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the field.

Life course and developmental origins of adult health 
and disease

This update builds on the original chapter by Professor David Barker on the Fetal Origins of 
Adult Disease (FOAD), showing how this research area has broadened and deepened over the 
last few years. To set these advances into their wider historical context we note that the idea 
that early life experience could have long-term influence on adult health and survival had 
been a key element in the national debate about population health and industrial efficiency 
in the first half of the twentieth century which led to systems and policies for monitoring 
and improving child health. In the post-war period, with child health improving, research 
attention had turned to adult lifestyles as the main risk factors for chronic diseases, although 
empirical evidence about the importance of early life for later health continued to slowly 
accrue. However, the research undertaken by Professor Barker and his team from the mid-
1980s which widened into the Developmental Origins of Health and Disease (DOHaD), was a 
major catalyst for an explosion of interdisciplinary life course research that continues in the 
second decade of the twenty-first century.

Life course research, of which DOHaD is an integral part, has provided evidence that what 
happens in utero, in childhood and adolescence, and across generations, affects adult health, 
disease and ageing. The health outcomes studied now extend beyond the original focus on 
cardiometabolic disease to encompass more chronic diseases and the natural history of 
physiological functions. Studying function at the individual or multi-system level, at the body 
organ or system level, or at the molecular and cellular level facilitates the investigation of 
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health across life, before disease is manifest. It has led to a greater focus on the links between 
development and ageing, the progressive impairment of function post maturity.1 Identifying 
potential sensitive periods when rapid change occurs in lifetime functional trajectories, the 
drivers that shape these trajectories, and how they in turn shape disease risk can help design 
the timing and type of effective primary interventions. It is increasingly recognised that long-
term health consequences flow from normal variations across the range of physiological 
processes, not just at the pathological level; and that long-term health consequences of 
some early insults may occur when there is ‘mismatch’ between the pre-natal and post-natal 
environment.2 It is also increasingly recognised that sensitive developmental periods occur not 
just in fetal life but during infancy, childhood and adolescence. 

Since the original publication, the early physical and social exposures that impair or promote 
lifelong health are being better characterised and their differential effects studied. Three 
examples must suffice. First, the early FOAD focus on poor maternal and fetal nutrition3 has 
been extended to include fetal exposures such as defective placentation, maternal glucose 
intolerance or hypertension, and psychological stress, and also to encompass environmental 
chemical exposures at any stage of development that may have long-term effects.4,5 Second, 
research increasingly distinguishes the effects of the prenatal, prepubertal, and pubertal 
stages of the growth trajectory on a range of health outcomes (see illustrative examples).6,7 
And third, research is characterising how various material and psychosocial adversities 
in early life have differential impacts on later life health (see illustrative example).8 What 
is clear is that while poverty, neglect and abuse have many powerful negative lifelong 
consequences, effects are generally graded across the social distribution. This is important 
given the growing social inequalities in child health in the UK, and the UK’s poor rankings on 
child wellbeing and on inequality compared to 29 other rich countries.9,10 

The life course approach studies the pathways that link physical and social exposures 
from early life onwards to later health outcomes. For some researchers, understanding 
the biological mechanisms is now the prime concern. Evolutionary biology has come to 
provide a broad interpretative framework for understanding why adaptations made by the 
fetus or infant during critical periods of growth and development increase the chances 
of survival in the short term and reproductive success, but may have negative long-term 
effects on health; developmental biology is increasing our knowledge of this developmental 
plasticity, including transgenerational mechanisms;11 and the emerging field of epigenetics 
is showing that the early environment alters gene expression in ways that may have lifelong 
consequences.12 Epigenetic mechanisms may be one way in which early social adversities 
‘get under the skin’ and become biologically embedded:13,14,15,16 other potential key mediators 
include inflammation, neuroendocrine processes (particularly of the HPA axis), and neural 
structure and function.17

-Other researchers focus on behavioural, psychosocial or socioeconomic pathways 
whereby exposures in childhood and adolescence lead to cumulative long-term damage 
to health, or where a chain of risk is established where one adverse experience makes 
subsequent adverse experiences more likely. In addition, increasing attention is being given 
to understanding the nature of physiological, psychological or social resilience that helps to 
maintain health and function in those who experience a poor start to life. 

Given these advances in life course research, we focus this update on three areas of 
importance for adult health, namely body size and composition, cardiometabolic function, 
and physical and mental capacities, where there is growing evidence that early life plays an 
important role. As an exhaustive review is beyond the scope of this update, we draw mainly 
on our own research in the two oldest British birth cohort studies - the MRC National Survey 
of Health and Development (NSHD) started in 1946, and the National Child Development 
Study (NCDS) started in 1958.18 
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Developmental origins of body size and composition
Body size and composition are a focus of concern because of the health burden associated 
with obesity and low muscle mass, together with the increasing trend in obesity 
prevalence over a relatively short period: in England, prevalence among adults has risen 
from approximately 16% to 24% in women and from 13% to 26% in men over the period 
1993 to 2013.19 Children are also now more likely to be overweight or obese than previous 
generations and to have an earlier age of onset.20 Yet importantly in terms of developmental 
origins, most of today’s middle-aged and older adults were not overweight in their childhood 
but many have gained weight over the course of their adult lives. This trajectory of adiposity 
gain has implications for cardiometabolic function (see below) and is a focus of recent 
research. Tracking the lives of individuals over decades the UK cohorts indicate several of 
the developmental factors that influence life course body size. 

Early life: Growing evidence on early life determinants implicates factors representing poor 
nutrition and growth in the development of adult adiposity in the UK. For example, early life 
socio-economic disadvantage, a marker for poor nutrition and living conditions, has been 
associated with more rapid gain in BMI from child to adulthood21,22 and within adulthood.23 
In childhood, the social gap in adiposity has widened in recent decades, as early life 
disadvantage has become associated with higher BMI.24 Low birthweight and factors linked 
to poor fetal growth such as maternal smoking in pregnancy have also been linked to rapid 
BMI gain or obesity in adulthood.21-25 Despite mounting evidence for an effect of maternal 
smoking in pregnancy on offspring adiposity gain, so far the underlying explanations are 
unknown. Yet findings for early life disadvantage, low birthweight and maternal smoking in 
pregnancy are consistent with a developmental origins approach whereby trajectories of BMI 
are set in train in response to environmental influences early in development. Research is 
underway on potential mechanisms linking early life influences to later adiposity (e.g. via gut 
microbiota26 or epigenetic mechanisms).

Intergenerational: Children of overweight or obese parents are at greater risk of obesity 
than children of normal weight parents and this effect persists throughout their life, i.e. 
from the early years to adulthood. This well-established intergenerational association is 
partly due to genetic factors, although genetic contributions may not be fixed over the 
life course or over time. For example, obesity susceptibility gene variants were shown to 
mainly affect weight gain in childhood rather than gain at later stages of life.27 Studies 
comparing different generations show stronger parent-child obesity associations in more 
recent than older generations in the UK24 and new evidence on increased effects of genetic 
susceptibility for later born generations suggests that genetic factors have interacted 
with environmental changes during development related to era of birth.28 However, 
intergenerational associations may also be due to intrauterine over-nutrition with greater 
nutrient transfer from obese mothers to the growing fetus, potentially leading to permanent 
changes in appetite, metabolism, and other functions. An example of supporting evidence 
for such effects is provided by studies showing that significant weight loss associated 
with surgery in severely obese mothers was accompanied by reduced prevalence of 
obesity in their children.29 But it is uncertain whether the intrauterine environment affects 
adiposity of offspring at less severe levels of maternal obesity.30 Debate is ongoing on the 
public health impact of dramatic increases in maternal obesity (prevalence in women of 
child-bearing age, 16-44 years in England rose from approximately 12% in 1993 to 20% 
in 2013)19-31 on adiposity levels of future generations. Given the secular trends, younger 
generations will be more exposed to over-nutrition prenatally than their predecessors. In 
terms of underlying mechanisms, research in animals, and increasingly in humans, suggests 
that intrauterine environment (e.g. associated with maternal under-nutrition, obesity and 
gestational diabetes) and postnatal adversity factors may affect later adiposity via epigenetic 
alterations.32,33 The mechanisms whereby the intrauterine environment promotes adiposity 
in offspring throughout life is an active area of current research.
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Accumulating lifetime factors: Several factors in childhood, adolescence and adulthood 
have been related to adiposity gain and development of obesity. For example, individuals 
maltreated in childhood have an increased risk of obesity in adulthood across several 
population samples.34 In particular, childhood physical abuse has been related to an 
increased rate of gain in BMI through to mid-life8, although causality and underlying 
mechanisms are not yet known. Other adversities, such as sleep deprivation in childhood 
and at later life-stages, are implicated in recent studies of adiposity,35,36 whilst health 
behaviours at different life-stages, including frequent television viewing, low activity levels 
and fast-food consumption, have also been associated with adiposity gain or obesity.37,38,39 
Some studies suggest that, in turn, obesity leads to less physical activity.40

There is growing evidence to suggest that risk of later obesity increases with accumulation 
(i.e. higher number) of early and lifetime factors.41,42 Faster weight gain in childhood 
predicts later obesity and earlier timing of menarche43,44 and tracking of obesity from child 
to adulthood is known to be strong.45 This strong tracking highlights the importance of 
delaying obesity onset, particularly as those with early onset have a higher BMI and waist 
circumference than those with later onset.46

Increasingly, life course studies are investigating childhood influences on direct measures 
of body composition in adulthood; this includes fat and lean mass which BMI does not 
distinguish, and bone size, strength and density. For example, in the NSHD, higher birth 
weight and prepubertal weight gain were associated with greater appendicular lean 
mass,7 and bone strength6 in early old age; whereas greater weight gain in childhood and 
adolescence was associated with higher fat mass, fat to lean ratio and android to gynoid 
ratio (i.e. an ‘apple-shaped’ body). Faster gain in BMI from puberty onwards was associated 
with lower muscle quality (derived from dividing the maximum grip strength by upper body 
appendicular lean mass).47 Those living in less favourable socioeconomic circumstances 
across life tended to have more fat and less muscle in early old age, and had a higher android 
to gynoid ratio; the effects of childhood socioeconomic position were partly attributed 
to earlier differences in pre-adulthood weight gain.48 These different patterns of body 
composition, the reduction in muscle mass and increase in fat mass with age are particularly 
important for cardiometabolic function and physical capacity and their change with age. 

Developmental origins of cardiometabolic function
Much research since the FOAD hypothesis continues to focus on cardiometabolic outcomes, 
particularly using markers of function such as blood pressure, lipids, and indicators for 
diabetes (glucose and insulin) that can be investigated throughout life. Commonly studied 
developmental factors include body size and socioeconomic position at different life 
stages, both of which have been interpreted as markers for nutrition or more general living 
conditions. Research on these factors has in part sought to further test the FOAD hypothesis, 
although its main purpose has been to consider whether growth and social conditions at 
specific life stages have a predominating influence on cardiometabolic function. 
 
Body size and trajectories over the life course: The effects of poor fetal growth, as indexed 
by low birthweight, have been confirmed in systematic reviews and meta-analyses showing 
associations with higher blood pressure in adulthood,49 type 2 diabetes risk,50 and weakly, 
with adverse lipid profile.51 Relatedly, systematic review and meta-analysis of preterm birth 
show associations for blood pressure and LDL cholesterol but not for BMI, fasting insulin 
or glucose.52 How such indicators of poor fetal growth combine with the strong effects 
of current body size in adulthood has been a focus of recent research, with attention on 
lifetime growth trajectories, mainly for adiposity.

The long follow-up of the older UK cohorts has been invaluable in showing the child to adult 
weight/ BMI trajectories related to adult cardiometabolic disease risk18 and its change with 
age.53 These cohorts suggest that for specific biomarkers it matters how an individual arrives 
at the BMI they have in adulthood, i.e., their BMI trajectory. Whilst others show that fast 
weight gain in infancy predicts higher adult blood pressure,54 the birth cohorts show that it 
is not just weight gain in infancy that is detrimentally associated with adult cardiometabolic 
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risk factors such as blood pressure, but also excessive gain across childhood, adolescence 
and adulthood.55 Individuals who were thinner in childhood/ adolescence appear to 
be more vulnerable than others to the effects of gains in BMI for blood pressure56 and 
lipids.57 Excessive BMI gain is also associated with elevated glucose levels or risk of type 2 
diabetes46,58 but in this instance, effects are stronger for those who were heavier rather than 
thinner in childhood.46 Recent research in Britain and elsewhere, suggests that individuals 
with a high BMI in both child and adulthood have the highest risk of type 2 diabetes46,59 most 
probably due to their high adiposity level in adulthood. Additionally, a high BMI in childhood 
but not in adulthood does not appear to increase the risk of type 2 diabetes,46,58,59 a finding 
that is consistent with the lowered risk of diabetes associated with weight loss e.g. following 
surgical or lifestyle intervention. The impact of secular trends (such as earlier age of obesity 
onset) on cardiometabolic function is not yet clear, although some insights are available. 
For example, a recent comparative study of the cohorts born in 1946 and 1958 suggested 
that the effects of rate of BMI gain on adult blood pressure had not diminished over time, but 
were stronger in the younger generation.55 

Studies of obese mothers, for whom there is an increased risk of insulin resistance and 
gestational diabetes during pregnancy, suggest that their children may be at risk of 
metabolic disease later in life.60 Intrauterine mechanisms are implicated, for example, 
by comparison of offspring born before and after surgery for severe obesity. Those born 
after maternal weight loss following surgery show improved cardiometabolic function 
(lower fasting insulin, glucose and triglycerides and higher HDLc) at age 2–26 years.29 
More evidence to confirm such effects, their applicability to less severe obesity and on 
mechanisms is warranted. 

Socio-economic conditions over the life course: The UK birth cohorts demonstrate 
life-long associations between early socio-economic conditions and later measures 
of cardiometabolic function, separate from (and accumulating with) the well-known 
associations with adult social position. Early socio-economic disadvantage predicts a poorer 
cardiometabolic profile in adulthood, across several measures including blood pressure, 
inflammatory and endothelial markers, metabolic syndrome.18 Physiological effects of 
early disadvantage are recognised internationally61 as affecting future inequalities in 
cardiometabolic outcomes. In addition, there is growing evidence for links between other 
childhood adversities such as maltreatment and adult cardiometabolic function,62,63 and 
research to unravel possible explanations is currently underway.

Developmental origins of adult mental and physical capacities 
It has been long-established that the early environment, from the intrauterine period 
through to early adult life, along with genetic inheritance, powerfully shapes cognitive, 
emotional and physical development. Recent research often involves imaging markers of 
function and structure;64,65 for example, an MRI study showing how birthweight and other 
neonatal characteristics shape brain development.66 Positive environmental stimuli are 
required for children to meet their full developmental potential; material and psychosocial 
adversities can impair or delay development. In turn, indicators of developmental and 
educational attainment, along with environmental and genetic factors, are associated with 
adult mental (cognitive and emotional) and physical capacities.67,68,69,70,71 The evidence base 
is being strengthened by studies that better characterise the timing, type and severity of 
early adversities, developmental trajectories, and the range of adult outcomes and their 
change over time (see illustrative examples).72,73 Interestingly, the key mediators of biological 
embedding of early adversity noted above, namely inflammation, neuroendocrine processes 
and neural structure and function, are also seen as key biological mechanisms, along with 
changing body composition, of later life functional decline and the emergence of frailty.74 

Increasingly, functional ageing is assessed using tests of strength, physical performance 
(such as walking speed, chair rising, standing balance) and cognitive performance (such as 
verbal memory and processing speed). Maintaining function is associated with continued 
independent living, whereas reduced levels of performance predict subsequent morbidity 
and mortality.75 There is strong evidence from systematic reviews that disadvantaged 
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childhood socioeconomic conditions are associated with poorer walking speed and chair rise 
time right across life.76 NSHD findings show striking similarities in childhood relative social 
inequalities of a range of tests of physical and cognitive performance in men and women 
in their early sixties; various pathways across life were implicated, including both physical 
growth and neurocognitive development.77 

For example, there is strong evidence that lower birth weight is associated with lower grip 
strength across life, independent of later body size.78 NSHD findings show that prepubertal 
height and weight gain were also positively associated with midlife strength and physical 
performance, but weight gain from puberty onwards had adverse effects on performance,70 
except for grip strength in men which was probably due to pubertal muscle development.69 
Neurodevelopmental indicators, such as infant motor milestones, childhood cognitive ability 
and adolescent motor co-ordination are also related to adult physical inactivity,79,80 physical 
and mental performance,68;70 and brain structure.81,82

Concluding remarks
In 1976, the Court Report on child health services emphasised ‘the extent to which 
experience in childhood determines the adult outcome’ noting that during growth, the 
child is ‘literally being created by the slowly forming imprint of experience, the essential 
tension between the biological and the social, hereditary and environmental influences’.83 
It argued that ‘the effects of early disadvantage can be much diluted by the environmental 
circumstances the child encounters during the middle and later years of childhood; and 
that it is especially worth making this corrective effort because early disadvantage leads to 
later disadvantage, so that, unless there is an intervention, there develops a compounding 
of the difficulties. It is this chain of events that is influential rather than the critical effects of 
particular circumstances in early life considered in their own right’. Forty years later, Dame 
Sally Davies in the Annual Report of the Chief Medical Officer for England 2012, entitled 
‘Our children deserve better: prevention pays’ acknowledged the ‘growing knowledge of 
the complex interplay between psychosocial events and biological factors, and we now 
understand that events that occur as a fetus and in early life play a fundamental part in 
later life, and indeed in the lives of future generations….The evidence base for the life 
course approach is strong. What happens early in life (indeed in fetal life) affects health 
and wellbeing in later life’.84 Professor Barker’s research suggested that some insults in the 
prenatal and early postnatal period could be critical and difficult to modify. This key question 
on whether early damage to health can be lessened or eliminated is a challenge for current 
research that raises further questions on how difficult it is to achieve, and on the most 
effective type and timing of interventions.85 However, the ultimate goal to achieve individual 
well-being and societal wealth, is to provide safe and secure environments in which each 
generation can have a healthy start to life. 
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Recommendations

The following four main recommendations require action beyond individual behaviour that 
is at national level, to address the broader social and economic drivers influencing early 
environments and possible remedial actions.

1. 	There is strong and growing evidence that many aspects of adult health have their origins 
in prenatal and child development. Thus, societal efforts to support the maximisation of 
physical, cognitive and emotional development of children are a high priority to promote 
health at later life stages, including independence and functioning in old age. These 
efforts are needed for all children, and in particular for the most vulnerable. Foremost, 
strategies should be devised to prevent all forms of early adversity, including 
deprivation or trauma. For example, by providing:

–– �support to all new parents during pregnancy, childbirth and infancy to enable parents 
to give their children the best start to life. This includes material and emotional 
security and access to effective health visiting

–– �support for families to provide stimulating environments that maximise all aspects of 
child development, e.g. through the Sure Start programme 

–– �effective regulation of, and protection from, hazards in the physical environment that 
are known to disrupt child development with long-term health consequences 

–– �extra support for vulnerable families where the physical, cognitive or emotional 
development of children is delayed

–– �effective protection for children from abusive or neglectful parents and other adults 

2. 	Life course research reveals that factors at different life stages combine (interact and/ or 
accumulate) to influence later health outcomes. This suggests that, in many instances, 
it is never too late to lessen the health burden associated with a poor start in life. 
Interventions to reduce the short-term and lifelong impact of early life adversities need to 
be developed, evaluated and implemented. For example, by providing:

–– �safety nets for adolescents and young adults who make choices that harm their health, 
enabling them to return to a healthy trajectory

–– �effective services that reduce the chance of smoking initiation, and cut down alcohol 
consumption, and offer effective ways of ceasing smoking and alcohol abuse

–– �effective services to support young adults during the transition from education to 
work and in leaving the parental home

–– �effective contraception services for young women and men and pre-pregnancy advice 
so that every baby is wanted

3. 	Key to healthy adult cardiometabolic and other functional outcomes is to prevent or 
delay onset of obesity, particularly in childhood and adolescence, and adiposity gain at 
any life-stage. Action is needed to weaken the parent to child intergenerational obesity 
link, to reduce continuity (i.e. tracking) of obesity from child to adulthood and to prevent 
excess adiposity gain. For example, by:

–– �optimising the chance of good nutrition by ensuring local availability of food outlets 
that facilitate good nutritional choices, and offering advice to parents, children and 
young adults

–– �optimising the chance of healthy exercise by ensuring local availability of open spaces, 
public facilities and transport options that facilitate good exercise choices, and offering 
advice to parents, children and young adults for initiating and maintaining exercise 
habits

4. 	Social inequalities in adult health and function have their origins in socially 
patterned exposures and experiences during development. Policies and interventions 
that focus on reducing these social differences are needed to address inequalities in adult 
health as well as improving population health overall.
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