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Life course epidemiology and public health
Cornelia Wagner, Cristian Carmeli, Josephine Jackisch, Mika Kivimäki, Bernadette W A van der Linden, Stéphane Cullati, Arnaud Chiolero

Life course epidemiology aims to study the effect of exposures on health outcomes across the life course from a social, 
behavioural, and biological perspective. In this Review, we describe how life course epidemiology changes the way the 
causes of chronic diseases are understood, with the example of hypertension, breast cancer, and dementia, and how 
it guides prevention strategies. Life course epidemiology uses complex methods for the analysis of longitudinal, 
ideally population-based, observational data and takes advantage of new approaches for causal inference. It informs 
primordial prevention, the prevention of exposure to risk factors, from an eco-social and life course perspective in 
which health and disease are conceived as the results of complex interactions between biological endowment, health 
behaviours, social networks, family influences, and socioeconomic conditions across the life course. More broadly, 
life course epidemiology guides population-based and high-risk prevention strategies for chronic diseases from the 
prenatal period to old age, contributing to evidence-based and data-informed public health actions. In this Review, we 
assess the contribution of life course epidemiology to public health and reflect on current and future challenges for 
this field and its integration into policy making.

Introduction 
Life course epidemiology aims to study the effect of 
exposures across the life course (notably early in life) on 
health, looking as far back as exposures during gestation 
or in previous generations.1,2 It draws on expertise 
from multiple scientific disciplines, ie, epidemiology, 
sociology, psychology, biomedical sciences, and other 
fields related to population health sciences. In the 
biomedical sciences, Barker’s hypothesis of fetal 
programming3 was crucial for the early development of 
life course epidemiology, stating that fetal nutrition can 
contribute to the risk of adult chronic diseases, such as 
diabetes or hypertension. In the social sciences, alongside 
social epidemiology, interest in long-term socio-
environmental exposures was notably introduced by 
Elder in his study of Californian birth cohorts to 
understand the social and health impacts of the Great 
Depression.4 The term life course epidemiology was 
coined in the 1990s to define a field of study interested in 
early-life and later-life determinants of chronic diseases.5

Since then, life course epidemiology has contributed 
substantially to the study of chronic diseases and has 
gained popularity across epidemiology and public health. 
Barker’s fetal programming hypothesis has grown into 
the developmental origins of health and disease  
approach in medical research, which places emphasis on 
prenatal environmental exposures as determinants of 
later-life health.6 This approach expands the classic 
epidemiological and biomedical perspective of the crucial 
role of risk factors during midlife as the causes of chronic 
diseases in later life to exposure to risk factors at other 
ages or other life stages.7 Life course research has been 
made possible through the availability of prospective and 
retrospective birth cohort studies and other large, 
population-based, longitudinal studies (within and 
across generations) that collect a wide range of individual, 
biological, social, and environmental data over decades of 
life. Beyond the analysis of longitudinal data, life course 
epidemiology is a field in its own right with unique 
theories, methodologies, and public health implications.1,5

Although life course epidemiology is established in 
scientific research, its application to public health policy 
making is less advanced. Possible reasons are the high 
context specificity of some findings, the complexity of the 
mechanisms involved, and the challenge of establishing 
causality across the life course. Nevertheless, policy 
making already benefits from life course epidemiological 
concepts and findings, notably in the form of primordial 
prevention, the prevention of exposure to risk factors.8,9 
Reviewing how life course epidemiology helps design 
prevention strategies for chronic diseases, how it changes 
the way the cause of chronic diseases is understood, and 
how it informs population-based, high-risk, and vulnerable 
population preventive strategies is therefore important and 
timely.

From life course models to policy making
Life course models
Life course research is based on a set of five basic 
principles defined by Elder and Shanahan.10 These are: 
lifespan development (human development and ageing 
are lifelong processes not restricted to specific life 
stages); agency (people have the capability to take actions 
and make choices that shape their lives within the 
constraints of environmental, social, and historical 
contexts); time and place (every individual life course is 
embedded within and influenced by its specific historical 
time and place); timing (the same events and behaviours 
can have different effects depending on when they 
happen in the life course); and linked lives (people do not 
experience life alone but influence each other through 
shared interdependent relationships).

These principles have contributed to the development 
of theoretical causal models that explain how exposures 
across the life course cause health outcomes in later life.10 
These models are simplistic by design to highlight 
potential causal mechanisms underlying the associations 
between exposures and health across the life course.11,12 
In the life course epidemiology of chronic diseases, four 
models are frequently used: the sensitive period model; 
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the accumulation model; the pathway model; and the 
social mobility model (figure 1).11,13

The sensitive period model focuses on the differential 
effect of an exposure depending on its timing. It posits 
that there are some periods across the life course, 
commonly in early life, during which an exposure has a 
stronger effect on health than if it were to happen outside 
of those periods. Gestation is a sensitive period for 
multiple exposures.1 For instance, prenatal exposure to 
maternal starvation during the Dutch famine (1944–45) 
was associated with increased risk of later-life coronary 
heart disease, obstructive airways disease, and decreased 
glucose tolerance, depending on whether maternal 
starvation happened in early, mid, or late gestation, 
respectively.14 Life transitions are also typical sensitive 
periods, such as the transition to motherhood, which is a 
major biosocial event.15 Generally, there is the possibility 
of recovering from the effect of an exposure during a 
sensitive period. In contrast, an exposure during a critical 
period is considered to have a more permanent effect. 
For instance, lead exposure during early childhood, a 
critical period for brain development, can result in 
permanent cognitive impairments that persist into 
adulthood.16 Identifying potential sensitive and critical 
periods for disease risk factors across the life course aids 
in the optimal timing of preventive interventions.

The accumulation model focuses on the accumulation 
and duration of exposures rather than their timing. It 
states that the accumulation of exposures across the life 
course determines later disease risk. This effect can be 
caused by an accumulation of different risk factors or by 
exposure to the same risk factor over an extended period. 
For instance, an accumulation across the life course of 
socioeconomic disadvantage,17 low birthweight,18 physical 

inactivity, and high salt intake during childhood and 
adolescence,19 can result in hypertension in midlife.20 
The relationship takes the form of a dose–response 
association that incrementally builds towards a disease 
state. Accumulation of risks can be linear or exponential. 
Following this model, preventive interventions aim to 
stop the accumulation of risk before the disease threshold 
is attained.

The pathway model focuses on the sequential link 
between multiple exposures. It is also known as the 
chain-of-risk model since it states that each exposure to a 
risk factor increases the likelihood of being exposed to 
another risk factor.21

Finally, the social mobility model focuses on the 
direction of change of an exposure and is used almost 
exclusively for the study of the effects of socioeconomic 
exposures. According to this model, social exposures are 
states that individuals can transition in and out of: 
individuals can move between different social classes or 
income levels, and the direction of this change—upward, 
downward, or non-mobile—determines their later 
disease risk.22,23 In a Swedish study, the direction of 
change between occupational classes between ages 
25 years and 55 years was associated with myocardial 
infarction risk.24 Specifically, moving from a non-manual 
to a manual occupation in later life—ie, downward 
mobility—was associated with an increased risk of 
myocardial infarction compared with no change in 
occupation class. Potential interventions could build 
upon this knowledge by promoting policies that favour 
upward social mobility in the population. One 
shortcoming of the social mobility model is the challenge 
of disentangling the effects of the final exposure, per se, 
from the effects of the trajectory leading up to this last 
exposure.25

These four models acknowledge the fundamental 
social causes of disease that contextualise individual-level 
determinants of health. Individual risk factors should be 
contextualised by “attempting to understand how people 
come to be exposed” or come to be put at the “risk of 
risks” to design more effective preventive interventions.26 
Furthermore, social factors such as socioeconomic status 
can be considered fundamental causes of diseases, since 
they determine people’s access to health-protective 
resources, such as knowledge, money, power, prestige, 
and beneficial social connections.26 If social conditions 
truly put people at risk of risks, life course-informed 
policies aiming to decrease health inequalities should 
target social causes in addition to more proximal causes. 
The vulnerable population preventive strategy is built 
partly on this concept.26,27

Testing the value of these models has been made 
possible by the availability of large, population-based 
cohort studies in, for example, the UK (eg, the 1958 
National Child Development Study and Lothian birth 
cohort studies), Finland (eg, the Northern Finnish Birth 
Cohort Study), and New Zealand (eg, the Christchurch 

Figure 1: Life course models for the causes of chronic diseases
A, B, C, and D are exposure at different times during the life course. Arrows show 
causal effects; dotted arrows signify weaker causal effects.11
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Health and Development Study).28 Birth cohorts typically 
consist of population-based samples of individuals born 
in a given period of time and followed up from birth or 
later in life over many years, if not across generations. 
The advancement of life course epidemiology has also 
been facilitated by biobanks linked to cohorts, aiming to 
assess the exposome of large samples of the population.29 
The strength of such large-scale cohorts lies in the 
collection of individual, biological, social, and environ
mental data over long periods of time, spanning decades 
of life. Together with the accumulation of these data 
came the development of advanced statistical methods 
for multicohort and big data research that make their 
analysis possible.30

Life course perspective on chronic diseases 
A life course epidemiological approach can be applied to 
the study of any type of disease, but it has been especially 
useful in the understanding and prevention of chronic 
diseases. Life course epidemiology offers a framework 
for examining the cause of chronic disease across life 
stages with appropriate concepts and vocabulary 
(appendix pp 1–2) and, as a result, shapes disease 
definitions, health-related beliefs and fears, and 
preventive strategies.31 In this section, we review how life 
course epidemiology has changed the way hypertension, 
breast cancer, and dementia are understood and its 
impact on their prevention (figure 2). These examples 
were chosen due to their high public health burden and 
suitability for a life course perspective.

Hypertension 
Hypertension is a state of sustained elevated blood 
pressure and is a major modifiable risk factor for cardio
vascular diseases—the leading cause of death world
wide.20,32–34 The study of cardiovascular diseases lends 
itself particularly well to a life course approach since 
most cardiovascular diseases happen in later life and are 
typically understood as the outcomes of a lifetime 
exposure to causal risk factors, including smoking, 
dyslipidaemia, obesity, diabetes, and hypertension.33,35 

Although these risk factors were initially focused on 
during midlife, a growing number of studies have 
pointed at early life as a sensitive period for the 
development of these factors, establishing their effect on 
cardiovascular diseases in later life.9

Causes of hypertension can be identified across the 
entire life course, starting at conception and the first 
1000 days of life.36–38 Hypertension has been associated 
with fetal exposure to maternal smoking,39 under
nutrition while in utero,3 low birthweight,40 and 
increased salt intake in the first months of life.19,41 In 
midlife and later life, elevated blood pressure is a major 
cause of cardiovascular diseases42 and a large number of 
drug trials have shown that lowering blood pressure 
reduces the occurrence of these diseases (and related 
mortality)33,43 and dementia.44 Additionally, exposure to 
hypertensive risk factors is at its peak during midlife 
and later life, including high alcohol intake,45 high salt 
intake,46 and high BMI.47

With the identification of risk factors across the life 
course comes the opportunity for targeted life stage-
specific interventions, with the aim of directing the 
health–disease trajectory towards an optimal path 
(figure 3). An extensive and in-depth guide to possible 
interventions is listed in the Lancet Commission on 
hypertension’s call to action20 for a life course strategy to 
address the global burden of hypertension. To 
summarise, intervention strategies should be multi
faceted and target prevention, diagnosis, and treatment 
at the population and individual levels depending on the 
absolute risk of cardiovascular diseases. Clinical 
approaches at the individual level, including drug 
treatments, should target subpopulations at high risk (ie, 
people with a high absolute risk of cardiovascular 
disease) typically in midlife and later life. At the 
population level, interventions can be tailored to the life 
course. At all life stages, primordial prevention can be 
achieved via reduced salt intake, increased physical 
activity, and improved dietary habits. Early in life and 
during adolescence, the focus should be on effective 
health education; screening for hypertension is not 

Figure 2: Selected determinants of hypertension, breast cancer, and dementia risks across the life course
Some determinants have an effect during a specific period of the life course and others during multiple periods.
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recommended during this period of life.48 In midlife and 
later life, education should continue in the form of 
wide distributions of evidence-based knowledge and 
recommendations to promote cardiovascular health, and 
screening for hypertension and treatment programmes 
should be implemented.

Breast cancer 
Breast cancer constitutes approximately 25% of all 
cancer diagnoses in women and roughly 16% of cancer 
deaths in women.49 A classic life course perspective on 
breast cancer follows reproductive stages—ie, pre
menarche, menarche to first birth, pregnancy, and post-
menopause.50 The effect of breast cancer risk factors 
differs among these sensitive periods. For example, 
adiposity in early life, during premenarche, has been 
associated with lower risk of breast cancer,51,52 whereas 
adiposity after menopause has been associated with 
higher risk.53 Breast cancer can also be seen as the result 
of accumulated risk factors, particularly in relation to 
the timings of births and menarche. The Pike model 
postulates that the rate of breast tissue ageing, a risk 
factor for cancer development, slows down with each 
birth and after menopause, and is highest in the period 
between menarche and first birth.50,54 Thus, depending 
on when a woman experiences menarche, and when 
and whether she gives birth once or multiple times 
could change her lifetime breast cancer risk. This 
relationship exemplifies how identifying risk factors for 
breast cancer is not enough—a life course perspective 
can add the context needed to design targeted prevention 
strategies.55

For the prevention of breast cancer, multiple windows 
for intervention exist along the life course. Much 
emphasis has been put on secondary prevention through 
screening for early disease detection in midlife. 

The US Preventive Services Task Force recommends 
mammography screenings for women aged 40–74 years.56 
The timings for screenings based on this traditional 
approach of early disease detection are informed by 
clinical trials.56 Developments in the life course 
epidemiology of breast cancer offer new perspectives for 
primordial prevention strategies that are set earlier in 
life. Apart from genetic susceptibility and hormonal risk 
factors, large population-based studies have suggested 
that health behaviours (eg, alcohol intake, diet, and 
physical inactivity) could be modifiable risk factors for 
breast cancer and thus potential targets for preventive 
strategies.50 Some studies suggest that environmental 
exposures (eg, dioxins, air pollution, and heavy metals) 
might also be involved.57 Hence, rather than being 
limited to screening in midlife and later life, breast 
cancer prevention could start in early life within an 
eco-social preventive approach that targets both 
health behaviours and environmental risk factors at a 
population level.

Dementia 
Worldwide, people live longer and are thus more 
exposed to age-related diseases such as dementia. 
Dementia is the loss of cognitive function typically 
attributable to vascular and neurodegenerative brain 
damage.58 The occurrence of dementia in later life is 
affected by exposure to risk factors across the life course 
that diminish cognitive reserves—ie, an individual’s 
ability to cope with brain damage.59 Increasing and 
maintaining cognitive reserves throughout the life 
course could therefore prevent or delay the onset of 
dementia.60

In early life, education (as a form of mental activity) 
stands out as a target for intervention, since there is 
consistent evidence for education having a protective 
effect on later-life cognition,61,62 for example through its 
association with healthier behaviours.63,64 Nevertheless, 
mental activity might be beneficial across the entire life 
course and not only in the form of formal education. 
An individual participant data meta-analysis65 found 
that people who perform cognitively challenging jobs 
have a lower risk of dementia, regardless of their 
education. Furthermore, there is evidence that the 
longer people are exposed to socioeconomic hardships, 
the lower their level of memory function and the higher 
their rate of later-life memory decline.66 This evidence 
indicates that interventions are possible at every life 
stage, making dementia prevention a lifelong prospect 
that should combine widespread social and public 
health policies with individually tailored interventions 
at different life stages.60,67

A life course perspective for the prevention of dementia 
in early life, midlife, and later life has been adopted in 
policy and clinical guidelines. The 2020 report of the Lancet 
Commission on dementia prevention, intervention, and 
care, for example, identified 12 potentially modifiable risk 

Figure 3: Life course trajectories across the continuum of health and disease and how they are modified by 
interventions applied during different periods of life
Depending on the timing and type of intervention, and the causal process at stake, the effect on the trajectory will 
be different. The arrows signify which trajectory the interventions apply to.
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factors and incorporated these into a life course model of 
dementia prevention. These risk factors are, in early life: 
low educational attainment; in midlife: elevated blood 
pressure, hearing impairment, traumatic brain injury, 
high alcohol intake, and obesity; and in later life: 
depression, physical inactivity, diabetes, smoking, social 
isolation, and air pollution.60 This model illustrates the 
value of intervening early and continuously throughout 
the life course.

Causality and the life course 
Since the turn of the 21st century, developments in causal 
inference methods based on observational data have 
helped life course epidemiology move from a rich 
conceptual way of thinking towards a truly preventive 
strategy information tool. The three main data science 
tasks in epidemiology are description, prediction, and 
causality.68 Description aims to describe the world as it is, 
prediction aims to predict how the world might be, and 
causality aims to estimate how an outcome would change 
if we were to intervene on an exposure. One major issue 
in epidemiology is the enduring confusion between 
association and causality when explicit causal inference 
is necessary to guide prevention.7 This issue is especially 
true in life course, social, and environmental 
epidemiology in which evidence stems largely from 
observations and rarely from experiments such as 
randomised trials.69–71

Within observational studies, an increasingly adopted 
approach is based on the potential outcomes or 
counterfactual framework, with statistical models 
informed by expert knowledge encoded into graphical 
causal models and statistical estimation (notably via 
G methods).72,73 This approach has advantages for life 
course epidemiology compared with traditional 
regression-based or adjustment-based methods, as these 
informed statistical models can better handle exposure-
induced or time-varying measured confounding and 
reduce over-adjustment bias or mutual adjustment 
fallacies through appropriate covariate selection.74,75 Other 
methods useful for life course research encompass 
causal evaluation of risk factors via instrumental 
variables (eg, genetic and non-genetic instruments) and 
policy evaluations via econometric methods (eg, 
difference-in-difference, regression discontinuity, and 
interrupted time series).76–79

For instance, the effect of BMI on all-cause mortality is a 
classic and highly complex question in life course research, 
which is plagued by confounding and reverse causation 
issues that are intractable by typical epidemiological 
methods.80 Instrumental variables help overcome these 
limitations. In a large, population-based, intergenerational 
prospective study, when offspring BMI was used as an 
instrumental variable for paternal BMI, the estimated 
association between BMI and paternal cardiovascular 
disease mortality (hazard ratio [HR] per standard deviation 
of BMI 1·82, 95% CI 1·17–2·83) was stronger than that 

indicated by the directly observed association between 
individuals’ own BMIs and their cardiovascular disease 
mortality (HR 1·45, 1·31–1·61).80 Another example is how 
the life course mendelian randomisation technique can 
enlighten complex time-varying effects of age-dependent 
lifestyle factors on risk of chronic disease.81

Furthermore, advances in biobanks and omics have 
provided capacity for the joint measurement of thousands 
of biomarkers, such as proteins and metabolites, from a 
single stored sample. This increased availability of 
biomarkers has allowed for a better understanding of 
biological mechanisms across the life course, linking an 
exposure and a disease through the analysis of the 
mediating role of these biomarkers.65,81

Policy implications 
To translate life course research into policies for chronic 
disease prevention, what determines health on a 
population level and how to intervene to improve it 
must both be made clear.82 A relevant framework is the 
eco-social perspective that frames how health stems 
from interactions with the social environment.83,84 In 
this perspective, the individual is embedded within 
multiple social circles, starting from the immediate 
family, and moving on to include peers, neighbourhoods, 
cities, and countries of residence. Each level has an 
influence on health at a personal level and therefore 
determines the patterns of chronic diseases at a 
population level.

When considering eco-social and life course 
perspectives together, different strategies for chronic 
disease prevention emerge that target different eco-social 
levels across the life course, and these preventive 
interventions can either work together or independently 
of each other. We give an example of prevention strategies 
for hypertension from an eco-social and life course 
perspective (figure 4).20 In early life and in immediate 
social surroundings, policies targeting socioeconomic 
inequalities can create healthy family environments that 
allow children to engage in education and leisure 
activities, and to learn health-promoting behaviours early 
in life. Moving up a level, community-based projects can 
raise awareness of hypertension and grant universal 
access to screening and anti-hypertensive drugs in 
midlife and later life. On a city level, health-promoting 
urban spaces (eg, cycle lanes and walkable cities) can 
facilitate an active lifestyle in the entire population from 
childhood to old age. On a country level, legislators can 
protect the health of the population at all life stages via 
regulations, such as mandated salt limits in food 
production. Finally, at all ages and on a country-wide 
level, effective surveillance of hypertension and its risk 
factors are needed to ensure that prevention works.

Challenges 
Research in life course epidemiology faces several 
challenges. Longitudinal cohorts are expensive and 
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time-consuming to establish, and long periods of follow-
up are needed before valuable data are available. These 
requirements, in turn, often result in life course 
research being questioned for its reproducibility and 
generalisability—can findings from a generation born 
50 years ago be applied to the current generation?85 
Other study designs, such as case–control studies or 
trials, are limited when it comes to addressing life course 
epidemiological research questions.86 Measurement of 
exposures across the life course is also a major source of 
bias. This results in life course research often having to 
rely on incomplete or poor-quality data.

Another major challenge is that life course 
epidemiology often deals with weak effect sizes at an 
individual level.87 As for all fields of epidemiology, weak 
effects can be difficult to distinguish from bias 
introduced by study design, measurement errors, 
analyses, and residual confounding.88 The best ways to 
mitigate these issues are the same as for other 
epidemiological fields: use multiple approaches to verify 

results; strengthen statistical knowledge to prevent 
misuse of analyses; place importance on transparent 
and reproducible study protocols; and give researchers 
the right incentives to favour quality over quantity when 
publishing research.88,89 However, even with adequate 
study designs and analyses, weak effect sizes across the 
life course complexify policy making in terms of 
deciding where, when, and how to intervene, especially 
within a consequentialist perspective.90

One important question is to what extent life course 
epidemiology informs population-level or individual-level 
preventive interventions. Epidemiology in general, and 
life course epidemiology in particular, is primarily focused 
on population-level or group-level effects, providing 
evidence for population-wide and high-risk preventive 
interventions. Even a small effect size at an individual 
level might have major impacts at a population level if a 
large share of the population is exposed to the determinant 
in question. This fact is a major argument for the 
population-based preventive strategy advocated by Rose,82 
which is built on the insight that both risk and health are 
a continuum distributed in the population, implying that 
targeting the whole population rather than only the people 
at high risk of a disease is better for reducing disease 
burden. Many exposures examined in life course studies 
are highly prevalent, and this prevalence is part of the 
reason why a life course perspective is increasingly 
adopted for optimising the timing of population-level 
preventive programmes.91,92

The life course approach is also increasingly mentioned 
in clinical guidelines93 and family medicine,94 but the 
potential benefit at this level should not be overestimated 
because it can lead to inefficient pseudo-high-risk 
preventive strategies.95 Evidence from life course and 
social epidemiology also informs vulnerable population 
preventive strategies, promoting the mitigation of health 
inequities by tailoring preventive strategies towards 
vulnerable populations.27

Finally, the translation of life course epidemiological 
findings into preventive strategies is a balance between 
precision and simplicity. Policy makers could aim for 
precision, for example by acting early in life to reduce 
risk factor exposure during a sensitive period, but they 
might do so at the cost of simplicity (ie, by not acting at 
all ages to reduce overall risk exposure). For example, 
identifying smoking as a major risk for cardiovascular 
diseases in midlife does not mean that smoking 
prevention should not target other life periods. This 
translational challenge extends towards populations as 
well, for which the right balance between segmentation 
into subpopulations with targeted needs and wide 
population-based interventions needs to be found.96 A 
further challenge with implementing a life course 
approach in policy is the difficulty of persuading both 
the public and policy makers to embrace preventive 
interventions whose benefits can take decades to 
appear.

Search strategy and selection criteria

The starting point of study selection for this Review was based on the expertise of all 
authors, who listed important life course epidemiological concepts that needed to be 
addressed. We identified key studies, reviews, or textbooks in our fields (appendix p 3), 
which were summarised and placed into context with the other papers included in this 
Review. We conducted a broad search on MEDLINE and Google Scholar to identify 
additional papers and reviews on the topic of life course epidemiology. We considered only 
full-text articles published in English; there were no limitations regarding article 
publication dates. We concentrated our Review on influential concepts within life course 
epidemiology from the past three decades, aware of the potential bias stemming from a 
subjective study selection. Furthermore, we particularly considered studies and reviews on 
the life course epidemiology of hypertension, breast cancer, and dementia. These diseases 
were selected due to their high public health burden and suitability for a life course 
perspective. References were chosen for their importance, ease of access, and usefulness to 
readers who might want further high-quality reading options in this field.

Figure 4: Examples of hypertension prevention across eco-social and life course dimensions83

Perinatal
period

AdolescenceChildhood Midlife Later life

Life course perspective

Eco-social perspective

Individual behaviour

Family

Peers

Country

City

Reduce socioeconomic
inequalities to create
healthy family 
environments for 
children to thrive

Raise awareness of 
hypertension via 
community-based 
projects

Give universal access to 
hypertension screening 
and treatment

Build health-promoting urban spaces that facilitate and 
promote physical activity (eg, cycle lanes and walkable cities)

Enact laws in food production that reduce salt intake and monitor
hypertension and its risk factors via surveillance systems



Review

www.thelancet.com/public-health   Vol 9   April 2024	 e267

Conclusions 
Over the past three decades, research in life course 
epidemiology has flourished. The origins of many 
chronic diseases can now be traced back to early life,  
allowing for new intervention strategies that target 
specific times during the life course. With examples 
from research on hypertension, breast cancer, and 
dementia, we have described how the field has grown 
from the idea of fetal programming and findings from 
social epidemiology to a multidisciplinary research 
approach that informs public health policy making.

Life course epidemiology offers the evidence needed 
to design primordial prevention of chronic diseases. It 
has brought new understanding of the transitions 
between health and disease, which are now conceived 
more than ever as continuums, linking the life course 
exposome to biomarkers, diseases, disability, and death. 
This field refines Rose’s population-based preventive 
strategy82 by tailoring interventions to distinct life stages 
and, to a lesser extent, informs high-risk preventive 
strategies.

The future of the field is promising and will most likely 
be characterised by even stronger multidisciplinary 
collaborations, particularly by advances in causal 
inference and a broadening of research foci to capture 
disease trajectories and multimorbidity in addition to 
single diseases, facilitating a more comprehensive 
evaluation of morbidity associated with life course 
exposures.
Contributors 
CW, CC, SC, and AC conceptualised this Review. CW wrote the first draft. 
All authors were involved in draft revisions and approving the final draft 
for submission. All authors approved the final manuscript and accept 
responsibility for the decision to submit for publication.

Declaration of interests 
We declare no competing interests.

Acknowledgments 
JJ was supported by the Swiss National Science Foundation (grant 
number 208205). MK was supported by the Wellcome Trust (grant 
number 221854/Z/20/Z), Medical Research Council (grant number 
R024227), National Institute on Aging (grant numbers R01AG062553 
and R01AG056477), and Academy of Finland (grant number 350426).

References 
1	 Kuh D, Shlomo YB. A life course approach to chronic disease 

epidemiology. Oxford: Oxford University Press, 2004.
2	 Ben-Shlomo Y, Kuh D. A life course approach to chronic disease 

epidemiology: conceptual models, empirical challenges and 
interdisciplinary perspectives. Oxford: Oxford University Press, 
2002: 285–93.

3	 Barker DJ. Fetal nutrition and cardiovascular disease in later life. 
Br Med Bull 1997; 53: 96–108.

4	 Elder GH. Children of the Great Depression: social change in life 
experience. New York, NY: Routledge, 2018.

5	 Ben-Shlomo Y, Mishra G, Kuh D. Life course epidemiology. 
In: Ahrens W, Pigeot I, eds. Handbook of epidemiology. New York, 
NY: Springer New York, 2014: 1521–49.

6	 Gluckman PD, Hanson MA. The developmental origins of health 
and disease: the breadth and importance of the concept. Cambridge: 
Cambridge University Press, 2006.

7	 Chiolero A. Post-modern epidemiology: back to the populations. 
Epidemiologia 2020; 1: 2–4.

8	 Labarthe DR. Prevention of cardiovascular risk factors in the first 
place. Prev Med 1999; 29: S72–78.

9	 Gillman MW. Primordial prevention of cardiovascular disease. 
Circulation 2015; 131: 599–601.

10	 Elder Jr GH, Shanahan MJ. The life course and human 
development. In: Damon W, Lerner RM, eds. Handbook of child 
psychology, vol 1. Theoretical models of human development, 
6th edn. New York, NY: John Wiley & Sons, 2006: 665–715.

11	 Kuh D, Ben-Shlomo Y, Lynch J, Hallqvist J, Power C. Life course 
epidemiology. J Epidemiol Community Health 2003; 57: 778–83.

12	 Ben-Shlomo Y, Cooper R, Kuh D. The last two decades of life course 
epidemiology, and its relevance for research on ageing. 
Int J Epidemiol 2016; 45: 973–88.

13	 Wagner C, Carmeli C, Chiolero A, Cullati S. Life course 
socioeconomic conditions and multimorbidity in old age— 
a scoping review. Ageing Res Rev 2022; 78: 101630.

14	 Painter RC, Roseboom TJ, Bleker OP. Prenatal exposure to the 
Dutch famine and disease in later life: an overview. Reprod Toxicol 
2005; 20: 345–52.

15	 Orchard ER, Rutherford HJ, Holmes AJ, Jamadar SD. Matrescence: 
lifetime impact of motherhood on cognition and the brain. 
Trends Cogn Sci 2023; 27: 302–16.

16	 Canfield RL, Henderson CR Jr, Cory-Slechta DA, Cox C, Jusko TA, 
Lanphear BP. Intellectual impairment in children with blood lead 
concentrations below 10 microg per deciliter. N Engl J Med 2003; 
348: 1517–26.

17	 Pollitt RA, Rose KM, Kaufman JS. Evaluating the evidence for 
models of life course socioeconomic factors and cardiovascular 
outcomes: a systematic review. BMC Public Health 2005; 5: 7.

18	 Chiolero A, Paradis G, Kaufman JS. Assessing the possible direct 
effect of birth weight on childhood blood pressure: a sensitivity 
analysis. Am J Epidemiol 2014; 179: 4–11.

19	 Leyvraz M, Chatelan A, da Costa BR, et al. Sodium intake and blood 
pressure in children and adolescents: a systematic review and meta-
analysis of experimental and observational studies. Int J Epidemiol 
2018; 47: 1796–810.

20	 Olsen MH, Angell SY, Asma S, et al. A call to action and a lifecourse 
strategy to address the global burden of raised blood pressure on 
current and future generations: the Lancet Commission on 
hypertension. Lancet 2016; 388: 2665–712.

21	 Hendricks J. Considering life course concepts. 
J Gerontol B Psychol Sci Soc Sci 2012; 67: 226–31.

22	 Lynch JW, Kaplan GA, Cohen RD, et al. Childhood and adult 
socioeconomic status as predictors of mortality in Finland. Lancet 
1994; 343: 524–27.

23	 Krieger N. A glossary for social epidemiology. 
J Epidemiol Community Health 2001; 55: 693–700.

24	 Hallqvist J, Lynch J, Bartley M, Lang T, Blane D. Can we disentangle 
life course processes of accumulation, critical period and social 
mobility? An analysis of disadvantaged socio-economic positions 
and myocardial infarction in the Stockholm Heart Epidemiology 
Program. Soc Sci Med 2004; 58: 1555–62.

25	 van der Waal J, Daenekindt S, de Koster W. Statistical challenges 
in modelling the health consequences of social mobility: the need 
for diagonal reference models. Int J Public Health 2017; 
62: 1029–37.

26	 Link BG, Phelan J. Social conditions as fundamental causes of 
disease. J Health Soc Behav 1995; 35: 80–94.

27	 Frohlich KL, Potvin L. Transcending the known in public health 
practice: the inequality paradox: the population approach and 
vulnerable populations. Am J Public Health 2008; 98: 216–21.

28	 Power C, Kuh D, Morton S. From developmental origins of 
adult disease to life course research on adult disease and aging: 
insights from birth cohort studies. Annu Rev Public Health 2013; 
34: 7–28.

29	 Sudlow C, Gallacher J, Allen N, et al. UK biobank: an open access 
resource for identifying the causes of a wide range of complex 
diseases of middle and old age. PLoS Med 2015; 12: e1001779.

30	 De Stavola BL, Herle M, Pickles A. Framing causal questions in life 
course epidemiology. Annu Rev Stat Appl 2022; 9: 223–48.

31	 Aronowitz R. Framing disease: an underappreciated mechanism for 
the social patterning of health. Soc Sci Med 2008; 67: 1–9.

32	 Bovet P, Banatvala N, Khaw K-T, Reddy KS. Cardiovascular 
disease: burden, epidemiology and risk factors. In: Banatvala N, 
Bovet P, eds. Noncommunicable diseases. London: Routledge, 
2023: 45–51.



Review

e268	 www.thelancet.com/public-health   Vol 9   April 2024

33	 Bovet P, Schutte AE, Banatvala N, Burnier M. Hypertension: 
burden, epidemiology and priority interventions. In: Banatvala N, 
Bovet P, eds. Noncommunicable diseases. London: Routledge, 
2023: 58–65.

34	 Murray CJ, Aravkin AY, Zheng P, et al. Global burden of 87 risk 
factors in 204 countries and territories, 1990–2019: a systematic 
analysis for the Global Burden of Disease Study 2019. Lancet 2020; 
396: 1223–49.

35	 Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines on 
cardiovascular disease prevention in clinical practice. 
Eur J Prev Cardiol 2022; 29: 5–115.

36	 Fleming TP, Watkins AJ, Velazquez MA, et al. Origins of lifetime 
health around the time of conception: causes and consequences. 
Lancet 2018; 391: 1842–52.

37	 Huxley RR, Shiell AW, Law CM. The role of size at birth and 
postnatal catch-up growth in determining systolic blood 
pressure: a systematic review of the literature. J Hypertens 2000; 
18: 815–31.

38	 Epure AM, Rios-Leyvraz M, Anker D, et al. Risk factors during first 
1000 days of life for carotid intima-media thickness in infants, 
children, and adolescents: a systematic review with meta-analyses. 
PLoS Med 2020; 17: e1003414.

39	 Bruin JE, Gerstein HC, Holloway AC. Long-term consequences of 
fetal and neonatal nicotine exposure: a critical review. Toxicol Sci 
2010; 116: 364–74.

40	 Barker DJ, Bull AR, Osmond C, Simmonds SJ. Fetal and 
placental size and risk of hypertension in adult life. BMJ 1990; 
301: 259–62.

41	 Hofman A, Hazebroek A, Valkenburg HA. A randomized trial of 
sodium intake and blood pressure in newborn infants. JAMA 1983; 
250: 370–73.

42	 Whincup P, Cook D, Geleijnse J. A life course approach to blood 
pressure. In: Kuh D, Ben Shlomo Y, eds. A life course approach to 
chronic disease epidemiology, 2nd edn. Oxford: Oxford University, 
2004: 218–39.

43	 Law MR, Morris JK, Wald NJ. Use of blood pressure lowering 
drugs in the prevention of cardiovascular disease: meta-analysis of 
147 randomised trials in the context of expectations from 
prospective epidemiological studies. BMJ 2009; 338: b1665.

44	 Peters R, Xu Y, Fitzgerald O, et al. Blood pressure lowering and 
prevention of dementia: an individual patient data meta-analysis. 
Eur Heart J 2022; 43: 4980–90.

45	 MacMahon S. Alcohol consumption and hypertension. Hypertension 
1987; 9: 111–21.

46	 Grillo A, Salvi L, Coruzzi P, Salvi P, Parati G. Sodium intake and 
hypertension. Nutrients 2019; 11: 1970.

47	 Brown CD, Higgins M, Donato KA, et al. Body mass index and the 
prevalence of hypertension and dyslipidemia. Obes Res 2000; 
8: 605–19.

48	 Krist AH, Davidson KW, Mangione CM, et al. Screening for high 
blood pressure in children and adolescents: US Preventive Services 
Task Force recommendation statement. JAMA 2020; 324: 1878–83.

49	 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 
GLOBOCAN estimates of incidence and mortality worldwide for 
36 cancers in 185 countries. CA Cancer J Clin 2021; 71: 209–49.

50	 Terry MB, Colditz GA. Epidemiology and risk factors for breast 
cancer: 21st century advances, gaps to address through 
interdisciplinary science. Cold Spring Harb Perspect Med 2023; 
13: a041317.

51	 Andersen ZJ, Baker JL, Bihrmann K, Vejborg I, Sørensen TI, 
Lynge E. Birth weight, childhood body mass index, and height in 
relation to mammographic density and breast cancer: a register-
based cohort study. Breast Cancer Res 2014; 16: R4.

52	 Baer HJ, Tworoger SS, Hankinson SE, Willett WC. Body fatness at 
young ages and risk of breast cancer throughout life. Am J Epidemiol 
2010; 171: 1183–94.

53	 Carmichael AR. Obesity and prognosis of breast cancer. Obes Rev 
2006; 7: 333–40.

54	 Pike MC, Krailo MD, Henderson BE, Casagrande JT, Hoel DG. 
‘Hormonal’ risk factors, ‘breast tissue age’ and the age-incidence of 
breast cancer. Nature 1983; 303: 767–70.

55	 Wright RJ, Hanson HA. A tipping point in cancer epidemiology: 
embracing a life course exposomic framework. Trends Cancer 2022; 
8: 280–82.

56	 Siu AL, US Preventive Services Task Force. Screening for breast 
cancer: US Preventive Services Task Force recommendation 
statement. Ann Intern Med 2016; 164: 279–96.

57	 Rodgers KM, Udesky JO, Rudel RA, Brody JG. Environmental 
chemicals and breast cancer: an updated review of epidemiological 
literature informed by biological mechanisms. Environ Res 2018; 
160: 152–82.

58	 Mangialasche F, Kivipelto M, Solomon A, Fratiglioni L. Dementia 
prevention: current epidemiological evidence and future 
perspective. Alzheimers Res Ther 2012; 4: 6.

59	 Stern Y. Cognitive reserve. Neuropsychologia 2009; 47: 2015–28.
60	 Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention, 

intervention, and care: 2020 report of the Lancet Commission. 
Lancet 2020; 396: 413–46.

61	 Lövdén M, Fratiglioni L, Glymour MM, Lindenberger U, 
Tucker-Drob EM. Education and cognitive functioning across the 
life span. Psychol Sci Public Interest 2020; 21: 6–41.

62	 Bodryzlova Y, Kim A, Michaud X, André C, Bélanger E, Moullec G. 
Social class and the risk of dementia: a systematic review and meta-
analysis of the prospective longitudinal studies. 
Scand J Public Health 2023; 51: 1122–35.

63	 Chapko D, McCormack R, Black C, Staff R, Murray A. Life-course 
determinants of cognitive reserve (CR) in cognitive aging and 
dementia—a systematic literature review. Aging Ment Health 2018; 
22: 915–26.

64	 Larsson SC, Traylor M, Malik R, Dichgans M, Burgess S, 
Markus HS. Modifiable pathways in Alzheimer’s disease: 
mendelian randomisation analysis. BMJ 2017; 359: j5375.

65	 Kivimäki M, Walker KA, Pentti J, et al. Cognitive stimulation in the 
workplace, plasma proteins, and risk of dementia: three analyses of 
population cohort studies. BMJ 2021; 374: n1804.

66	 Marden JR, Tchetgen Tchetgen EJ, Kawachi I, Glymour MM. 
Contribution of socioeconomic status at 3 life-course periods to late-
life memory function and decline: early and late predictors of 
dementia risk. Am J Epidemiol 2017; 186: 805–14.

67	 WHO. Optimizing brain health across the life course: 
WHO position paper. Geneva: World Health Organization, 2022.

68	 Hernán MA, Hsu J, Healy B. A second chance to get causal 
inference right: a classification of data science tasks. Chance 2019; 
32: 42–49.

69	 Conti G, Heckman J, Pinto R. The effects of two influential early 
childhood interventions on health and healthy behaviour. Econ J 
2016; 126: F28–65.

70	 Campbell F, Conti G, Heckman JJ, et al. Early childhood 
investments substantially boost adult health. Science 2014; 
343: 1478–85.

71	 Courtin E, Kim S, Song S, Yu W, Muennig P. Can social policies 
improve health? A systematic review and meta-analysis of 
38 randomized trials. Milbank Q 2020; 98: 297–371.

72	 De Stavola BL, Daniel RM. Commentary: incorporating concepts 
and methods from causal inference into life course epidemiology. 
Int J Epidemiol 2016; 45: 1006–10.

73	 Naimi AI, Cole SR, Kennedy EH. An introduction to G methods. 
Int J Epidemiol 2017; 46: 756–62.

74	 van Zwieten A, Tennant PWG, Kelly-Irving M, Blyth FM, 
Teixeira-Pinto A, Khalatbari-Soltani S. Avoiding overadjustment bias 
in social epidemiology through appropriate covariate selection: 
a primer. J Clin Epidemiol 2022; 149: 127–36.

75	 Green MJ, Popham F. Interpreting mutual adjustment for multiple 
indicators of socioeconomic position without committing mutual 
adjustment fallacies. BMC Public Health 2019; 19: 10.

76	 McInnis N. Long-term health effects of childhood parental income. 
Soc Sci Med 2023; 317: 115607.

77	 Epure AM, Courtin E, Wanner P, Chiolero A, Cullati S, Carmeli C. 
Effect of covering perinatal health-care costs on neonatal outcomes 
in Switzerland: a quasi-experimental population-based study. 
Lancet Public Health 2023; 8: e194–202.

78	 Papadimitriou N, Bull CJ, Jenab M, et al. Separating the effects of 
early and later life adiposity on colorectal cancer risk: a mendelian 
randomization study. BMC Med 2023; 21: 5.

79	 Cooper K, Stewart K. Does household income affect children’s 
outcomes? A systematic review of the evidence. Child Indic Res 
2021; 14: 981–1005.



Review

www.thelancet.com/public-health   Vol 9   April 2024	 e269

80	 Davey Smith G, Sterne JA, Fraser A, Tynelius P, Lawlor DA, 
Rasmussen F. The association between BMI and mortality using 
offspring BMI as an indicator of own BMI: large intergenerational 
mortality study. BMJ 2009; 339: b5043.

81	 Richardson TG, Urquijo H, Holmes MV, Davey Smith G. 
Leveraging family history data to disentangle time-varying effects 
on disease risk using lifecourse mendelian randomization. 
Eur J Epidemiol 2023; 38: 765–69.

82	 Rose G, Khaw K-T, Marmot M. Rose’s strategy of preventive 
medicine: the complete original text. Oxford: Oxford University 
Press, 2008.

83	 Shultz JM, Sullivan LM, Galea S. Public health: an introduction to 
the science and practice of population health. New York, 
NY: Springer Publishing Company, 2021.

84	 Krieger N. Epidemiology and the web of causation: has anyone seen 
the spider? Soc Sci Med 1994; 39: 887–903.

85	 Baker M. Reproducibility crisis. Nature 2016; 533: 353–66.
86	 De Stavola BL, Nitsch D, dos Santos Silva I, et al. Statistical issues 

in life course epidemiology. Am J Epidemiol 2006; 163: 84–96.
87	 Ioannidis JP. Why most published research findings are false. 

PLoS Med 2005; 2: e124.
88	 Ioannidis JP, Greenland S, Hlatky MA, et al. Increasing value and 

reducing waste in research design, conduct, and analysis. Lancet 
2014; 383: 166–75.

89	 Munafò MR, Davey Smith G. Robust research needs many lines of 
evidence. Nature 2018; 553: 399–401.

90	 Galea S. An argument for a consequentialist epidemiology. 
Am J Epidemiol 2013; 178: 1185–91.

91	 Lloyd-Jones DM, Hong Y, Labarthe D, et al. Defining and setting 
national goals for cardiovascular health promotion and disease 
reduction: the American Heart Association’s strategic impact goal 
through 2020 and beyond. Circulation 2010; 121: 586–613.

92	 Blake-Lamb TL, Locks LM, Perkins ME, Woo Baidal JA, Cheng ER, 
Taveras EM. Interventions for childhood obesity in the first 
1000 days: a systematic review. Am J Prev Med 2016; 50: 780–89.

93	 Karmali KN, Lloyd-Jones DM. Adding a life-course perspective to 
cardiovascular-risk communication. Nat Rev Cardiol 2013; 
10: 111–15.

94	 Daaleman TP, Elder GH Jr. Family medicine and the life course 
paradigm. J Am Board Fam Med 2007; 20: 85–92.

95	 Chiolero A, Paradis G, Paccaud F. The pseudo-high-risk prevention 
strategy. Oxford: Oxford University Press, 2015: 1469–73.

96	 Vuik SI, Mayer EK, Darzi A. Patient segmentation analysis offers 
significant benefits for integrated care and support. Health Aff 2016; 
35: 769–75.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an 
Open Access article under the CC BY-NC-ND 4.0 license. 


	Life course epidemiology and public health
	Introduction
	From life course models to policy making
	Life course models
	Life course perspective on chronic diseases
	Causality and the life course
	Policy implications
	Challenges

	Conclusions
	Contributors
	Declaration of interests
	Acknowledgments
	References


