
ABSTRACT – We expect that most pregnancies will
bear normal babies, which will grow up into
healthy young adults free of the risk of serious
disease. We also believe that many common dis-
eases and causes of death in adulthood may be
preventable through changes in living conditions,
diet and lifestyle.

The 20th century saw a massive decline in
childhood mortality and morbidity as well as
improvements in child health. The relations
between environmental influences and genetic
endowment in the genesis of disease are ever
clearer, and at their ‘extremes’ susceptible to
interventions. The burden of infectious disease
has been reduced to 5% of what it was a century
ago, and many chromosomal and monogenic dis-
eases can be avoided or their effects ameliorated
before or soon after birth.

Nevertheless, there is strong evidence that
poor environmental conditions are the principal
determinants of ill health at all stages of life, and
it follows that the optimal time to intervene to
correct them is in early life. Moreover, we recog-
nise the principal risk factors for chronic adult
disease, and also have the tools to measure
genetic susceptibility to them. There is, therefore,
hope that as their natural history becomes better
defined, they will be increasingly preventable or
treatable.

The challenge to paediatricians now is to
ensure that children are not only born healthy
and remain healthy, but also grow up to be
healthy adults. When it is increasingly clear that
the origins of many adult diseases are in child-
hood or before, paediatricians should strive to
work closely with their colleagues in primary
care, public health, clinical genetics, education,
government, housing, environmental and social
services, toward the common goal of promoting
optimum health throughout the fullness and
completeness of life.

One of the forces that led to the foundation of the
Royal College of Paediatrics and Child Health
(RCPCH) was the belief that children are different
from adults, and that the care of the sick child is

based upon principles other than ‘scaled down’ adult
medicine alone. Yet children are destined to become
adults, and their health in adulthood has its roots in
childhood. While paediatricians are organising
themselves into a distinct professional group to pro-
mote and defend the interests of children, the links
between child and adult health are becoming more
apparent, and ways in which the early origins of adult
disease can be investigated and modified are within
closer reach.

Advances in child health

Paediatricians (literally ‘child healers’) see themselves
as doctors who care for sick children. However, they
owe their position largely to advances in public
health. Until the 20th century, childhood mortality
was dominated by acute, usually infectious, disease.
At least one in four children died before the age of
four, and those that survived often died prematurely
from chronic bone, heart, lung or kidney disease.
From around 1750 rising standards of living led to
better housing and diet; then from 1850 advances in
public health greatly improved sanitation, hygiene
and housing; and during the last half century nutri-
tion and immunisation programmes have added to
the steady decline in the incidence of infectious dis-
ease1,2. Antimicrobials have made a relatively small
and late contribution. The revolution in bacteriology
and public health that began at the end of the
19th century had a great impact on children because
they were so vulnerable.

The decline in childhood infectious disease has
been followed by a rise in the early detection of con-
genital abnormalities and inherited diseases.
Between 2% and 5% of all liveborn infants have
genetic disorders or birth defects, and it is estimated
that their prevalence is around 50 per 1000 of the
population3. Antenatal and postnatal screening can
identify many structural abnormalities in utero and
after birth, and also an increasing number of
chromosomal disorders, biochemical defects and
inborn errors of metabolism, which include both
single gene disorders and some polygenic diseases.

The effects of these achievements mean that the
great majority of children can now expect to be born
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free of congenital abnormalities or have them detected in early
life, and to grow up free of the risk of serious infectious disease.
Infections cause less than 5% of the disease they caused in 19001.
Childhood mortality rates have now fallen to less than 10 per
1000 live births and average life expectancy has increased by over
50%, from around 50 to 75 years. Survival curves have thereby
assumed an increasingly rectangular shape, with a flattening of
the rate of decline hitherto characteristic of early life4.
‘Rectangularisation’ of the survival curve (Fig 1) suggests that
the limits of the reduction of premature mortality may be near,
but hides the fact that for many adults considerable morbidity
precedes mortality, and that current comparable morbidity
curves are akin to the mortality curves typical of earlier periods
of this century. Much adult disease is the end stage of lifelong
processes which have their origin in early life.

Origins of adult disease

Disease is a maladaptation to the environment, and the extent to
which the baby, child, adolescent or adult succeeds in achieving
and maintaining health is a function of his or her genetic
endowment and environment. There are clearly environmental
factors in early life that can have lifelong adverse effects –

exposure to rubella in the womb, iodine deficiency in infancy,
polio in childhood all disrupt normal development and cause
permanent damage. These diseases are primarily ‘environ-
mental’. At the other extreme are ‘monogenic diseases’, such as
thalassaemia or cystic fibrosis (CF), due to a single gene defect,
which can be detected and are manifest in early life. For many of
these Mendelian disorders we now know the site of the genetic
defect, the abnormal gene product, the pathophysiological
consequence, and the clinical features of the disease.

Some monogenic diseases that are expressed in later life
depend on an environmental factor: phenylketonuria (PKU)
and galactosaemia are examples, both becoming manifest when
feeding begins after birth as a result of a specific nutrient (pro-
tein containing phenylalanine, or milk containing galactose) in
the diet. Control of diet means that many affected children enjoy
normal growth and development to adulthood. Other mono-
genic diseases, such as certain hypercholesterolaemias and
cancers, are not expressed until later life, by which time their
harmful effects may be well advanced.

However, much chronic ill health is multifactorial, arising
from disorders of more than one gene. It involves co-inheritance
of several genetic determinants that usually have to interact with
environmental factors before disease is manifest. These poly-
genic diseases are hard to detect in early life and treatment aims
to control their expression and progression. They are thought to
be responsible for up to 80% of all adult deaths, and as high a
percentage of total disability. Arterial disease leading to stroke
and coronary artery occlusion, arthritis, diabetes, chronic
obstructive airways disease and cancers are the principal causes
of chronic adult ill health and all develop insidiously, beginning
in early life, and cross the symptom threshold in adulthood.

Environmental factors: childhood, poverty and
adult disease

Many of the ‘environmental’ risk factors for these adult diseases
are well recognised – smoking, obesity, hypertension, high-fat
low-fibre diet, lack of exercise etc – and public health pro-
grammes, based on a ‘lifestyle’ model of the aetiology of disease,
target them. The strong social class relation between these risk
factors and chronic diseases has drawn attention to the connec-
tion between poverty and ill health. There is a four-year differ-
ence in the life expectancy of the citizens of Glasgow and
Edinburgh, for instance. The mortality rates of both men and
women of all ages from stroke, heart disease and cancers in these
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Fig 1. Rectangularisation of survival curves. (a) About 80%
(tinted area) of the difference between the 1900 curve and the
ideal curve (tinted plus hatched area) was eliminated by 1980.
Trauma is now the principal cause of death in early postnatal life.
(After Fries4.) (b) Survival curves of mortality, disability and
morbidity. (After Ebrahim24.)
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Key Points

Diseases are due to the interaction of genetic and
environmental factors

Most acute childhood diseases are avoidable, controllable or
treatable

Many adult diseases have their genesis in early life, and are
due largely to sustained adverse environmental influences



two Scottish cities, which differ markedly in their levels of
socioeconomic deprivation, have been apparent from late child-
hood in successive generations throughout the 20th century5.
Many adult diseases are, therefore, often the end stage of a
lifelong process of social, economic and environmental
disadvantage whose origins and effects can be observed first in
childhood.

There has long been an intuitive sense that sound child health
is the foundation of sound adult health. Recruitment to the
armed forces during the Boer and First World Wars revealed
alarming levels of poor health and nutrition in young men, and
in the first half of the 20th century the dominant public health
view, based on demographic changes in age-related death rates
and actuarial analyses, was that factors acting in childhood
determined the risk of mortality in adulthood6. This view
declined after the Second World War, in part due to a rise in the
prevalence of smoking-related heart and lung diseases in
middle-aged men, which focused preventative programmes on
adult lifestyle. However, we are now seeing a re-emergence of
theories relating early life events with the risk of adult disease3.

The relative risk of death from stroke and gastric cancer is
strongly related to poor socioeconomic conditions in childhood,
and mortality from coronary heart disease and respiratory
diseases is dependent on poor social circumstances in both
childhood and adulthood, while death from accidents, violence
and lung cancers is mainly related to factors in adulthood7.

Children are particularly vulnerable to poverty and the
number living in very poor socioeconomic circumstances has
grown in Britain from around 10% in the late 1970s to more
than 30% (over 4 million) now. Two in every five children are
born into poverty which, measured by social class, is associated
with increased perinatal, infant and child mortality, low birth-
weight and high hospital admission rates in the first year of life.
Parental smoking, drinking and substance abuse are all more
common in the poor and socially disadvantaged. Poverty is asso-
ciated with less uptake of immunisation, low uptake of health
surveillance and antenatal and postnatal screening, higher inci-
dence of childhood accidents, greater frequency of infectious
disease and teenage pregnancies8. Poverty is also associated with
poor maternal diet before and during pregnancy, low breast-
feeding rates, inappropriate weaning foods, poor dental health
and inadequate diet during the pre-school period9.
Dietary surveys of pre-school children, adolescents
and adults in Scotland show that poor diet is estab-
lished at an early age, and unhealthy childhood
eating patterns not only persist into adulthood, but
are also imprinted onto succeeding generations10. 

Early life is clearly a critical period for adult
health, but the major chronic diseases of adulthood
may be a consequence of more than simply the
effects of ‘poor’ genes or an adverse environment.
The expression of some adult diseases appears to be
‘programmed’ during the ‘critical period’ of early
life. There is evidence, mostly from retrospective
epidemiological studies, of a prenatal or perinatal
contribution to the aetiology of cardiovascular

disease, hypertension, type 2 diabetes, certain hyperlipidaemias
and coagulopathies11. There are at least three hypotheses that
can explain the connection between early life ‘experience’ and
adult ill health (Table 1).

Associations between poor growth and nutrition in early life
and adult disease suggest that perinatal malnutrition may per-
manently affect metabolism in some way. Low birthweight may
be both a marker and determinant of later ill health (Fig 2).
Somatic growth, neurodevelopment, bone density, cardiovas-
cular function, energy metabolism, blood pressure and body
composition may all be in part determined by ‘experience’ in
early life12,13. But the magnitude of this ‘programming effect’ is
unclear: there are difficulties in knowing to what degree
environmental factors in adult life are also responsible, and in
identifying mechanisms to account for it14,15.

Genetic basis of adult disease: promise of ‘new
genetics’

Diseases are largely defined by their clinical expression, using
terms that describe symptoms, signs or pathophysiology (eg
diabetes mellitus, cirrhosis, hypertension). Molecular genetics
increasingly allows us to define them by their mechanisms and
to move from a phenotypic to a genotypic classification of 
disease. This change in focus, from the manifestations of disease
to the mechanisms involved in their pathogenesis, is trans-
forming our understanding of the natural history of disease (in
particular gene–environment interactions) and could generate
more rational treatments aimed at the fundamental defect16.

Hitherto molecular genetics has been used to identify single
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Table 1. Hypotheses that can explain the connection
between early life ‘experience’ and adult ill health.

l Clustering of populations with genetically determined risk
factors associated with adult disease in poor socioeconomic
groups.

l Continuing, sustained adverse effects of poverty operating
throughout life (in both childhood and adulthood).

l Exposure to events in early life that increase the risk of adult
disease (programming).

Fig 2. Suggested alternative relations between poverty, low birthweight,
maternal, childhood and adult ill health. IUGR, intrauterine growth
retardation; LBW, low birthweight.



gene disorders, but its focus is now shifting to 
multifactorial, polygenic common diseases (Fig 3),
and the genes and DNA variants associated with
them. Some chronic adult diseases, such as diabetes
mellitus, hypertension and vascular disease, can be
divided into genetically defined subgroups (patients
with variants in insulin receptors, ACE genes and
LDL receptors, for instance), and genetic linkage
analysis is leading us to the site of new genes 
for common diseases. Genetic markers are allelic
variants at a particular locus that have strong disease
associations, and in the future many of these are
likely to be defined. As the technology becomes
more rapid, reliable and cheap, DNA analysis could
play a growing part not just in diagnosis, but also in
determining disease progression, prognosis, and
choice of treatment, as well as complications and
response to treatment17.

There remains a gap between our understanding
of the molecular mechanisms of disease and its
expression. Even the first step between gene and
gene product is far from clear and predictable, and
the rise of ‘translational research’, ‘structural
biology’ and ‘integrative physiology’ is driven by our
need to make clinical sense of the human genome18.

Mother and child in the third millennium: 
what should we do?

With the massive decline in infant and child mortality during
the 20th century and control of many infectious diseases that
killed adults or led to premature death, the practice of paedi-
atrics has changed fundamentally. Paediatricians should turn
their attention to ensuring that the children they look after not
only grow up to be adults, but also enjoy an adult life free of
chronic disease. 

Strategies for the management of chronic adult diseases used
to concentrate on the prevention or avoidance of factors that
lead to them, aimed at changing diet and lifestyle in adult life
rather than before, postponement of their rate of progression, or
treatments that increase the threshold of symptom expression.
However, we now have the conceptual framework and, to some
degree, a practical understanding of the connections between
genotype and phenotype in the genesis of many diseases to
tackle them much earlier in their development. So what should
we do?

Act upon the evidence that environmental factors are
the principal determinants of both childhood and adult
disease

Whatever the connection between early life ‘experience’ and
adult ill health, the evidence is sufficient to justify concentration
of resources and implementation of interventions during fetal
life and early childhood. Getting rid of child poverty requires no
scientific justification, and is likely to have a positive effect on

child health. The evidence for the adverse effects of poverty on
child health is overwhelming, and many evidence-based inter-
ventions designed to reduce inequalities in health are aimed at
mothers and children. Provision of social, financial and psycho-
logical support during pregnancy and childbirth, smoking
cessation programmes for pregnant women, folic acid supple-
mentation before and around the time of conception, neonatal
biochemical screening, personal support for breast-feeding, free
school milk and meals, fluoridation of water supplies, interven-
tions to reduce accidents in children of deprived communities,
provision of sex education and services to reduce teenage preg-
nancies, improving oral hygiene, reducing sugar and saturated
fat intake, and promoting healthy eating have a positive effect on
the health of children8.

Acheson, referring to many of the studies cited before19, rec-
ommended that a ‘high priority is given to policies aimed at
improving health and reducing inequalities in women of child-
bearing age, expectant mothers and young children’. He also
suggested that policies that reduce early adverse influences are
likely to have multiple benefits throughout the life of children
and even into the next generation.

Seek to be involved in studies aimed at testing the value
of genetic markers of adult disease

Prevention can target adverse environmental factors, but to
know where best to concentrate it we need to learn much more
about the relation between genetic susceptibility and the natural
history of the corresponding disease phenotypes. Screening in
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Fig 3. Interactions of environmental factors and gene expression
contributing to multifactorial polygenic diseases. The circles represent
different genetic factors, with overlapping areas corresponding to increased
genetic susceptibility due to multiple gene effects. The background represents
the environmental contribution, which may be protective or deleterious. 
The letters relate to the risk of disease: A, low risk unless monogenic disease;
B, medium risk; C, moderate to high risk; D, high genetic susceptibility; 
E, disease phenotype. (After Galton and Ferns25.)



early life (both ante- and postnatally) for several ‘childhood’ dis-
eases is well established and effective, but should be undertaken
only if effective treatment of the disease is available20.

In some monogenic and polygenic diseases where no effective
treatment is available (such as neural tube defects), antenatal
detection can be followed by termination of pregnancy, but in
diseases that have later expression it is essential to be sure of the
reliability of genetic markers to predict later outcome. However,
for both PKU and CF the relations between genotype and
phenotype are far from simple. As a ‘classic’ monogenic auto-
somal recessive disease in which a single mutation (genotype)
seemed sufficient to explain the impaired function of phenylal-
anine hydroxylase, the clinical expression (phenotype) of PKU is
very variable21.

In CF, where at present supportive means is the best we have to
offer, the debate about the pros and cons of screening remains
unresolved. More than 850 ‘abnormal’ genes can cause CF, and
even children with the commonest (homozygous for DF508) can
range in the severity of their disease from severe pancreatic insuf-
ficiency to near normal pancreatic function, and it is unproven
whether early detection improves long-term outcome22. Clearly
there are genes other than those recognised at the primary loci
that are responsible for the clinical manifestations and natural
histories of these ‘monogenic’ diseases23.

For multifactorial adult diseases there is, therefore, a need to
develop ways of properly measuring the effects of early detection
and intervention in early life on later outcome. This will become
increasingly pressing as population studies identify genetic
markers that predict high risk of particular diseases to individ-
uals and families. Paediatricians must be aware of the implica-
tions of these findings to their practice, and take part in studies
aimed at linking genomic research with pathophysiology and
clinical epidemiology. Moreover, the training of paediatricians
must not be isolated from that of other major medical special-
ties, and in particular should interface with clinical genetics,
public health and primary care.

Recognise the relative and complementary importance
of primary, secondary and tertiary health care

Polarisation of theories of the origins of ill health between envi-
ronmental and genetic extremes is reflected in the spectrum of
approaches to the treatment of disease, from primary through
secondary to tertiary care. Primary care focuses upon children at
home, outside hospital, and embraces community paediatrics as
well as general practice. Much of the thinking that informs the
planning and delivery of primary care is based on a social model
of health and disease. Secondary care covers the treatment of
patients in hospital, and a medical model of disease is the 
dominant framework in which it is practised. Tertiary care,
located mostly in major medical centres, encompasses specialist
services, intensive care and biotechnology, and a scientific
model is shared by its practitioners. It is the job of the NHS to
co-ordinate all three levels of care, and the holy grail of
paediatricians is to integrate them into a single service for
children.

With rectangularisation of the survival curve, and increasingly
the morbidity curve24 (Fig 1), paediatric medical centres have
become the place for the care of a small number of children with
life-threatening injury or disease, infants born prematurely,
planned surgery and the management of chronic diseases that
require continuous or regular multidiciplinary care. Paediatri-
cians must recognise the relative and complementary contribu-
tions of primary, secondary and tertiary medical care, and work
towards a seamless, integrated health service for children that
recognises the childhood origins of many adult diseases.

Conclusions

The care of children with acute and chronic disease remains a
fundamental job of paediatricians. But they must also take
responsibility for the long-term health of all children, by recog-
nising how susceptible and vulnerable they are to malign
environmental influences (eg poor diet, parents and parenting,
child abuse, smoking, alcohol, accidents, drugs etc).
Paediatricians, in partnership with those who care for adults,
need to test properly ways in which the effects of interventions
in early life can be measured. It must be at least as worthwhile to
do this as to mount large and expensive studies aimed at testing
the efficacy of cholesterol-reducing agents or anti-hypertensive
drugs in adults.

It is the responsibility of paediatricians, therefore, to look
beyond the immediate needs of children and to work with adult
physicians, epidemiologists, general practitioners, clinical scien-
tists, policy makers, politicians and public health doctors to
identify the mechanisms, to establish a proper framework for
further exploration of the relations between childhood events
and the development of adult diseases, and interventions to pre-
vent them. Good medicine cares for the whole person; good
paediatrics must care for the whole life.
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