intakes of HEALTHY FOODS by children are 

related to increased levels of internalising and 

externalising behaviours in children 

Jacka et al. (2013) JAACAP 

Generation R 

Children’s externalising at 1.5, 3 and 6yrs 

ALSPAC 

≈ 7000 Mother-child pairs 

 

Depressive symptoms during pregnancy = worse diet 

 

Both high unhealthy diets and low healthy diets = poorer 

cognitive function in offspring 

 

Independent of postnatal depression, postnatal nutrition 

and a large range of socio-demographic and familial 

factors 



ALSPAC 

Higher maternal depression symptoms in pregnancy = higher 

early postnatal unhealthy diet of the child 

Both higher prenatal unhealthy nutrition and maternal depression 

symptoms = higher child dysregulation at age 7 years 

Unhealthy diet of the child = higher levels of child dysregulation at 

ages 4 and 7 years 

These results were robust to other prenatal and postnatal 

potential confounding factors 

• Only 18% - sufficient dietary fibre 

• Only 32% - sufficient omega 3 intake 

• >95% of toddlers exceeded the recommended 

guidelines for saturated fat 

• 31% of toddlers classified as overweight or obese 

Zhou et al. MJA 2012 

Neurodevelopmental  

Roth et al. JAMA. 2013;309(6):570-577  

Adjusted OR for autistic disorder in children of folic acid 

users (preconception)  

 =  0.61 (95% CI, 0.41-0.90) 

Epigenetics 

NATURE COMMUNICATIONS 2013; 4:2889 

Genome-wide DNA methylation analysis and the subsequent 

functional analysis identify differential methylation in sperm of 

genes implicated in development and chronic diseases such 

as cancer, diabetes, autism and schizophrenia. 

Obesity and ASD 

Suren et al. Pediatrics 2014; 133:1-11 

Aspergers 

Autism 

 “maternal metabolic conditions are a risk factor for 

autism, developmental delay without autistic 

symptoms, and impairments in several domains of 

development, particularly expressive language, after 

adjusting for sociodemographic and other 

characteristics” 

Krakowiak et al. PEDIATRICS 2012; 129:e1121 



What do the animal studies 

tell us? 
• Alters methylation and gene expression of 

dopaminergic and opioid related genes (Vucetic et al. 

2010) 

• Perturbations in the serotonergic system – increased 

anxiety in females and increased aggression in males 

(Sullivan et al. 2010) 

• Weaning of offspring onto a HF diet resulted in the 

upregulation of inflammatory and oxidative stress 

pathways and mitochondrial dysfunction (Bruce 2009) 

What do the animal studies 

tell us? 

• Maternal ‘western’ diet and obesity increased sympathetic 

nervous system activity and hyperactivity in rodent 

offspring that persisted into adulthood (Fernandes 2012) 

• Deficiencies in omega-3 fatty acids during in utero 

development and early life reduce brain plasticity and 

increase anxiety-like behaviors in adult mice (Bhatia 

2011) 

• Maternal HF diet results in reduced maternal care by 

dams during the early life of offspring (Connor 2012) 

Immune dysfunction as a  risk factor 

for mental disorder 

Probability of remaining free of de novo MDD for women stratified into tertiles of hsCRP 

Environmental sources of systemic inflammation 

Berk et al. BMC Med 2013 

Nurses Health Study N= 43,685 

aged 50-77yr  

(no depression at baseline in 1996) 

 

Fu = 12yrs 

 

RR for extreme quintiles =  

1.41 (95% CI 1.22, 1.63)  

p for trend <0.001 

Lucas et al. Brain, Behaviour and Immunity  (2014) 

Inflammatory Dietary Patterns and  

the risk for depression 



Gut Microbiota and diet 
• Enterotype determined by long-term dietary patterns 

(particularly protein and animal fat (Bacteroides ) versus 

carbohydrates (Prevotella )  

• Controlled feeding study showed that microbiome 

composition changed detectably within 24 hours of initiating a 

high-fat/low-fiber or low-fat/high-fiber diet, although 

enterotype remained stable (Wu et al. Science 2011) 

• Emerging clinical evidence to support a role of probiotics for 

reducing anxiety, decreasing the stress response, and 

improving mood in both animals and humans (Arseneault-

Bréard et al. BJN 2012; Messaoudi et al. BJN 2011) 

Gut microbiota and early life 
• Microbiota in the newborn gut play a critical role in brain 

development as well as development of the innate immune system 

• Gut microbiota in early life modulate synthesis of a vast array of 

neuromodulatory molecules including dopamine signaling, neuronal 

mitochondrial function, neuroplasticity 

• Early life perturbations such as stress, inflammation, or infection in 

mothers appear to produce long-term effects on the developing 

brain, increasing subsequent risk of neuropsychiatric disorders 

throughout life 

• In particular, maternal stress during pregnancy has been associated 

with an increased incidence of neurodevelopmental disorders and 

gastrointestinal dysfunction in offspring 

• Maternal stress during pregnancy has been shown to alter the 

microbial composition of the offspring gut (Bailey et al., 2004). 

Jasarevic et al. Neurobiology of Stress (2014) 

Mode of delivery 

• Mode of delivery has an influence on the early 

colonization of the gut microflora in newborns  

• Newborns delivered by caesarean section show  

differences in colonizing microbiota for vaginally and 

caesarean delivered children that persist well into 

childhood and are associated with increased body 

mass and childhood obesity (Salminen, S. Gut 2004; 

Blustein, J. In J Obes 2013) 

Thus, Vaginal microflora important!! 

Jasarevic et al. Neurobiology of Stress (2014) 

Exposures influencing the 

vaginal ecosystem 

• Body composition, diet, infection, antibiotic treatment and stress 

• In a recent epidemiological study, mothers of children with autism 

spectrum disorder reported greater frequency and severity of 

vaginal bacterial infections during pregnancy (Zerbo et al., 2013) 

• Chronic stress during pregnancy alters vaginal host immunity and 

resident bacteria composition 

• Widespread obstetric practices such as vaginal cleansing with 

disinfectants and application of antiseptic creams shortly before 

birth may have a detrimental impact on  commensal bacteria in 

the maternal vagina 

Jasarevic et al. Neurobiology of Stress (2014) 

• Administration of intrapartum antibiotics as a preemptive prophylaxis 

against GBS infection leads to dysbiosis of the vaginal flora  

• Maternal exposure to low dose antibiotics during lactation increased fat 

mass, and altered metabolic hormones in offspring 

• The effects of maternal antibiotic treatment on offspring gut microbiota 

persist well after cessation of treatment  

• In humans, associations between antibiotic exposure during the first 6 

months following birth and an increased body mass (Trasande et al., 2013). 

“This gives rise to the intriguing possibility that therapeutic treatment of vaginal 

microbiota may be a viable target for maternal stress and immune related 

neurodevelopmental disorder prevention” 

Exposures influencing the 

vaginal ecosystem 

Jasarevic et al. Neurobiology of Stress (2014) 



Animal model of AUTISM SPECTRUM DISORDERS 

• Maternal immune activation 

• Intestinal permeability (Leaky gut) 

• Behavioural phenotype (social, communicative, 

stereotypic) 

REVERSED/AMELIORATED WITH 

ADMINISTRATION OF BACTEROIDES FRAGILIS 

Healthy Parents,  

Healthy Kids 

We aim to assess the effectiveness of an intervention 

in improving parameters thought to influence the risk 

for mental and neurodevelopmental disorders in 

children and the feasibility of such an approach 

focusing on improving behavioural risk factors in 

parents before and during pregnancy 

 Previous research 

Am J Clin Nutr 2013 

Dietary improvement as a treatment strategy in 

major depression: a randomised controlled trial 

www.dietdepressionstudy.com 

Study protocol 

O’Neil et al. BMC Psych 2013 13:114  

Alliance for the Prevention of 

Mental Disorders 

Statement of purpose: 

“To support a population health approach to the prevention of 

mental disorders and promotion of emotional wellbeing” 

Through 

• Advocacy (policy makers) 

• Facilitating research and building capacity 

• Facilitating Knowledge Translation and Exchange 

• Building collaborative partnerships 

International Society for Nutritional 

Psychiatry Research (ISNPR) 

WWW.ISNPR.ORG 
 

info@isnpr.org 

http://www.dietdepressionstudy.com
http://www.dietdepressionstudy.com
mailto:info@isnpr.org


“Nutritional medicine should now be considered as a 

mainstream element of psychiatric practice, with 

research, education, policy, and health promotion 

supporting this new framework” 

LANCET PSYCHIATRY   (published online Jan 26th 2015) 

Translation 

Mental health outcomes for nutrition are now recognized 

for the first time by the US Dietary Guidelines for 

Americans Committee 2015:  

“Before 2010, the number of published dietary pattern 

studies was small. However, a more substantial literature 

on dietary patterns and neuropsychological health has 

been published since 2010. The DGAC was therefore 

able to consider prevention of adult 

neuropsychological ill health for the first time.” 

+ ≠ 

Thank you 

f.jacka@deakin.edu.au 


