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Synopsis 

 

Non-communicable diseases (NCDs) including obesity, diabetes and cardiovascular 

disease, musculoskeletal, mental and neurological disorders have been identified as the 

‘world’s largest killers’, and multiple major international organizations have stressed the 

importance of adopting a life course approach to address them. The life course concept 

recognizes the opportunity to prevent and control diseases at key stages of life from 

preconception through pregnancy, infancy, childhood and adolescence, through to 

adulthood. This does not follow the model of health where an individual is healthy until 

disease occurs. The trajectory is determined earlier in life, and evidence suggests that age 

related mortality and morbidity can be predicted in early life with factors such as maternal 

diet and body composition (before and during pregnancy), low childhood intelligence, 

adverse childhood experiences acting as antecedents of late-life disease. A life course 

perspective enables the identification of a high-risk phenotype and markers of risk early, 

supporting current efforts for primary prevention of NCDs by providing timely interventions in 

early life. Part 1 of this paper summarizes existing models that explore the influences of the 

life cycle on chronic disease. Part 2 is a scoping review of risk factors of NCDs through the 

life course, highlighting issues in key life stages, with a special focus on the adolescent age 

group. Studies based on Developmental Origins of Health and Disease (DOHaD) have 

shown the transgenerational nature of NCD risk, and called for the need to attain optimum 

health in the preconception period. Multiple life-long health behaviours are established 

during adolescence making it an important stage for intervention.  

 

1. Introduction  

 

Over the past century, changes in patterns of mortality globally have included a reduction in 

infectious disease mortality and an increase in chronic non-communicable diseases 

(NCDs).1 Though this shift started in high-income countries, there is now a double burden of 

NCDs and communicable diseases on the low- and middle-income countries. Mortality due 

to NCDs – mainly cardiovascular diseases and diabetes – is projected to rise along with the 

economic and social development in these countries.2 The risks for NCDs are also changing 

due to demographic shifts, changing patterns of diet, physical activity, alcohol and tobacco 

consumption.3 High blood pressure, high plasma glucose, obesity and overweight are some 

of the leading risk factors for non-communicable diseases, and thus improving nutrition is 

essential to improve health globally.4  

 

Attention has recently shifted from adult lifestyle and risk factors as a cause for NCDs to 

early life experiences that influence adult health and mortality risk.5 The 2030 Sustainable 

Development Goals (SDGs) promote commitment to health through the goal “Ensure healthy 

lives and promote well-being for all at all ages”. In addition, the significance of the growing 

problem of NCDs is brought out in SDG 3 as it aims to “reduce by one third premature 

mortality from noncommunicable diseases through prevention and treatment and promote 

mental health and well-being”, by 2030.6 The need to control NCDs using a life course 

approach by preventing risk factor exposure, beginning in early life and continuing with 

interventions for adults and the elderly, is supported by multiple recent strategies and 
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recommendations. These include: the World Health Organization’s Global status report on 

non communicable diseases 7, the World Report on ageing and Health 8, the Every Woman 

Every Child Global Strategy for Women’s, Children’s and Adolescents’ Health (2016–2030)9 

and from the UK Department of Health.10  

2. The life course approach to health 

 

Key stages in people’s lives have particular relevance for their health; the life course 

approach acknowledges the importance of these stages. The growing interest in the 

relationship between adverse circumstances across the life course leading to an increased 

risk of chronic disease and early mortality led to research that explains disease etiology 

within a life course framework.11 

 

This review outlines the models and methods of the life course approach and concepts in life 

course epidemiology. The key life stages and issues in them are discussed, followed by a 

detailed discussion on the life stage of adolescence. The latter represents a central focus for 

intervention to promote health in future adults and also in the next generation, thus having 

the potential to affect two lives.  

 

2.1 What is a life course approach? 

 

Life course epidemiology investigates the long-term effects of physical and social exposures 

during gestation, childhood, adolescence, young adulthood and later adult life on health and 

disease risk in later life.12 It also encompasses pathways (biological, behavioural and 

psychosocial) influencing the development of chronic diseases and operating across an 

individual’s life course or across generations. It highlights a temporal and social perspective, 

looking back across an individual’s or a cohort’s life experiences, or across generations to 

understand current patterns of health and disease, while recognizing that both past and 

present experiences are shaped by the wider social, economic and cultural context. 

 

Conventionally, the life course approach has been chosen to study chronic disease 

epidemiology, but it is also applicable within the context of infectious diseases, reproductive 

health and general health and well-being.11 Collaboration between the social and medical 

sciences is emphasized in life course epidemiology as important to understanding social 

patterning and etiological processes of diseases. 13 

2.2 Origins of life course epidemiology 

 

The idea that exposures early in the life course may have long-term effects on the 

development of chronic diseases became strengthened towards the end of the twentieth 

century. The causative models of NCDs that mainly focused on adult lifestyle factors such as 

smoking, poor diet and lack of exercise was challenged by the increasing amount of 

research supporting the importance of health in early life , leading to the emergence of life 

course epidemiology.12 According to one study, strands of medical and social research – 

biological programming, risk accumulation and health inequalities – converged in life course 

epidemiology in the 1990s.13 The idea of biological “programming” is that the development of 

organs and metabolism in utero and during early infancy determines the maximum functional 
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capacity that an individual can attain and sets the limits for the entire life course. The fetal 

programming hypothesis (also called the Barker hypothesis) proposed that fetal 

undernutrition, resulting from poor maternal diet and/or problems with the mobilization and 

transfer of nutrients from mother to fetus,14 would induce phenotypic changes in the fetus, 

enabling survival in the short-term but having longer-term health consequences. Animal 

studies have added much weight to the idea by showing that alterations in the diet of 

pregnant animals can produce lasting changes to offspring physiology and metabolism.15 

Such studies also show that maternal overnutrition, achieved in animals by feeding mothers 

high-energy diets or making the mother obese/diabetic, also causes insulin resistance and 

diabetes in the offspring.16,17 Recently there has been accumulating evidence that paternal 

diet, body composition and health can also affect the health of the offspring.18 Together, 

these studies provided the basis for the rapidly growing field of science known as the 

developmental origins of health and disease (DOHaD). DOHaD concepts postulate that an 

altered long-term risk of disease is initially brought about through adaptive responses that 

the fetus or infant makes to cues from environment in utero or in early life.17 These 

responses may not be just for fetal survival, because they can be induced even within the 

normal range of developmental environmental influences. They appear to be fundamental 

aspects of biology, seen across a variety of species, in which cues about the developmental 

environment are detected by the developing organism and used to induce phenotypic 

changes, which may have important adaptive value later. These so-called predictive 

adaptive responses are suggested to have evolved to optimize Darwinian fitness.19 

 

Birth cohort studies and prospective longitudinal studies have been the best available 

methods to study life course phenomena in humans.13 Studies in Hertfordshire, UK, were the 

first of a series of cohort studies that used historical records, combined with later follow-up, 

to explore the association of early life with chronic disease in adulthood.20 In Hertfordshire, 

16 000 men and women born between 1911 and 1930 were traced from birth to the present 

day. Death rates from coronary heart disease fell two-fold between those at the lower and 

upper ends of the birth weight distribution. Findings of the Swedish cohort study that 

followed up 14 611 babies also support the inverse association between cardiovascular 

disease and birth weight.21 Further studies have shown that the relationship is U-shaped, as 

risk of later chronic disease also increases at the high birth weight end of the spectrum – a 

particular concern with rising prevalence of obesity and diabetes in women of reproductive 

age.22 

 

2.3 Conceptual models in life course epidemiology  

 

An understanding of the natural history and physiological trajectories of normal biological 

systems, along with biological and social pathways is needed when using the life course 

approach. These models suggest pathways linking exposures across the life course to later 

life health and include the temporal ordering of exposure variables, their inter-relationships 

(directly or through intermediary variables) and the outcome measures. The conceptual 

model can later be tested using exposure data across the life course, although this approach 

has not been extensively utilized. 
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The most commonly used approaches to studying life course processes are defined in terms 

of four, relatively overlapping models from Ben- Shlomo and Kuh.11 These explain ways in 

which different factors may act to cause chronic diseases across the life course: they focus 

on a critical period (with or without effect modifiers), an accumulation of risk model and a 

chain of risk model. Hertzman and Power propose a similar three-fold model of life course 

influences on health – using the terms latency, cumulative effect and pathway.23 

 

2.3.1 The critical period model 

The critical period model (Model (a) in Figure 1) is when an exposure acting during a specific 

(sensitive) period has lasting or lifelong effect on the structure or physical functioning of 

organs, tissues and body systems, which are not modified in any way by later experience, 

and which results in disease later.11 Also referred to as “biological programming” or a 

“latency model”, this model forms the basis of early versions of the fetal origins of adult 

disease hypothesis. A critical period involves the concept of biological programming, in 

which an environmental influence causes irreversible metabolic consequences that alter 

susceptibility to later adverse outcomes.24 Theoretically the critical period model advocates 

that an exposure during this period results in permanent and irreversible damage. However, 

in the context of chronic diseases the effects of exposure on structure from those on function 

should be differentiated.11 For instance, poor growth in utero leads to a variety of chronic 

disorders such as cardiovascular diseases, but other exposures in later life may still 

influence disease risk. The latency model 23 (including the concepts of critical and sensitive 

periods) involves relationships between an exposure at one point in the life course and the 

probability of health outcomes years or decades later, irrespective of intermediate events in 

life. For example, studies of the Dutch Hunger Winter showed that maternal nutritional 

deficiency in pregnancy is associated with an increased risk of antisocial personality disorder 

and schizophrenia among offspring in their adult life (the effects seemed to be dependent on 

prenatal insult). 

 

The critical period model also includes key social transitions, thus combining biological and 

social elements that interact to cause changes in health. Such periods do not necessarily 

only occur during early development and include: the transition from primary to secondary 

school; school examinations; the transition from school to work; leaving the parental home; 

establishing one’s own residence; and the transition to parenthood.25 

 

A critical period needs to be differentiated from a sensitive period.11 The latter is a time 

period when an exposure has a stronger effect on development, though the same exposure 

outside this time period would still produce an effect that may be weaker, and there may be 

scope to reverse these changes outside this time period. A critical period, however, is a 

limited time window when an exposure can have adverse or protective effects; outside this 

period there is no excess risk. 

 

2.3.2 The critical period model with later effect modifiers 

This is an extension of the critical period model, including the possibility that later life factors 

(physiological or psychological stressors) may modify the effect of an exposure during a 

critical period of development on later disease risk.12 The influence of exposures acting later 
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in life may enhance the effect on disease development (synergism) or diminish them 

(antagonism), as seen in model (b) in figure 1. Risk exposures may be independent as in 

model (a) or clustered as seen in model (b). A common reason for clustering of risk factors is 

when all the exposures relate to a single factor such as an individual’s or family’s 

socioeconomic status. For example, low childhood socioeconomic status is associated with 

other risk factors for poor health in later life such as low educational attainment, family 

stress, inadequate diet, passive smoking etc. This is suggested to be the case for the 

associations of birth weight with some chronic diseases in which associations are stronger 

among those who become obese during adolescence or adulthood.26 

 

 

 

 

 

 

 
 

 

 

Time  
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Figure 1. Life course causal models 
From Kuh D, Ben-Shlomo Y, Lynch J, et al. Life course epidemiology. Journal of 
epidemiology and community health 2003 27 
 

 

2.3.3 Accumulation of risk model/Cumulative model 

This model focuses on the total amount and/or sequence of exposure, suggesting that 

multiple effects accumulate over the life course. However, it also allows for developmental 

periods during which susceptibility may be greater, so the sequence or trajectory of 

accumulation may also be important.12 As the number, duration and severity of exposures 

increase, there is cumulative damage to biological systems (Model (c) in Figure 1). 

Accumulation of risk can also be due to clustering of exposures. For example, children from 

poorer socioeconomic backgrounds are also more likely to be of low birth weight, to have 

poorer diets, to be more exposed to passive smoking and some infectious agents, and to 

have fewer opportunities for physical activity. 

 

The accumulation model has been considered to be more advantageous in life course 

epidemiology as it has better predictive power, can provide etiological insights and 

addresses social inequalities in health.13 For instance, the model suggests that an 

individual’s health is related to the proportion of their life spent exposed to disadvantages; 

thus a person’s position in the social structure regulates the risk for mortality. The cause of 

morbidity and mortality is determined by the specifics of the person’s life trajectory in terms 

of nature of exposures accumulated. 

 

2.3.4 Pathway model/Chain of risk model/Trigger model 

The fourth model refers to a sequence of linked exposures where one leads on to the 

next.12,25,26 It suggests that various intermediate factors between early life and adult health – 

such as lifestyle, educational attainment, social class and health behaviours – may all play 

roles. This pathway model proposes integration of biological and psychosocial pathways, 

along with recognition of the fact that the timing of exposures may affect disease risk in 

many different ways. It shares similarities with the accumulation model, but differs on the 

timing of etiological exposure, with early advantage or disadvantage setting a person on a 

pathway to a later exposure that is the etiologically important event (Model (d) in Figure 1). 

For instance, a child from a disadvantaged background might encounter fewer educational 

opportunities. This in turn restricts socioeconomic wealth and resources, and later influences 

health behaviours and results in poorer health in later life.25 The pathways model also 

supports the notion that early events influence the life course trajectory, leading to particular 

social destinations and ultimately influencing health outcomes.23  

 

2.3.5 Other conceptual models in life course epidemiology 

 

Research has suggested other models, which have similarities to the above models, to 

explore the influence of the life cycle on chronic diseases. 

Merlo proposes a conceptual framework to explore the geographical, socioeconomic and 

cultural disparities in health.28 This framework involves identifying the relevant contexts that 



10 
 

influence individual health by measuring general contextual effects and characteristics, 

identifying the specific effects of these characteristics on individual health, and investigating 

general and specific contextual effects from a life-course perspective across generations. 

 

The Meikirch model of health suggests that an individual’s health is the result of the 

interactions between their personally acquired potential (the sum of all physiological, mental 

and social resources a person acquires during life) and biological potential (the biologically 

given finite potential a person has from birth, influenced by genetics and the quality of 

pregnancy).29 Health is dependent on the interaction between all three determinants – 

environmental, social and individual. Figure 2 29 illustrates three possible time courses of the 

two potentials during a person’s life. Biological potential has a finite value that is different for 

each person and decreases with age until death, while personally acquired potential 

increases rapidly after birth, and possibly throughout life based on life’s demands. 

 

 

 
 

Figure 2. Examples of different time course of an individual’s biologically given and personally 
acquired potential 
From Bircher J, Kuruvilla S. Defining health by addressing individual, social, and 
environmental determinants: New opportunities for health care and public health. Journal of 
Public Health Policy 2014 

29
 

 

These general conceptual models are, however, representations of life course processes 

that are likely to be more complex, and even such simple models may be difficult to 

distinguish empirically. Recent research and developments in epigenetics have allowed us to 

build on these models.   

 

2.3.6 A new model based on the pathways model 

 

The model in Figure 3 suggests that the rate of decline of an organ system depends on the 

level of peak function attained earlier in life, which also depends on developmental 

processes and early environmental influences.  
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Figure 3. The lifecourse model showing average hypothetical trajectories of functional 
capacity for organs and systems in individuals from low- (red) and high- (blue) 
income settings. Low-income settings are associated with a poorer start to life in terms of 
inherited health capital. Functional capacity  develops more slowly in a low-income setting, 
but reaches a lower peak capacity earlier in the life course. Throughout life the 
environmental challenges to function are likely to be greater in the low-income setting, 
leading to faster and earlier decline. In addition, an acute challenge such as an accident or 
infection in mid-life may produce a dip in function followed by recovery in a high-income 
setting, but a drastic loss of function in a low-income setting (broken red line). Provision of 
personal care, most often in high-income settings, can slow the rate of decline, sustaining 
resilience in a manner similar to plasticity (broken blue line).From Hanson M, Cooper C, 
Sayer AA, et al. Developmental Aspects of a Life Course Approach to Healthy Ageing. The 
Journal of physiology 2015 30 

 

This model can be further refined by stressing that what matters for an individual or 

population group at any point in the life course is not so much the level of risk – the vertical 

height on the ordinate in Figure 4 – as the response to an acute challenge in the form of a 

more rapid increase in risk. This is shown in Figure 3 as the departure from the curve, which 

may lead to only a temporary reduction in function, but in those susceptible may lead to a 

more serious decline. At any point on the life course trajectory, the responsiveness can be 

viewed as the tangent to the line (Figure 4). It can be measured by a challenge such as a 

transient weight loss or exercise regime, or standard physiological tests such as a glucose 

tolerance test, heart rate response to exercise or immune response to a routine vaccination. 

The importance of such a model is that it reveals more about functional capability than does 

risk assessment alone. In addition, responses to such challenges can be incorporated into 

intervention strategies, to monitor their effectiveness and to maintain subject motivation. 
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2.4 Healthy ageing 

 

The World Report on Ageing and Health 8 defines intrinsic capacity as ‘the composite of all 

the physical and mental capacities of an individual’. Functional ability on the other hand 

comprises of the intrinsic capacity of the individual, relevant environmental characteristics 

and the interactions between the individual and these characteristics. It comprises the 

health-related attributes that enable people to be and to do what they have reason to value. 

The report also introduces the definition of Healthy Ageing as the process of developing and 

maintaining the functional ability that enables well-being in older age. Thus, Healthy aging is 

not merely the absence of disease, but is also based on influences throughout the life 

course. The report highlights the need to go beyond a systemic approach to measuring 

disease risk, and the shortage of evidence to determine the trajectories that may have 

preceded significant loss of function. A comprehensive understanding of the interactions 

between an individual’s intrinsic capacity and these broader environmental influences, that 

leads to differences in ageing trajectories, is currently needed to develop instruments that 

evaluate intrinsic capacity efficiently, across all critical life stages.  

 

 2.5 Common concepts in life course epidemiology:  

 



13 
 

 Plasticity: the potential for change in intrinsic characteristics as a response to 

environmental stimuli is called plasticity and is measured by within-person variability. 

Developmental plasticity also uses cues from the environment to optimize the life 

course strategy for attaining maximum fitness and preparing for a future environment, 

and can lead to a variation in human phenotype.31 The epigenetic mechanisms such 

as DNA methylation, changes in histone structure and small non-coding RNA activity 

provide the basis to the process of developmental plasticity. The emergence of 

epigenetics is giving insights into the molecular mechanisms that underlie such 

developmental changes. 

 Resilience (or robustness): the ability of a phenotype to resist change without 

changing its initial stable configuration. 

 Trajectory: the path established after an initial impetus, by analogy with a ballistic 

model. It may nonetheless be altered by subsequent influences, in which case a 

different trajectory is followed, so there is little flexibility. 

 Path dependency: a life course where the response to a challenge, or the next step 

on the trajectory, depends on the previous one(s). Thus, future responses to a 

challenge or a particular level of risk will differ in individuals depending on the path 

they followed to the present point. 

Thus, a life course approach is key to prevention and control of NCDs. An individual’s 

lifespan includes the broader socioeconomic, environmental and genetic effects that 

cumulatively influence health and health behaviours. Connecting the biological, 

psychological and social models of the life course approach has potential to help elucidate 

new mechanisms of disease causation and develop measures for the maintenance and 

improvement of health.  

3. Risk factors for NCDs across the life course 

 

Supporting efforts to prevent NCDs through the human development have often been 

advocated 32 as they are leading causes of mortality and morbidity that also affect the 

societal, economic and environmental aspects of life, hindering future development. The 

interaction of social, economic and environmental factors – which can be conceptualized as 

intertwined strands in a triple helix – makes human development sustainable. The effects of 

NCDs, such as the need for chronic care, and stigma and secrecy associated with cancers, 

further contribute to inequities in a population and have a disproportionate effect on the 

poorer sections of society.32  There are several such contextual, as well as constitutional 

factors, that shape health in different stages of the life course. 

 

3.1 Constitutional and biological factors: genetics and epigenetics 

 

There has been considerable interest in the identification of genes that are responsible for 

NCDs. A study carried out by the Wellcome Trust Case Control Consortium provided links 

between people’s genes and common NCDs.33 The study found several new genetic loci 

and genes that influence an individual's susceptibility to bipolar disorder, coronary heart 
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disease, type 1 and type 2 diabetes, rheumatoid arthritis, Crohn’s disease and hypertension. 

Identifying the variants, genes and pathways involved in particular diseases opens 

prospective pathways to new therapies, diagnostic methods and better disease prevention. 

However, purely fixed genetic effects have not to date been shown to account for a 

substantial proportion of the NCD risk at the population level. 

Of late, there has been increasing interest in epigenetic mechanisms as determinants of 

NCDs. Epigenetic modification does not result from changes to DNA itself but rather from 

changes to gene expression caused by DNA methylation or chromatin modification as an 

adaptive response to the environment in which they find themselves.17,31 There is increasing 

evidence that maternally mediated environmental modulation of gene expression in offspring 

and gene-environment interactions are important determinants of later disease risk. Blum et 

al. (2015) suggest that progenetic and epigenetic correlates of adolescent predisposition to, 

and risk for, addictive behaviours could be a function of prefrontal cortex dysregulation.34 An 

important cause of addictive behaviour in adolescents may be early childhood attachment 

(social) experiences, which are mediated by interactions with the environment (epigenetic), 

and by neurogenetic factors that affect a child’s psychological trait/state, requiring both 

parental and peer co-regulation.  

Influences of developmental and biologically based determinants on satiety and food 

preferences suggest that once set points are established in early life (with both prenatal and 

early postnatal components), it may be difficult or even impossible to reverse them, thus 

explaining why lifestyle interventions are difficult to sustain.19 

 

3.2 Contextual factors affecting health and well-being throughout the life course 

3.2.1 Behavioural factors 

 

Risk factors such as smoking, alcohol consumption, excess weight and dietary factors are 

responsible for a large share of the global disease burden.3 This can be directly or through 

conditions such as high blood pressure and elevated blood glucose and cholesterol levels, 

ultimately responsible for raising the risk of chronic diseases such as heart disease, diabetes 

and cancers. The transition in Health risks occurring in different populations due to decrease 

in incidence of infectious disease, changing patterns of physical activity and diet and an 

ageing population has led to issues such as a double burden of increasing chronic, non-

communicable conditions, as well as the communicable diseases in LMICs.35 

Alcohol 

 

According to the recent global status report on alcohol and health,36 in 2012, about 5.9% of 

all global deaths were attributable to alcohol consumption. Excessive alcohol consumption is 

associated with increased risk of a range of health problems, including chronic liver disease, 

cardiovascular disease, unintentional injuries, neuropsychiatric conditions, certain cancers 

and social issues such as alcohol-related violence and domestic abuse. Alcoholism’s effects 

on the brain and behaviour are diverse and are mediated by many factors such as age, 

gender, health and family history.37 Significant sex differences exist in the proportion of 
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global deaths attributable to alcohol, with mortality and morbidity due to alcohol consumption 

being higher in males. Economic development, cultural practices, availability of alcohol and 

the level and effectiveness of alcohol policies in a country are relevant factors in explaining 

differences and historical trends in alcohol consumption and related harm caused by it. The 

volume of alcohol consumed, the pattern of drinking also influence alcohol-related harm, and 

in certain cases the quality of alcohol consumed. Children, adolescents and elderly people 

are typically more vulnerable to alcohol-related harm from a given volume of alcohol than 

other age groups.36 Young people also engage in more reckless behaviour while under the 

influence of alcohol. Early initiation of alcohol use (before 14 years of age) is a predictor 

associated with increased risk for alcohol dependence and abuse at later ages. Genetic risk 

factors also account for a substantial proportion of the variation in alcohol dependence as 

multiple genes influence alcohol use initiation, metabolism and reinforcing properties in 

different ways. 38 This leads to the increased susceptibility to toxic, psychoactive and 

dependence-producing properties of alcohol-vulnerable groups. 

In some regions with a high prevalence of binge and harmful drinking, such as eastern 

Europe, a large death toll from cardiovascular diseases and alcohol consumption is the 

leading single cause of the disease burden.35 Social change and policy interventions have 

shown effectiveness in modifying alcohol-drinking behaviours in some countries, such as a 

decrease in per capita alcohol consumption in traditional wine-producing and wine-drinking 

countries such as Italy and France. Mortality attributable to alcohol declined temporarily in 

the 1980s in Russia.35,39 

Smoking 

 

Nearly 80% of the more than 1 billion smokers worldwide live in low- and middle-income 

countries, where the burden of tobacco-related illness and death is heaviest.40 The highest 

overall prevalence for smoking is estimated at nearly 29% in the European Region.41 

Mortality due to lung and other cancers, heart disease, stroke, chronic respiratory disease 

and other conditions is significantly increased due to smoking. Environmental tobacco 

smoke and smoking during pregnancy also causes harm to others. Smoking is increasing in 

many low- and middle-income countries, while steadily but slowly decreasing in many high-

income countries.3 It is more prevalent among people of lower socioeconomic status in high-

income countries, and longitudinal studies have shown that smoking tracks strongly in 

adolescence and up until the late twenties. 

 

Smoking during pregnancy still remains an issue in several countries. In England, despite 

decrease in prevalence compared to previous years, 12% of mothers were recorded as 

smokers at the time of delivery for 2013/2014. Smoking during pregnancy can cause a range 

of serious health problems such as lower birth weight, pre-term birth, placental complications 

and perinatal mortality. Some prospective studies have also shown that the offspring of 

mothers who smoked a pack or more of cigarettes a day during pregnancy are at elevated 

risk of developing nicotine dependence as adults.42 

 

Control measures in most countries usually consist of: measures to protect people from the 

harms of second-hand tobacco smoke; the provision of help to quit tobacco use; effective 

health warnings through tobacco package labelling and mass media campaigns; regulations 
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on marketing; taxation policies designed to decrease tobacco use; and funding tobacco 

control and other health programmes.40  

Physical activity 

Insufficient physical activity is the fourth leading risk factor for mortality.41 Globally, 31% of 

adults aged 15 years or older were insufficiently active (men 28% and women 34%) in 2008. 

Physical activity reduces the risk of cardiovascular disease, some cancers and type 2 

diabetes and is beneficial for musculoskeletal health, maintaining optimum body weight and 

reduces symptoms of depression. In high-income countries, most activity occurs during 

leisure time, while in low-income countries most activity occurs during work, chores or 

transport. Physical inactivity has severe implications and is estimated to cause around 21–

25% of breast and colon cancer burden, 27% of diabetes and about 30% of ischemic heart 

disease burden.3 Women and girls are often seen to have lower rates of physical activity. A 

social shift away from energy-intensive occupations, such as agriculture, towards service-

sector occupations – and concurrent reductions in the level of physical activity in each 

occupation – has led to the trend of decreased physical activity.   

Most countries provide age-appropriate guidelines for physical activity, and in some cases 

for limiting sedentary time,43 mainly as a measure to prevent childhood obesity. Limiting 

screen time (television, video games) in children, encouraging active play and transport and 

promoting physical activity in schools are seen to be effective measures to prevent childhood 

obesity. To improve the rates of physical activity in all age groups multisectoral approaches 

are often recommended. This includes environmental and policy approaches such as: 

creation and improvement of access to places for physical activity; informational outreach 

activities; community-scale and street-scale urban design and land use; active transport 

policy and practices; and community-wide policies and planning.44 

Diet and nutrition 

 

For an individual to become obese, their energy intake must exceed their energy 

expenditure over a prolonged period of time.43 Diet-related risk factors lead to a range of 

diseases (which further act as risk factors) such as hypertension, high cholesterol, 

overweight and obesity and high blood glucose. The energy density of the diet (energy per 

unit of weight) is of importance; experimental studies have consistently shown that increases 

in the energy density of the diet lead to increases in spontaneous energy intake. Different 

types of fat in the diet have different metabolic effects, leading to differences in the risk of 

weight gain. Fruit and vegetables tend to have low energy density and are high in fiber, 

which may enhance satiety. Insufficient intake of fruit and vegetables is estimated to cause 

around 14% of gastrointestinal cancer deaths, about 11% of ischemic heart disease deaths 

and about 9% of stroke deaths worldwide. Most of the benefit of consuming fruits and 

vegetables comes from reduction in cardiovascular disease.3 

 

There has been interest in the consumption of sugar-rich beverages as a specific risk factor 

for obesity, since experimental studies suggest relatively poor compensation for energy 

consumed as drinks as opposed to solid food. Some studies have found that energy 

consumed in liquid form appears to supplement habitual food intake, leading to increases in 

body weight. It is estimated that decreasing dietary salt intake from the current global levels 
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of 9–12 grams per day to the recommended level of 5 grams per day would have a major 

impact on reducing blood pressure and cardiovascular disease.7 

 

3.2.2 Environmental factors 

 

Environmental determinants of health include all the physical, chemical,  and biological 

factors external to a person, and all the related factors impacting behaviours.29 A growing 

amount of evidence shows the close relation between risk factors for NCDs and 

greenhouse-gas emissions in sectors such as household energy, electricity generation, 

transport (especially in urban environments) and food and agriculture.32 Fine particulate air 

pollution results from burning coal or from vehicle emissions, which are also responsible for 

large amounts of greenhouse-gas emissions. The increasing use of cars has significantly 

contributed to an increased sedentary lifestyle, which is a risk factor for several NCDs. 

Increased active travel can help prevent these NCDs and also reduce costs for associated 

health services. Several communities in rural and deprived areas are dependent on 

inefficient combustion of solid fuels (coal and biomass), causing high levels of indoor air 

pollution, which is a major risk factor for chronic obstructive pulmonary disease and 

contributes to climate change through emission of black carbon and other pollutants.32 

 

Microenvironmental and macroenvironmental determinants of dietary patterns exist that lead 

to obesity in different age group.43 The microenvironmental factors include parents’ body 

mass index (BMI) and dietary pattern, and a family environment in which parents strongly 

control children’s food intake, which reduces the children’s ability to self-regulate their eating 

behaviour. A higher occurrence of family meals and a better meal environment are 

considered to be essential to developing healthy dietary habits. School meals and availability 

of soft drinks are also microenvironmental determinants of childhood obesity, while dietary 

habits at the workplace and food outlets in surrounding areas are contributors to obesity in 

adults. The macroenvironmental factors are: the country’s policies that affect food pricing 

and availability; industrialization of agriculture; food supply and the associated decline in 

prices; rising income and affordability; and mass media, education and information conveyed 

through product labelling that influence consumer’s food choices.43 The WHO Commission 

on Ending Childhood Obesity recommends that interventions should be focused on sensitive 

periods during the life course to address specific risk factors, while also addressing the 

environmental influences to enable behaviour change.45 

3.2.3 Psychosocial factors 

 

The first principle of a life course perspective on social status and health is that social status 

can affect health at any point from birth (or even before) until death.46 Results of a review of 

observational studies in biomedical literature by Pollitt et al. (2005) suggest evidence to 

support the role of low socioeconomic status during early life in elevated levels of 

cardiovascular disease risk factors, morbidity and mortality.47 They also suggest that the 

accumulation of negative socioeconomic status experiences/conditions across the life 

course could have a detrimental impact on cardiovascular disease risk. Different studies 

have suggested that deprivation in early life followed by later affluence combine to produce 

elevated coronary heart disease mortality risk, partly via elevation of adult cholesterol levels. 
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Education creates most of the relationship between achieved social statuses and health, and 

it is mainly through the increased sense of personal control that results from higher levels of 

schooling that greater health outcomes are achieved. Education is also highly dependent on 

parental socioeconomic status. Family socioeconomic status and pre-adult intellectual 

resources have significant effects on health outcomes in mid-life. There is growing evidence 

that childhood adversity linked to social inequalities in childhood has important 

consequences for health later in life.46 

There are marked associations between positive psychological states and health outcomes, 

including reduced cardiovascular disease risk and increased resistance to infection.48 A 

positive affect is also associated with protective psychosocial factors such as greater social 

connectedness, perceived social support, optimism and preference for adaptive coping 

responses. There is growing evidence that positive psychological well-being is associated 

with reduced risk of physical illness and prolonged survival, while serious illness frequently 

leads to a decreased sense of vitality and mood disorders. Studies have shown that systolic 

blood pressure is inversely associated with positive effect after controlling for age, gender, 

socioeconomic status, smoking and BMI. Being part of a social network has been shown to 

contribute to higher levels of positive well-being across many domains of life. 

4. Key stages of the life course affecting health and well-being 

 

4.1 Before birth 

 

4.1.1 Fetal development  

 

The way that a fetus obtains and allocates nutritional resources has profound consequences 

for its lifelong health. Research based on the developmental origins of health and disease 

(DOHaD) has shown that multiple developmental factors operate from preconception 

through early life to affect the risk for later NCDs. The possibilities of preventing NCDs by 

achieving optimal fetal development are now increasing, as early life programming is now 

thought to be important in the etiology of obesity, type 2 diabetes and cardiovascular 

diseases.5 Influences on obesity and other NCDs in early life fall into biological, behavioural 

and contextual domains.49 The biological factors affecting fetal development include 

maternal nutrition (under and overnutrition) and hyperglycemia, and recent studies have 

shown that prenatal exposure to gestational diabetes mellitus could lead to epigenetic 

alterations that increase the risk for type 2 diabetes later in life. Intrauterine growth 

retardation (including low birth weight), premature delivery, over nutrition in utero and 

intergenerational transmission of risk are all known risk factors for chronic diseases such as 

ischemic heart disease, stroke and diabetes 50. Evidence from low- and middle-income 

countries (LMICs) has also supported these findings. In India a link was found between low 

birth weight and insulin resistance in children along with adverse total serum cholesterol and 

low-density lipoprotein cholesterol levels.51 Findings of the Pune maternal nutrition study 

suggest that micronutrient deficiencies (such as vitamin B12) can also lead to low birth 

weight and a later risk of diabetes in the offspring.52 Animal studies have also shown that 
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supplementation with folic acid during pregnancy can potentially prevent some of the 

epigenetic changes.53 

Studies have shown that resource allocation to different organs in utero based on maternal 

environment can have severe consequences on health in later life.54 When exposed to 

adverse conditions during fetal development, development of low priority organs and 

systems is traded-off to protect more important ones. In utero, male fetuses grow more 

rapidly and invest less in placental growth, which puts them at greater risk of becoming 

undernourished. Ethnic differences also exist in developmental strategies for the 

conservation of resources, and hence differences in body composition through life, and this 

could underlie ethnic health disparities. 

Optimum fetal and child nutrition provides several benefits such as: cognitive, motor and 

socioemotional development; healthier adult stature; better work capacity and productivity; 

and a decreased risk of obesity and NCDs throughout the life course.55 This is, however, 

acquired when supported by various other factors such as an enabling environment that 

includes nutrition-sensitive programmes (agricultural and food security, maternal health, 

sanitation) and nutrition-specific programmes for adolescents and during the preconceptional 

period. The impact of early life on long-term outcomes through its effects on physiological 

processes is accepted in the life course perspective, highlighting the potential for early 

intervention to reduce disease risk or severity. 

4.1.2 Preconception 

 

There is an increasing amount of evidence supporting the need to target the preconception 

period to prevent future NCD risk in offspring.56 Recent recommendations by the 

International Federation of Gynecology and Obstetrics (FIGO) state that maternal nutrition 

should be part of a life course approach including perinatal health within the context of 

women’s overall health. This can provide potential benefits to the health of the next 

generation – achieved by adopting healthy habits prior to conception.57 Recent research also 

shows that nutritional factors can affect both male and female germ cells preconceptionally 

to modify fetal development. Hence, the impact of paternal genes on the offspring’s health 

also needs to be addressed. Evidence shows that many women (especially young women) 

do not plan or prepare for pregnancy. For instance, unplanned pregnancies are still common 

in the UK.58 

 

Exposure to toxic substances such as alcohol during pregnancy, deficiencies of essential  

nutrients (preconceptionally and during pregnancy), and other conditions such as diabetes 

and increased maternal age are all known risk factors for causing congenital anomalies, 

which accounted for 0·276 million neonatal deaths (4·4%) in 2013.59 Common abnormalities 

were heart defects and neural tube defects (NTDs). Folic acid during pregnancy and the 

preconceptional period (for high-risk cases) is recommended in high-income and LMICs to 

prevent NTD-related mortality and morbidity.57  Congenital anomalies associated with 

gestational diabetes and pregestational diabetes such as renal agenesis and neural tube 

defects (anencephaly and encephalocoele) have been widely studied.60,61 Studies have 

shown that maternal obesity is also associated with a range of structural anomalies in the 

baby such as cardiovascular anomalies, spina bifida and septal anomalies.62 The 

preconceptional period thus offers great potential to provide interventions to prevent such 

conditions in the fetus. 
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A woman’s social circumstances can be a barrier to healthy choices, leading to poorer 

pregnancy outcomes and less optimal child development. Studies have shown that only a 

small proportion of women planning a pregnancy follow the recommendations for nutrition 

and lifestyle, such as increased fruit and vegetable consumption, intake of folic acid and 

cessation of smoking and alcohol consumption.63 Greater publicity for such 

recommendations is needed. However, as many pregnancies are unplanned, improved 

nutrition and lifestyles of women of childbearing age generally is also required. Smoking in 

pregnancy is still prevalent and the preconceptional period provides an opportunity to 

address the issue along with other important issues such as folic acid and micronutrient 

intake. Asthma and other lung diseases, mental illness, cognitive decline and some forms of 

cancer have also been linked with unhealthy early life environmental exposures. This novel 

transgenerational mode of disease “inheritance” from parents to children is likely to account 

for a greater proportion of risk in the population than fixed genetic effects.58 

4.2 Pregnancy  

 

Healthy weight management, diet, physical activity, contraception, healthy sexual 

relationships, folic acid intake and smoking avoidance are essential preconceptional issues 

that are often not discussed with women before pregnancy. The pregnancy period presents 

another opportunity for intervention, and there is some evidence that women improve health 

behaviours, such as decreasing smoking, alcohol and caffeine consumption at this time.64 

 

Both smoking and alcohol consumption during pregnancy are associated with poor 

pregnancy outcomes, including miscarriage, preterm delivery, low birth weight and impaired 

fetal development. 65 Children born of diabetic pregnancies are more likely to develop 

diabetes and have higher BMI than their siblings who were born in a normoglycemic 

pregnancy 66. Improving glycemic control during pregnancy offers a key opportunity for 

effective intervention by potentially reducing crossgeneration ‘transmission’ of both diabetes 

and adiposity. Teenage pregnancy is also seen to repeats across generations. Different 

Cochrane reviews have shown that women receiving interventions for diet, exercise or both 

were less likely to gain weight during pregnancy and that antenatal aerobic exercise helped 

in maintaining physical fitness.67,68 

 

Evidence also suggests that hypertension and chronic kidney disease can occur due to 

developmental programming in the kidney, leading to reduced nephron number.69 This links 

intrauterine growth retardation, LBW and preterm birth with low nephron number, and 

hypertension in later life. Maternal stunting (height <145 cm) put infants at risk of term and 

preterm SGA (small for gestational age).55 To reduce the risk of SGA births in populations in 

which a substantial proportion of births occur in adolescents, reproductive and family 

planning interventions should be strengthened to optimize age at first pregnancy.70 Iron and 

calcium deficiencies contribute substantially to maternal deaths, and maternal anaemia is 

associated with low birth weight. Maternal and child undernutrition, and an unstimulating 

household environment, are known to contribute to deficits in children's development and 

health and productivity in adulthood.55 Mental illnesses such as depression and anxiety are 

common during pregnancy and in the perinatal period,71 with almost 20% of women 

experiencing symptoms of mental illness at some point during this period. Stigma 
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surrounding mental illness worsens the condition by preventing women from being open 

about their worries and seeking support. 

 

Since most paediatric HIV cases are acquired from the mother, the effective means of 

preventing them is primary prevention by preventing mother-to-child-transmission, and also 

protecting vulnerable young women by providing female-controlled contraceptive barrier 

methods etc.72 Strategies to prevent diseases in women in later life have been successfully 

implemented, such as such as human papillomavirus (HPV) vaccination for girls aged 11–12 

to prevent cervical cancer and Chlamydia trachomatis screening for those less than 25 years 

to prevent ectopic pregnancy or tubal infertility. Almost half of the breast cancer incidence 

has been attributed to risk factors from adolescence and adulthood, especially reproductive 

factors such as late age of first birth, nulliparity, early menarche and late menopause.65,73 

 

4.3 Newborn and early childhood  

 

Infancy (birth to one year) along with early childhood involves children attaining a number of 

important developmental milestones relating to their physical development, along with social 

and emotional development. This includes establishing healthy patterns of eating and 

activity, developing a capacity for self-regulation, language and cognitive development and 

wider learning skills. 

Lower birth weight – including shorter gestation and being small for gestational age – and a 

low socioeconomic status are associated with higher infant mortality and poorer long term 

health and educational outcomes in childhood. Higher levels of deprivation were also 

associated with increased risk of death independent of other factors know to influence infant 

mortality. Factors included births outside marriage, non-white ethnicity of the infant, maternal 

age under 20 and male gender of the infant 74 in a study conducted in England and Wales.  

Breastfeeding: Low maternal age and educational attainment, and a low socioeconomic 

status, negatively impact on infant feeding. To improve initiation of breastfeeding and 

provide adequate care for the newborn, implementation of the Baby Friendly Hospital 

initiative at the country level is recommended by the World Health Organization and several 

Cochrane and other reviews.75-77 It is recommended that support should be provided to 

mothers for initiation of breastfeeding, and that exclusive breastfeeding for the first six 

months does not cause weight loss but does protect from issues such as gastrointestinal 

infections. Studies have shown that suboptimum breastfeeding results in an increased risk of 

mortality in the first two years of life. 55 More recently, WHO infant and young child feeding 

indicators were studied in 14 Demographic Health Survey datasets from low-income 

countries: consumption of a minimum acceptable diet with dietary diversity reduced the risk 

of both stunting and underweight, whereas minimum meal frequency was associated with 

lower risk of underweight only. There are several possible reasons for the link between 

feeding method and later adiposity. Bottle-feeding may discourage appetite self-regulation, 

especially if the mother expects the standard bottle portion to be fully consumed at a feeding 

session.43 In addition, weaning practices from milk on to solid food may differ between 

mothers who breastfeed and those who bottle-feed, with earlier weaning and more energy-

dense weaning food being introduced for the bottle-fed infant. Further, the nature of the 

weaning food may differ as there is some evidence that infants given formula may be less 
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likely to consume vegetables and fruit and more likely to consume commercial infant drinks 

compared with infants who were breastfed. 

During early childhood, nutritional status is an important determinant of physical health, and 

both under and overnutrition during this period can pose health problems in later life. Vitamin 

A and zinc deficiencies, severe childhood undernutrition, unsafe water and sanitation are still 

prevalent risk factors causing significant morbidity and mortality in LMICs 4. On the other 

hand rates of childhood obesity is also on the rise due to introduction of energy-dense foods 

during the preschool years and infancy introduced in infancy.78 In the UK over 20% of 

children entering school at age 4 to 5 years are overweight or obese and around 12.5% of 

toddlers are obese.78 Similarly a recent report from seven eastern Caribbean countries 

shows that rates of overweight and obesity in children aged 0 to 4 years doubled from 7.4% 

in 2000 to 14.8%.79 Weight gain at such an early age puts children at increased risk of on-

going overweight and obesity and of developing physical health problems such as diabetes, 

coronary heart disease  and early osteoarthritis in later life. 

The early years also present a critical period for promoting physical activity and preventing 

sedentary behaviours. The Canadian Society for Exercise Physiology recommends that 

toddlers (aged 1–2 years) and pre-schoolers (aged 3–4 years) should accumulate at least 

180 minutes of physical activity at any intensity spread throughout the day. For those under 

2 years, screen time (e.g., TV, computer, electronic games) is not recommended and should 

be limited to less than an hour per day. Results of a systematic review 80 to evaluate health 

benefits of physical activity in the early years suggest a positive relationship between 

increased or higher physical activity and favourable measures of adiposity, bone and 

skeletal health, motor skill development, psychosocial health (social competence and 

externalizing behaviour), cognitive development and aspects of cardio metabolic health – 

though the evidence was mainly of low quality. 

4.4 Childhood 

 

Relative poverty has a wide range of effects on health, and there has been a persistent 

inverse association between socioeconomic status and childhood mortality in high-income 

countries.81 The socioeconomic environment through childhood also affects adult health and 

disease through different pathways linking educational statues attained, health behaviours 

adopted during childhood and adolescence and parental socioeconomic position.82 For 

example, Kuh and Ben-Shlomo (2004) describe a social pathway whereby adverse 

childhood socioeconomic position increases the risk of adverse childhood exposures as well 

as adult socioeconomic position and smoking behaviour.12 Adverse childhood 

socioeconomic position is also associated with poor postnatal lung function and 

subsequently with poor adult lung function through its effects on immune function and the 

likelihood of exposure to infectious agents. 

The influence of parents and peers on social and emotional development during childhood 

cannot be overlooked and it is suggested that the parent-child relationship may be a life-

course health determinant.83 Young children whose parents show resentment or hostility 

have an increased risk of poor health in later childhood and negative parenting qualities 

have been used as a predictor of ill health and higher use of health services, independent of 

socioeconomic status. 
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Evidence strongly supports a positive association between the intake of calorically 

sweetened beverages along with behaviours such as skipping breakfast, inadequate sleep 

and snacking with adiposity in children.84 Factors such as total dietary intake and fat intake 

have shown weaker associations with childhood obesity, and having family meals together 

has been associated with improved dietary quality. Physical activity, which is an important 

contributor to optimal weight, is also associated with physical and mental health gains in the 

short and long term.  Child overweight is a rising issue in high-income as well as LMICs. It 

has been associated with growing up in an obesogenic environment, in which population 

changes in physical activity and diet are the main drivers. Modifiable risk factors for 

childhood obesity are maternal gestational diabetes, high levels of television viewing, low 

levels of physical activity, parents’ inactivity, and high consumption of dietary fat, 

carbohydrate and sweetened drinks.55 Parental feeding practices and control over eating 

affect children’s early eating patterns and risk of childhood obesity. Parental levels of 

physical activity and sedentary behaviour have also been shown to predict levels of activity 

in their children. More detailed discussion of these risk factors, and of possible interventions 

and actions by organizations at many levels, is given in the final report of the WHO 

Commission on Ending Childhood Obesity (released January 2016).45 

4.5 Adolescence 

 

Rapid brain development and the attainment of new cognitive abilities, such as complex 

abstract thinking, leads to several significant changes in terms of identity and relationships 

with families, peers and schools in a young adult’s life. Impulsivity and an increase in risky 

behaviours are often observed in this period leading to adverse outcomes such as teenage 

pregnancy, substance abuse and mental health disorders. Adolescence is a crucial time for 

establishing health behaviours that affect health and wellbeing in later life. Half of lifetime 

mental illness (excluding dementia) is said to start by the age of 14, more than 8 out of 10 

adults who have ever smoked regularly started smoking before 19. Studies have shown that 

8 in 10 obese teenagers went on to be obese as adults 10. 

Key transitions occurring during adolescence as identified by the World Bank are: from 

dependent child to independent adult; from primary to secondary and higher education; from 

education into the workforce; and into responsible and productive citizenship.85 This also 

includes an important shift to becoming an adult responsible for their own health care. 

Successful negotiation of these transitions is necessary for young people to become 

economically productive members of society and to have the best chances for good health 

and well-being across the life course. Adolescents and young adults also have a high 

prevalence of anaemia. In India, for example, 55·8% of adolescents aged 15–19 years and 

56·7% of women aged 20–24 years were anaemic.55 

We discuss the life stage of adolescence in depth in section 5 with respect to causes for 

concerns in the health and well-being of adolescents and the lack of current effective 

interventions in place.  

4.6 Adulthood 
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Individuals entering adulthood bring with them risks for their later health that have been 

acquired during fetal life, childhood and adolescence. Socioeconomic disadvantages have 

an important influence on health behaviours, as individuals from more disadvantaged 

backgrounds are more likely to smoke, have an unhealthy diet and be less physically active 

by not participating in regular sports activities than those from more affluent backgrounds .10 

Almost half of all deaths caused by NCDs in LMICs occur in people younger than 70 years, 

and nearly 30% occur in people younger than 60 years. Employment and occupational 

health is an important aspect of adulthood and NCDs in this age group and can affect 

national economies because people with such diseases are likely to be less productive at 

work, lose their jobs and retire prematurely, decreasing household earnings and increasing 

the risks of poverty.32 Unemployment is also associated with a number of elevated health 

risks such as increased rates of limiting long-term illness, mental illness and cardiovascular 

disease and an increase in overall mortality, and in particular with suicide.10 Smoking, 

alcoholism and substance abuse are other risk factors in this age group that are of concern. 

Results of a systematic review suggested that working long hours (≥55 hours per week) 

compared with standard hours was associated with a significant increase in risk of incident 

coronary heart disease (relative risk [RR] 1·13, 95% CI 1·02–1·26; p=0·02) and incident 

stroke (1·33, 1·11–1·61; p=0·002). Other occupational risk factors include exposure to 

carcinogens, airborne particulate matter, ergonomic stressors and noise pollution, leading to 

conditions such as cancers (leukaemia, lung cancer, mesothelioma), chronic obstructive 

pulmonary disease, asthma, asbestosis, musculoskeletal pain and injuries and hearing loss. 
86  

Multiple risk factors for cancers are considered to develop over an individual’s lifetime or 

operate at different developmental periods. While a “western” lifestyle has been linked to 

prostate cancer, studies attempting to link early life and perinatal factors such as birth order, 

paternal age and birth weight to prostate cancer have produced inconsistent results.73 

Evidence has also suggested that testicular cancer could be associated with perinatal 

factors such as the hormonal environment. About 15% of cancers worldwide are related to 

long-term consequences of infections.87 Stomach cancer is associated with chronic infection 

with Helicobacter pylori, and cervical cancer – which causes significant mortality and 

morbidity among women from LMICs – has been linked to persistent infection with certain 

types of HPV. Chronic infection with the hepatitis B virus is an important aetiological factor in 

liver cancer, and transmission often occurs at birth and early childhood and in adult life.87 

4.7 Ageing  

 

Increasing life expectancy and falling fertility rates has led to a dramatic increase in the 

proportion and numbers of older people.8 Ageing is associated with several changes in 

intrinsic capacity and functional ability such as declines in strength, musculoskeletal function 

and immune function (particularly T-cell activity), and a decrease in cognitive functions is not 

uncommon. Different models exist to explore the process of ageing, and research on healthy 

ageing lacks, and has not adequately taken into account, the growing evidence that social 

and biological factors from early life onwards affect later health.88 A life course model to 

understand the ageing process has often been used 30,88,89 to consider ageing as a lifelong 

process that needs to be studied in younger age groups as well. It suggests that genetic and 

environmental determinants of the need for maintenance and repair, as well as the capacity 
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to carry it out are likely to be responsible for the effects of ageing and possibly contribute to 

the wide variation in rates of ageing between individuals. The life course model suggests 

that the rate of decline in function depends on the peak function attained, as well as later life 

conditions, and a better understanding of the developmental components of ageing is 

required to identify markers of disease risk earlier in life.29  

Findings in relation to nutrition in early life and ageing suggest that diet restriction in early life 

potentially causes accelerated ageing unlike that in adulthood. Environmental influences in 

adult life and genetic factors have been associated identified for causing musculoskeletal 

ageing in the form of thinning of bone (osteoporosis), reduced muscle mass strength 

(sarcopenia) and  changes in cartilage (osteoarthritis).89 Links between birth weight, weight 

in infancy and adult bone mass have been suggested by studies 90 and findings from the 

Hertfordshire study supported these links by showing similar results. The decline in certain 

cardiovascular and musculoskeletal functions is also associated with a decrease in physical 

activity along with changes in body composition due to ageing. Interventions to support 

healthy ageing and prevent a shift in trajectory are recommended when a person is 

healthy.91 

Multi morbidity has significant impacts in older age and intrinsic capacity decreases with an 

increase in the number of chronic conditions, and the risk for multiple diseases in old age is 

higher for women and individuals from lower social classes.92  

It is seen that brain plasticity, rapid maturation of organ systems during puberty and the 

behavioural and social changes that occur during adolescence make it a critical period. 

Interventions at this stage could have a high impact in a short period of time, preparing 

young adults for healthier later life and also for passing health to the next generation. We 

thus propose from the review that adolescence is a key life stage that needs to be 

addressed to influence the health of future generations.  

5. Application of the life course approach to the adolescent age group 

 

Recently the need for making adolescent health more prominent in future global public 

health programmes and policies has been emphasized.9,57,93 WHO identifies the adolescent 

age group (young people between the ages of 10 and 19 years) as distinct from children and 

adults and requiring specific attention. With a population of around 1.8 billion, 10–24 year 

olds comprise a quarter of the world’s population, with almost 90% of them living in LMICs.93 

Though a growth in the young adult population indicates an improvement in issues such as 

infant and early childhood mortality, it also leads to a surge in health issues related to sexual 

and reproductive health, substance misuse, obesity, injury and mental health (WHO global 

health risks 2009).94 Yet, adolescence as a discrete stage in the life course has not been 

widely discussed within epidemiology. Research and efforts to prevent chronic diseases 

during adulthood have focused on very early life and the effects of parenting and education 

in early childhood 12,95. Adoption of health-compromising behaviours during early 

adolescence can adversely affect overall adolescent development, set the course throughout 

the adult years and have significant repercussions on the health of the future generation.57,96 

5.1 Factors influencing health and well-being in adolescents 
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5.1.1 Biological development 

 

Puberty 

Puberty is initiated in late childhood through a cascade of endocrine changes leading to 

rapid somatic growth, brain development, sexual maturation and attainment of reproductive 

capacity. Substantial brain development and psychosocial changes accompany this 

transition – features that are unique to humans.97 Improvements in childhood nutrition, health 

and hygiene in developed countries is suggested to have caused a decrease in the age of 

onset of puberty; the mean age at menarche now is around 13 years for white girls and 12.5 

years for black girls.94,98 Young adults now take on characteristically adult roles at an older 

age in several developed nations and this has led to an increase in the length of the 

adolescent period.94 The changes during puberty also affect the incidence and clinical 

manifestations of a number of diseases such as polycystic ovarian syndrome, eating 

disorders and depression.97 

Brain development 

Recent research has shown that the brain continues to develop through adolescence well 

into early adulthood, and that the adolescent brain has significant neural plasticity. This 

provides opportunities in adolescence to amend the impact of negative experiences earlier in 

life and to promote positive developments that will enhance intellectual ability and emotional 

functioning. However, research also suggests that executive functioning (a theorized 

network that regulates behaviour and influences behaviours such as smoking, drinking, 

overeating and being physically inactive) is linked to the social, physical and economic 

environments during early years of life.99  

These physical changes occur alongside psychological and social changes, making 

adolescence a sensitive period during which normative and maladaptive patterns shape 

future trajectories. 

 

5.1.2 Onset of risky behaviours  

 

Neurodevelopment has implications for the exploration and experimentation that takes place 

during adolescence, because biological maturity precedes psychosocial maturity. Research 

suggests that pubertal hormones might affect the structure and function of the developing 

human brain.100 The limbic system governing appetite, pleasure-seeking behaviours and 

reward processing, develops earlier in adolescence than the prefrontal cortex that controls 

executive functioning. Hence impulsivity and poor decision making demonstrated by drug 

use, unintentional injuries (car accidents) and unprotected sexual activity in adolescents 

could be due to the delayed development of the prefrontal cortex.94,101 Cognitive 

development in adolescence also includes the capacity for abstract thinking and an 

increased capacity for setting goals. This dynamic interaction between body changes, 

changing identity and changing social groups during adolescence gives rise to both great 

potential and significant risk in young people’s lives and changing relationships with families, 

peers and schools.94,102 
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Many of the risk factors and lifestyle patterns that lead to NCDs in adulthood arise from 

behaviours that begin in adolescence, such as tobacco use, alcohol consumption, unhealthy 

diets and physical inactivity.102 Impulsiveness and risky behaviours during adolescence are 

not only due to the limitations in brain development, but also to a lack of experience with 

novel adult behaviours.101  Research has also shown that developmental risks can be 

reduced and trajectories changed to favour constructive development. Forming positive 

relationships with adults and developing good intellectual functioning has been shown to 

predict resilience in young adults during adversity. Lessened antisocial behaviour, increased 

restraint in sexual behaviour, and decreased patterns of risk behaviour related to alcohol, 

tobacco and drugs were seen in modelling studies related to positive peer influences.103 

 

5.1.3 Psychosocial determinants 

 

Factors such as deprivation, poor parental support, family conflict and poor mental health 

are known to be responsible for several adverse outcomes, such as substance abuse and 

teen pregnancy.102 Addressing such common risk factors in interventions provides 

opportunities to prevent multiple issues in adolescence. Young adults are also influenced by 

the socioeconomic circumstances of their community, along with gender norms and 

practices. These factors lead to differential exposures and susceptibility to health risks such 

as depressive disorders, sexually transmitted infections (STIs) and eating disorders.104 Viner 

et al. (2012) state that the strongest determinants of health are structural factors such as 

national wealth, income inequality and access to education.105 Safe, supportive families and 

schools and peers are important determinants of health in teenagers as they transition from 

childhood into adult life,102,105 and can be useful resources to improve adolescent health, 

which later predicts educational outcomes as well as employment. There are strong 

associations of deprivation with unhealthy lifestyles in adults, leading to similar patterns in 

young people from such families, and there is evidence supporting the adoption of unhealthy 

behaviours among adolescents from low socioeconomic backgrounds. Low socioeconomic 

status is also associated with unhealthy diets, reduced physical activity and increased 

cigarette smoking in adolescents.34 

Studies have shown that adolescents and young adults with addiction experience affect 

dysregulation, resulting in an inability to reach out to others for emotional soothing and 

comfort. Clinically, certain environmental interventions that provide a support network 

(maternal care, a positive family environment, the support of a close friend) have been 

shown to reduce the impact of childhood abuse.34  

5.1.4 Genetic and epigenetic influences 

 

As discussed earlier, there is now increasing evidence that epigenetic processes are central 

to the mechanism by which the early nutritional environment can increase susceptibility to 

obesity and other NCDs in later life.17,91,106 Altered epigenetic regulation has been shown to 

be induced by maternal malnutrition in genes that control lipid and carbohydrate metabolism, 

and those involved in the central appetite–energy balance neural networks. This suggests 

that not only is development in adolescence affected by the individual’s prenatal and 
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childhood environments, but also that risk for chronic diseases can be passed on to the next 

generation if issues such as malnutrition (both over and undernutrition) are not tackled early, 

considering that young girls often become pregnant during this period. A recent study on the 

prospective associations between adversities in early childhood and the epigenetic 

conformation of adolescents’ genomic DNA 107 showed differential methylation among 

adolescents whose parents reported high levels of stress during their children’s early lives. It 

also showed that maternal stressors in infancy and paternal stressors in the pre-school 

years were strong predictors. This suggests that early experiences can cause changes in the 

epigenome affecting metabolic and physiological pathways, possibly changing trajectories of 

individual phenotypic development and critically affecting health. 

5.1.5 Environmental factors 

 

Exposure to marketing and advertisements of energy-dense foods has been an issue that 

has contributed to the burden of obesity in children and young adults.10 Advanced marketing 

techniques using social networks, mobile phones and mobile phone applications – and other 

novel methods such as e-voucher messaging, behaviour profile capture and interactive 

advert creation – have the potential to expose children to marketing. 

WHO suggests an ecological framework for the determinants of health in the adolescent 

period 93 that includes several factors that protect or undermine adolescents’ health.  These 

are at the familial and community levels and also consider the influences of mass media and 

digital interactive media. Higher level policies and political decisions about the distribution of 

resources and power also eventually affect the health of young adults by creating enabling 

environments to improve health. 

Most of these factors are interrelated. For example, the development of obesity in 

adolescents is influenced by a range of factors, including physiological (decreased insulin 

sensitivity, change in location of body fat), psychosocial (body dissatisfaction and increased 

risk of depression) and behavioural (decreased quality of diet and participation in sports).108 

 

5.2 Concerns in the adolescent period 

 

Most adolescents believe that they are healthy, and they discount future steps to improve or 

maintain health until later in the life course. While this may be true from the point of view of 

current risk, it is clearly not correct in terms of the underlying trajectory of risk, which is set in 

early life and can be modified in adolescence. Moreover many adolescents, especially those 

of low socioeconomic status or educational attainment, are not on the radar of public health 

in their community. Contrary to popular belief, there is a significant burden of disease during 

the adolescent years, and most causes of such disease and mortality are preventable. 

Mortality is higher in boys than in girls and in older adolescents (15–19 years) than in the 

younger group (10–14 years). The leading causes of death among adolescents in 2012 were 

road injury, HIV, suicide, lower respiratory infections and interpersonal violence.9,93,109 While 

most of these causes are common to boys and girls, violence is a particular problem in boys, 

and complications related to pregnancy and childbirth are among the leading causes of 

death in girls of this age group. The burden is also higher in LMICs that also have additional 



29 
 

problems such as HIV and malaria causing significant mortality and morbidity in 

adolescents.110,111 Significant regional variations exist for mortality and morbidity in 

adolescents, and hence efforts for prevention should be tailored to the needs of the 

population. However, some of the common priority areas for improving adolescent health, 

identified in most countries, are discussed further below. 

5.2.1 Reproductive and sexual health  

Early marriage and teenage pregnancy 

 

Nearly one in every four adolescent girls aged 15–19 in the developing world (excluding 

China) is currently married or in union, and in South Asia nearly one in every three 

adolescent girls aged 15–19 is married or in union.112 Pregnancy at a young age and early 

marriage not only affect the health and self-efficacy of girls but also disrupts their education 

and development of skills and social networks – all of which undermines their future health 

and well-being, along with the health of their children. Adolescents often lack knowledge of 

the need to prepare for pregnancy. Many pregnancies at a younger age are unplanned, so 

risk factors that can influence early development of the fetus may not be addressed, such as 

folic acid intake, alcohol use and other dietary and lifestyle issues such as achieving a 

healthy BMI.57  

Adolescent pregnancy is associated with higher risk of maternal mortality and morbidity than 

seen in women in their 20s, along with stillbirths, neonatal deaths, preterm births, low birth 

weight and postnatal depression.30,113 Calcium supplementation is often required.114 

Other issues in sexual health 

 

High risk sexual behaviour in adolescence also places an individual at a higher risk of STIs  

such as chlamydia, gonorrhoea and HPV, potentially leading to long-term issues such as 

infertility.115 There are currently more than 2 million adolescents between the ages of 10 and 

19 years living with HIV. Many do not receive adequate care and support to maintain health 

or prevent transmission.116 In addition, millions more adolescents are at risk of infection.  

5.2.2 Obesity 

 

The adolescent period is marked by critical changes in body composition, insulin sensitivity, 

physical activity, sedentary and diet behaviours, and psychological issues that place 

adolescents at an increased risk of becoming overweight and maintaining obesity in 

adulthood. It has been suggested that almost 80% of obese adolescents become obese 

adults (Daniels et al., 2005). Physical activity and participation in sport and physical 

education decrease during adolescence, especially in girls.108 The transition from childhood 

to adolescence is associated with significant increases in sedentary activity, more exposure 

to screen time (i.e. TV, internet, video games), an unhealthy diet and shorter sleep duration 

– all of which have been associated with obesity. The influence of media advertisements 

promoting unhealthy food and beverage choices has been addressed by the World Health 

Organization in its Set of Recommendations on the Marketing of Foods and Non-alcoholic 

Beverages to Children’ (2010),117 and in its Report of the Commission on Ending Childhood 

Obesity 45 to reduce the impact on children of marketing of foods high in saturated fats, 

trans-fatty acids, free sugars, or salt. Adolescents in particular may have more freedom 
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when it comes to food and beverage choices made outside the home, and so may be more 

vulnerable to the impact of such marketing. 

 

The adverse effects of obesity in the adolescent period on later life are well known. Findings 

from the National Child Development study in 1958 suggested that pubertal timing is 

associated with changes in BMI from childhood to adulthood 118 and that it influences BMI 

and blood pressure in adulthood in males.119 Results from the Harvard Growth study of 1922 

to 1935 show that overweight in adolescence was associated with an increased all-cause 

mortality risk among men, along with an increased risk of morbidity due to coronary heart 

disease, arthritis, and atherosclerosis.120 Also, adults who were obese adolescents are more 

likely to have lower incomes and experience higher degrees of social exclusion.43 

 

 5.2.3 Substance abuse  

 

Often the first experiences with tobacco, alcohol and illicit drugs occur during adolescence. 

In several countries about one in four adolescents aged 13–15 reported having had an 

alcoholic drink sometime within the past month. Alcohol provides an example of behaviour 

where there is clear evidence that adolescent initiation is important for adult alcohol 

burden.95 However, the nature of the pathways between adolescent and adult drinking is not 

well understood and not often addressed in research.121 Similarly, almost 90% of lifetime 

smoking is initiated between the ages of 10 and 20 years in the UK.102 

 

5.2.4 Mental health and suicide 

 

Most mental disorders begin during childhood or adolescence (12–24 years of age), 

although they are often first detected later in life 122 so diagnosis and treatment may be 

delayed for years (World mental health survey). Mental health problems such as depression 

and anxiety, when left undiagnosed and untreated, have subsequent effects on adult mental 

health, social functioning and parenting.93 The prevalence of reported suicide attempts in the 

last 12 months is also high, ranging widely among adolescents aged 12–18. Many high-

income countries report rates of 5–10%. Rates are slightly higher – around 15% – in several 

LMICs. In a few countries more than one in every three adolescents reports attempting 

suicide in the preceding year. 93 

5.3 Scope for action 

 

Of the several frameworks existing for adolescent health behaviours, Blum et al. (2014) 

propose four central goals to be achieved by early adolescence: engagement with learning; 

emotional and physical safety; positive sense of self/self-efficacy; and acquisition of 

life/decision-making skill. They recommend that interventions targeted towards early 

adolescence should aim to promote these key skills.  

Zimmerman and Fergus (2005) 123 recommend the concept of resilience for prevention of 

unhealthy behaviours in adolescents when designing interventions. Resilience involves 

overcoming the negative effects of risk exposure and coping successfully with traumatic 
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experiences, while avoiding the negative trajectories associated with risks. The central idea 

is that interventions may need to focus on developing assets such as self-efficacy for health-

promoting behaviours, academic skills and participation in extracurricular and community 

activities. 

5.3.1 Prevention of teenage pregnancy and services for sexual and reproductive 

health 

 

Ideally, adolescent clinical services should include prevention of teenage pregnancy, and 

care during pregnancy and childbirth.  Prevention, diagnosis and treatment of STIs and HIV, 

and prevention of cervical cancer, are also required. 124 The results of a Cochrane review 

suggest that multiple interventions (combination of educational and contraceptive 

interventions) lowered the rate of unintended pregnancy among adolescents.125 Commonly 

used approaches also include a combination of health worker training, adolescent-friendly 

facility improvements, and broad information dissemination via the community, schools and 

mass media. However, strategies based outside of health facilities are often lacking.126 Low 

health-care-seeking behaviour and fear of being chastised or punished are some of the 

barriers to youth-friendly care faced by adolescents.124 

Approaching preconception during adolescence to improve health 

 

Young girls who are not physically mature might enter pregnancy with depleted nutrition 

reserves and anaemia, especially in LMICs. Adolescent pregnancy is associated with a 50% 

increased risk of stillbirths and neonatal deaths, and increased risk of preterm birth, low birth 

weight and asphyxia. Such pregnancies are especially prone to complications of labour and 

delivery, such as obstructed and prolonged labour, vesico-vaginal fistulae and infectious 

morbidity. In societies in which most births are within a marital relationship, interventions to 

increase women’s age at marriage and first pregnancy are important.70 

Effective interventions are needed to improve access to and use of contraception to prevent 

unintended pregnancies and STI transmission. They include: enacting and implementing 

laws and policies requiring the provision of comprehensive sex education and contraceptive 

services for adolescents within and outside school settings; making health services 

adolescent-friendly; and integrating contraceptive services with other health services. There 

is evidence that mobile phones and social media provide promising means of increasing 

contraceptive use among adolescents.127 Sex education programmes should provide 

accurate information and build skills for negotiating sexual behaviours, for both girls and 

boys 124. Interventions to promote adolescent health and prevent teenage pregnancies 

should encourage contraceptive use and appropriate birth spacing, optimize weight and 

micronutrient status, and screen for and manage chronic conditions.128 Young women who 

receive preconception care are more likely to adopt healthy behaviours, and therefore have 

better pregnancy outcomes.  

Projects in Nepal and India provide evidence for the efficacy of interventions to increase 

uptake of reproductive services (antenatal and postnatal) and contraceptive use among 

young women and couples. The Reproductive Health for Married Adolescent Couples 

Project (RHMACP) in Nepal delivers a package of family planning, safe abortion and 

maternal health interventions during the antenatal period, childbirth, and the postnatal 
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period.  The Promoting Change in Reproductive Behaviour in Bihar (PRACHAR) project in 

India delivers a package of promotional, preventive and curative interventions in the pre-

pregnancy period.129 

The UK’s Teenage Pregnancy Strategy: Beyond 2010 predominantly focuses on prevention 

of pregnancy through improving contraceptive and sex-education services. However, the 

recent report by the Chief Medical Officer for England 58 draws attention to the need to focus 

on adolescent health and nutrition, along with achieving optimum nutrition preconceptionally, 

to improve pregnancy-related outcomes for the mother and baby. Early interventions 

preconceptionally are promising, as epigenetic processes have been shown to be reversible 

in animal models during a crucial window of developmental plasticity that declines over the 

life course.130 

5.3.2 Preventing obesity and achieving optimum nutrition and physical activity during 

adolescence  

The importance of healthy behaviours in adolescents, young women and men before 
conception and in early pregnancy is reiterated in the report of the World Health 
Organization on Ending Childhood Obesity. 
 
 
 
 
 

 

Figure 5. Nutrition through the life course – proposed causal links: Adapted from WHO 
childhood overweight policy brief, based on figure from Darnton-Hill I, Nishida C, James WPT. A life 
course approach to diet, nutrition and the prevention of chronic diseases. Public Health Nutr 
2004;7:101-21. 

Figure 5 illustrates current understandings related to the importance of different life stages 

and the effect of malnutrition across generations.131 The importance of adolescence in 

achieving optimal nutrition is reinforced as it has potential effects on future pregnancies, fetal 

and infant malnutrition and malnutrition in adulthood.  
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Results of a systematic review show that interventions including the use of computer/smart 

phone technology that combined one or more features such as parental involvement, 

education, goal setting and self-monitoring, were effective in improving dietary behaviours in 

adolescents. 132 

The recent FIGO recommendations for nutrition emphasize the importance of the adolescent 

and young adult periods for long-term health.57 Gaining optimum nutrition prior to conception 

has benefits for the next generation along with resolving micronutrient deficiencies through 

interventions focusing on dietary diversity and fortification of foods. Deficiencies of iron, 

iodine, folate, calcium, vitamin B12 and vitamin D are commonly seen in the adolescent age 

group and supplementation as necessary should be provided.  Results from the Victorian 

Cohort study, Australia, 133-135 have suggested that, in adolescents, controlling weight by 

exercise rather than diet restriction seems to carry less risk of the development of eating 

disorders. School-based physical activity programmes are more effective for promoting 

physical activity and fitness in children and adolescents aged 6 to 18.136 

Research on utilizing social media to promote the health of adolescents is increasing and 

studies evaluating the effectiveness of interventions using information and communication 

technology suggest positive effects.137 The LifeLab intervention is an educational 

intervention in the UK targeting teenage boys and girls. It aims to improve their health 

literacy and understanding of the long-term influences of their health behaviours on their 

subsequent health and that of their future children.138 The intervention uses an 

empowerment approach by improving the self-efficacy of teenagers in order that they can 

improve their own health behaviours with respect to diet and lifestyle. Improving the health 

and nutrition of teenage girls and boys has great potential to improve the health and well-

being of the future generation. Similar approaches are being used in low-income settings. In 

South Africa, for example, rates of obesity are high among adolescent girls, leading to both 

high rates of gestational diabetes and low birth weight.  An intervention being planned in 

South Africa to reduce obesity among adolescent girls to improve glycaemic control will use 

community health workers trained in behaviour change techniques.139 

5.3.3 Other interventions for common risky behaviours in adolescence 

 

Interventions to improve behaviours related to smoking, diet and physical activity have been 

recommended for the prevention of NCDs as following evidence that changes in lifestyle are 

associated with changes in biological risk factors in adolescents.140 Structured universal 

interventions for improving mental health in children living in low-income settings have 

shown significant positive effects on students’ emotional and behavioural well-being, 

including improved self-esteem and coping skills. Benefits accrued from utilizing the school 

and community settings.141 Raised prices, taxation, restricting settings of use, and raising 

legal purchase age have been tested and seen to be effective in reducing use of alcohol and 

tobacco and related harms. In addition, developmental prevention interventions aiming to 

reduce pathways to drug-related harm by improving conditions for healthy development in 

the earliest years through to adolescence are recommended to prevent substance abuse in 

adolescence.142 These preconceptional interventions aim to reduce drug use motivated by 

escape from distress, by reducing risk factors such as use of tobacco, alcohol or other drugs 

in pregnancy and exposure of children to environmental tobacco smoke. 
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Conclusion 
 

The high disease burden in young people suggests that they are particularly affected by the 

persistent low global investment in NCDs and injury relative to the global disease burden. 

The changing patterns of mortality suggest that future global health targets should have an 

increased emphasis on the health of adolescents and young adults. Adolescence is a critical 

developmental stage after fetal and infant life, with rapid growth and development and 

widespread change across body systems. These major transitions and developmental 

changes make this a time of immense potential for preventive interventions. Providing 

opportunities for development during this period may consolidate early gains, or offer a 

second chance to young people who missed out during childhood.9,93 Initiatives such as the 

Global Accelerated Action for the Health of Adolescents (AA-HA!)143 by the World Health 

Organisation encourages engagement and participation among adolescents in interventions 

and puts adolescent health in the forefront of health care policy making at all levels. 

Adopting a life course approach to child development, with greater attention given to the 

care, empowerment and protection of adolescents, girls in particular, is the soundest way to 

break the intergenerational transmission of poverty.112 Evidence has repeatedly shown that 

educated girls are less likely to marry early and get pregnant as teenagers, more likely to 

have correct and comprehensive knowledge of HIV and AIDS, and more likely to have 

healthy children when they eventually become mothers. There is a need to identify specific 

risk and protective factors in LMICs that can help further to develop interventions tailored for 

adolescents. Reducing the emergence of problems during adolescence should have a 

substantial effect on reducing the burden of health problems that follow into adulthood. 

 

 

 

 

 

 

 

References: 

 

1. Lopez AD, Mathers CD, Ezzati M, et al. Global and regional burden of disease and risk 
factors, 2001: systematic analysis of population health data. The Lancet 
2006;367(9524):1747-57. 

2. Mathers CD, Loncar D. Projections of Global Mortality and Burden of Disease from 2002 
to 2030. PLoS Med 2006 ;3(11):e442. 

3. World Health Organization. Global health risks: mortality and burden of disease 
attributable to selected major risks 2009. 

4. Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S, Brauer M, et al.  
2015. Global, regional, and national comparative risk assessment of 79 behavioural, 
environmental and occupational, and metabolic risks or clusters of risks in 188 



35 
 

countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 
2013. Lancet, 386, 2287-2323. 

5. Kuh D, Davey-Smith G. The life course and adult chronic disease: an historical 
perspective with particular reference to coronary heart disease.  In: A Life Course 
Approach to Chronic Disease Epidemiology: Oxford University Press; 2004. 

6. United Nations General Assembly. Transforming our world: the 2030 agenda for 
sustainable development. United Nations, New York; 2015. 
https://sustainabledevelopment.un.org/post2015/transformingourworld (accessed 
10th December 2015). 

7. World Health Organization. Global status report on noncommunicable diseases; 2014. 
http://www.who.int/nmh/publications/ncd-status-report-2014/en/. 

8. World health Organisation. World report on Ageing and Health; 2015. 
http://www.who.int/ageing/publications/world-report-2015/en/. 

9. United Nations. The global strategy for women’s, children’s and adolescents’ health 
(2016-2030): Every women Every child; 2015. 

10. Department of Health. Healthy Lives, Healthy People: Our strategy for public health in 
England. London; 2010. https://www.gov.uk/government/publications/healthy-lives-
healthy-people-our-strategy-for-public-health-in-england. 

11. Ben-Shlomo Y, Kuh D. A life course approach to chronic disease epidemiology: 
conceptual models, empirical challenges and interdisciplinary perspectives. 
International Journal of Epidemiology (2002);31(2):285-93. 

12. Kuh D, Shlomo YB. Introduction. In: A life course approach to chronic disease 
epidemiology Oxford University Press; 2004. 

13. Blane D, Netuveli G, Stone J. The development of life course epidemiology. Revue 
d'Épidémiologie et de Santé Publique 2007;55(1):31-38. 

14. Barker DJ, Lampl M, Roseboom T & Winder N; 2012. Resource allocation in utero and 
health in later life. Placenta, 33 Suppl 2, e30-4. 

15. Bertram CE, Hanson MA. Animal models and programming of the metabolic syndrome 
Type 2 diabetes. British Medical Bulletin 2001;60(1):103-21. 

16. Gardner DS, Jackson AA, Langley-Evans SC. The effect of prenatal diet and 
glucocorticoids on growth and systolic blood pressure in the rat. Proceedings of the 
Nutrition Society 1998;57(02):235-40. 

17. Gluckman PD, Hanson MA, Cooper C, et al. Effect of in utero and early-life conditions on 
adult health and disease. N Engl J Med 2008;359(1):61-73. 

18. Radford EJ, Ito M, Shi H, et al. In utero undernourishment perturbs the adult sperm 
methylome and intergenerational metabolism. Science 2014;345(6198):1255903. 

19. Hanson MA, Gluckman PD. Developmental origins of health and disease--global public 
health implications. Best Practice & Research in Clinical Obstetrics & Gynaecology 
2015;29(1):24-31. 

20. Syddall H, Sayer AA, Simmonds S, et al. Birth weight, infant weight gain, and cause-
specific mortality the Hertfordshire cohort study. American journal of epidemiology 
2005;161(11):1074-80. 

21. Leon DA, Lithell HO, Vågerö D, et al. Reduced fetal growth rate and increased risk of 
death from ischaemic heart disease: cohort study of 15 000 Swedish men and 
women born 1915-29. Bmj 1998;317(7153):241-45. 

22. Fall CH. Fetal malnutrition and long-term outcomes Maternal and Child Nutrition: The 
First 1,000 Days: Karger Publishers; 2013 p11-25. 

23. Hertzman C, Power C. Health and human development: understandings from life-course 
research. Developmental Neuropsychology 2003;24(2-3):719-44. 

24. Gillman MW. A life course approach to obesity A life course approach to chronic disease 
epidemiology. 2 ed: Oxford University Press; 2004. 

25. Burton-Jeangros C, Cullati S, Sacker A, et al. A life course perspective on health 
trajectories and transitions: Springer, 2015. 



36 
 

26. Lynch J, Smith GD. A life course approach to chronic disease epidemiology. Annu Rev 
Public Health 2005;26:1-35. 

27. Kuh D, Ben-Shlomo Y, Lynch J, et al. Life course epidemiology. Journal of epidemiology 
and community health 2003;57(10):778. 

28. Merlo J. Contextual Influences on the Individual Life Course: Building a Research 
Framework for Social Epidemiology. Psychosocial Intervention 2011;20(1):109-18. 

29. Bircher J, Kuruvilla S. Defining health by addressing individual, social, and environmental 
determinants: New opportunities for health care and public health. Journal of Public 
Health Policy 2014;35(3):363-86. 

30. Hanson M, Cooper C, Sayer AA, et al. Developmental Aspects of a Life Course 
Approach to Healthy Ageing. The Journal of physiology 2015. 

31. Gluckman PD, Hanson MA, Bateson P, et al. Towards a new developmental synthesis: 
adaptive developmental plasticity and human disease. The Lancet 
2009;373(9675):1654-57. 

32. Alleyne G, Binagwaho A, Haines A, Jahan S, Nugent R, Rojhani A & Stuckler, D;. 
Embedding non-communicable diseases in the post-2015 development agenda. 
Lancet, 2013; 381, 566-574. 

33. Burton PR, Clayton DG, Cardon LR, et al. Genome-wide association study of 14,000 
cases of seven common diseases and 3,000 shared controls. Nature 
2007;447(7145):661-78. 

34. Blum K, Febo M, Smith DE, et al. Neurogenetic and epigenetic correlates of adolescent 
predisposition to and risk for addictive behaviors as a function of prefrontal cortex 
dysregulation. Journal of Child & Adolescent Psychopharmacology 2015;25(4):286-
92. 

35. Ezzati M, Riboli E. Behavioral and Dietary Risk Factors for Noncommunicable Diseases. 
New England Journal of Medicine 2013;369(10):954-64. 

36. World Health Organization. Global status report on alcohol and health-2014. 
37. Oscar-Berman M, Marinković K. Alcohol: Effects on Neurobehavioral Functions and the 

Brain. Neuropsychology Review 2007;17(3):239-57. 
38. Clark D. Children at high risk for underage drinking and alcohol use disorders. Frontlines. 

Bethesda (MD): National Institute on Alcohol Abuse and Alcoholism 2006. 
39. Leon DA, Chenet L, Shkolnikov VM, et al. Huge variation in Russian mortality rates 

1984–94: artefact, alcohol, or what? The Lancet 1997;350(9075):383-88. 
40. World Health Organization. WHO report on the global tobacco epidemic, 2013: enforcing 

bans on tobacco advertising, promotion and sponsorship: World Health Organization; 
2013. 

41. Alwan A. Global status report on noncommunicable diseases 2010. Geneva: World 
Health Organization; 2011. 

42. Buka SL, Shenassa ED, Niaura R. Elevated risk of tobacco dependence among offspring 
of mothers who smoked during pregnancy: a 30-year prospective study. American 
Journal of Psychiatry 2014. 

43. Branca F, Nikogosian H, Lobstein T. The challenge of obesity in the WHO European 
Region and the strategies for response: summary: World Health Organization; 2007. 

44. Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S, et al. (2012). 
Evidence-based intervention in physical activity: lessons from around the world.  
Lancet, 380, 272-281. 

45. World Health Organization. Report of the commission on ending childhood obesity-2016 
46. Alwin DF & Wray LA. A life-span developmental perspective on social status and health. 

Journals of Gerontology Series B-Psychological Sciences & Social Sciences, 
2005;60 Spec No 2, 7-14. 

47. 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. 

48. Steptoe A, Dockray S, Wardle J. Positive affect and psychobiological processes relevant 
to health. Journal of personality 2009;77(6):1747-76. 



37 
 

49. Low FM, Gluckman PD, Hanson M. A lifecourse approach to public health: Why Early 
Life Matters. 2015. 

50. Darnton-Hill I, Nishida C, James WP. A life course approach to diet, nutrition and the 
prevention of chronic diseases. Public Health Nutrition 2004;7(1A):101-21. 

51. Bavdekar A, Yajnik CS, Fall C, et al. Insulin resistance syndrome in 8-year-old Indian 
children: small at birth, big at 8 years, or both? Diabetes 1999;48(12):2422-29. 

52. Yajnik C, Deshpande S, Jackson A, et al. Vitamin B12 and folate concentrations during 
pregnancy and insulin resistance in the offspring: the Pune Maternal Nutrition Study. 
Diabetologia 2008;51(1):29-38. 

53. Godfrey KM, Sheppard A, Gluckman PD, et al. Epigenetic gene promoter methylation at 
birth is associated with child’s later adiposity. Diabetes 2011;60(5):1528-34. 

54. Barker DJ, Lampl M, Roseboom T, et al. Resource allocation in utero and health in later 
life. Placenta 2012;33 Suppl 2:e30-4. 

55. Black RE, Victora CG, Walker SP, et al. Maternal and child undernutrition and 
overweight in low-income and middle-income countries. The Lancet 
2013;382(9890):427-51. 

56. Hanson M, Gluckman P. Developmental origins of noncommunicable disease: 
population and public health implications. Am J Clin Nutr 2011;94(6 Suppl):1754S-
58S. 

57. Hanson MA, Bardsley A, De-Regil LM, et al. The International Federation of Gynecology 
and Obstetrics (FIGO) recommendations on adolescent, preconception, and 
maternal nutrition:“Think Nutrition First”. International Journal of Gynecology & 
Obstetrics 2015;131:S213. 

58. Hanson M, Bustreo F, Godfrey K, et al. Pre-conception health. In: Annual Report of the 
Chief Medical Officer - The Health of the 51% Women. 2015. 

59. Liu L, Oza S, Hogan D, et al. Global, regional, and national causes of child mortality in 
2000 - 2013, with projections to inform post-2015 priorities: an updated systematic 
analysis. The Lancet 2015;385(9966):430-40. 

60. Balsells M, García-Patterson A, Gich I & Corcoy R (2012). Major congenital 
malformations in women with gestational diabetes mellitus: a systematic review and 
meta-analysis. 

61. Garne E, Loane M, Dolk H, et al. Spectrum of congenital anomalies in pregnancies with 
pregestational diabetes. Birth Defects Research Part A: Clinical and Molecular 
Teratology 2012;94(3):134-40. 

62. Stothard KJ, Tennant PG, Bell R, et al. Maternal overweight and obesity and the risk of 
congenital anomalies: A systematic review and meta-analysis. Jama 
2009;301(6):636-50. 

63. Inskip HM, Crozier SR, Godfrey KM, et al. Women's compliance with nutrition and 
lifestyle recommendations before pregnancy: general population cohort study. BMJ 
2009;338:b481. 

64. Crozier SR, Robinson SM, Borland SE, et al. Do women change their health behaviours 
in pregnancy? Findings from the Southampton Women's Survey. Paediatric and 
perinatal epidemiology 2009;23(5):446-53. 

65. Royal College of Obstetricians and Gynaecologists. Why Should we Consider a Life 
Course Approach to Women’s Health Care? Scientific Impact Paper No. 27; 2011. 

66. Dabelea D, Hanson RL, Lindsay RS, et al. Intrauterine exposure to diabetes conveys 
risks for type 2 diabetes and obesity: a study of discordant sibships. Diabetes 
2000;49(12):2208-11. 

67. Kramer MS, McDonald SW. Aerobic exercise for women during pregnancy. The 
Cochrane Library 2006. 

68. Muktabhant B, Lawrie TA, Lumbiganon P, et al. Diet or exercise, or both, for preventing 
excessive weight gain in pregnancy. Cochrane Database Syst Rev 2015;6. 

69. Luyckx VA, Perico N, Somaschini M, et al. A developmental approach to the prevention 
of hypertension and kidney disease: a report from the Low Birth Weight and Nephron 
Number Working Group. The Lancet 2017. 



38 
 

70. Bhutta ZA, Das JK, Rizvi A, et al. Evidence-based interventions for improvement of 
maternal and child nutrition: what can be done and at what cost? Lancet 
2013;382(9890):452-77. 

71. Howard L. Perinatal mental health. In: Annual Report of the Chief Medical Officer - The 
Health of the 51% Women. 2014. 

72. De Cock KM, Fowler MG, Mercier E, et al. Prevention of mother-to-child HIV 
transmission in resource-poor countries: translating research into policy and practice. 
Jama 2000;283(9):1175-82. 

73. Potischman N, Troisi R, Vatten L. A life course approach to cancer epidemiology. In: A 
lifecourse approach to chronic disease epidemiology. Second ed. Oxford; 2004. 

74. Marmot M, Atkinson T, Bell J, Black C, Broadfoot P, Cumberlege J, et al. 2010. Fair 
society, healthy lives. The Marmot Review. 

75. Lumbiganon P, Martis R, Laopaiboon M, et al. Antenatal breastfeeding education for 
increasing breastfeeding duration. The Cochrane Library 2012. 

76. Renfrew MJ, McCormick FM, Wade A, et al. Support for healthy breastfeeding mothers 
with healthy term babies. Cochrane Database Syst Rev 2012;5(CD001141). 

77. World Health Organization, UNICEF. Baby-Friendly Hospital Initiative: Revised, updated 
and expanded for integrated care; 2009. 
http://www.who.int/nutrition/publications/infantfeeding/bfhi_trainingcourse/en/ 
(accessed 20th Novemeber 2015). 

78. Barlow J, Blair M. Life stage: Early years.  In: Our Children Deserve Better: Prevention 
Pays. Annual Report of the Chief Medical Officer 2012. 

79. Pan American Health Organization, World Health Organization. Plan of Action for the 
Prevention of Obesity in Children and Adolescents 2014. 
http://www.paho.org/jam/index.php?option=com_content&view=article&id=101:plan-
of-action-for-the-prevention-of-obesity-in-children-and-adolescents&Itemid=0. 

80. Timmons BW, Leblanc AG, Carson V, et al. Systematic review of physical activity and 
health in the early years (aged 0-4 years). Appl Physiol Nutr Metab 2012;37(4):773-
92. 

81. Sidebotham P, Fraser J, Covington T, et al. Understanding why children die in high-
income countries. The Lancet;384(9946):915-27. 

82. Kuh D, Power C, Blane D, et al. Socioeconomic pathways between childhood and adult 
health. In: A life course approach to chronic disease epidemiology. Second ed: 
Oxford University Press; 2004. 

83. British Medical Association. Growing up in the UK: ensuring a healthy future for our 
children; 2013. 

84. Davis MM, Gance-Cleveland B, Hassink S, et al. Recommendations for prevention of 
childhood obesity. Pediatrics 2007;120(Supplement 4):S229-S53. 

85. World Bank. World development report: Development and the next generation. 
Washington DC: World Bank.; 2007. 

86. Ezzati M, Lopez AD, Rodgers A, et al. Selected major risk factors and global and 
regional burden of disease. The Lancet 2002;360(9343):1347-60. 

87. Santos Silva Id. Time trends in cancer incidence and mortality. In: A life course approach 
to chronic disease epidemiology. Second ed: Oxford University Press; 2004. 

88. Kuh D, Karunananthan S, Bergman H, et al. A life-course approach to healthy ageing: 
maintaining physical capability. Proceedings of the Nutrition Society 2014;73(2):237-
48. 

89. Sayer AA, Cooper C. A life course approach to biological ageing.  In: A Life Course 
Approach to Chronic Disease Epidemiology: Oxford University Press; 2004. 

90. Baird J, Kurshid MA, Kim M, et al. Does birthweight predict bone mass in adulthood? A 
systematic review and meta-analysis. Osteoporos Int 2011;22(5):1323-34. 

91. Gluckman PD, Hanson MA, Beedle AS. Early life events and their consequences for 
later disease: a life history and evolutionary perspective. American Journal of Human 
Biology 2007;19(1):1-19. 



39 
 

92. Marengoni A, Angleman S, Melis R, et al. Aging with multimorbidity: A systematic review 
of the literature. Ageing Research Reviews 2011;10(4):430-39. 

93. World Health Organization. Health for the World's adolescents. A second chance in the 
second decade: Summary; 2014. http://apps.who.int/adolescent/second-decade/ 
(accessed 4th December 2015). 

94. Sawyer SM, Afifi RA, Bearinger LH, et al. Adolescence: a foundation for future health. 
The Lancet 2012;379(9826):1630-40. 

95. Viner RM, Ross D, Hardy R, et al. Life course epidemiology: recognising the importance 
of adolescence. Journal of epidemiology and community health 2015:jech-2014-
205300. 

96. World Health Organization. Preconception care: Maximizing the gains for maternal and 
child health; 2013. 
http://www.who.int/maternal_child_adolescent/documents/preconception_care_policy
_brief.pdf. 

97. Patton GC, Viner R. Pubertal transitions in health. The Lancet 2007;369(9567):1130-39. 
98. Christie D, Viner R. Adolescent development. BMJ : British Medical Journal 

2005;330(7486):301-04. 
99. Marteau TM, Hall PA. Breadlines, brains, and behaviour. BMJ 2013;347. 
100. Blakemore S-J, Burnett S, Dahl RE. The Role of Puberty in the Developing Adolescent 

Brain. Human Brain Mapping 2010;31(6):926-33. 
101. Romer D. Adolescent Risk Taking, Impulsivity, and Brain Development: Implications for 

Prevention. Developmental psychobiology 2010;52(3):263-76. 
102. Viner R. Life stage: Adolescence.  In: Our Children Deserve Better: Prevention Pays. 

Annual Report of the Chief Medical Officer 2012. 
103. Leffert N, Benson PL, Scales PC, et al. Developmental assets: Measurement and 

prediction of risk behaviors among adolescents. Applied Developmental Science 
1998;2(4):209-30. 

104. World Health Organization Regional Office for Europe. Health at key stages of life - the 
life-course approach to public health; 2011. 
http://www.euro.who.int/__data/assets/pdf_file/0019/140671/CorpBrochure_lifecours
e_approach.pdf (accessed 12th December 2015). 

105. Viner RM, Ozer EM, Denny S, et al. Adolescence and the social determinants of health. 
The Lancet 2012;379(9826):1641-52. 

106. Lillycrop KA, Burdge GC. Epigenetic changes in early life and future risk of obesity. Int J 
Obes (Lond) 2011;35(1):72-83. 

107. Whitson HE, Duan-Porter WD, Schmader KE, et al. Physical Resilience in Older Adults: 
Systematic Review and Development of an Emerging Construct. The Journals of 
Gerontology Series A: Biological Sciences and Medical Sciences 2015:glv202. 

108. Alberga AS, Sigal R J, Goldfield G, Prud'homme D & Kenny GP (2012). Overweight 
and obese teenagers: why is adolescence a critical period? Pediatric Obesity, 7, 261-
73. 

109. Viner RM, Coffey C, Mathers C, et al. 50-year mortality trends in children and young 
people: a study of 50 low-income, middle-income, and high-income countries. The 
Lancet 2011;377(9772):1162-74. 

110. Gore FM, Bloem PJN, Patton GC, et al. Global burden of disease in young people aged 
10–24 years: a systematic analysis. The Lancet 2011;377(9783):2093-102. 

111. Patton GC, Coffey C, Sawyer SM, Viner RM, Haller DM, Bose K, et al. (2009). Global 
patterns of mortality in young people: a systematic analysis of population health data. 
Lancet, 374, 881-892. 

112. UNICEF. Progress for Children. A report card on adolescents. 2012. 
113. Nove A, Matthews Z, Neal S, et al. Maternal mortality in adolescents compared with 

women of other ages: evidence from 144 countries. The Lancet Global Health 
2014;2(3):e155-e64. 



40 
 

114. Diogenes ME, Bezerra FF, Rezende EP, et al. Effect of calcium plus vitamin D 
supplementation during pregnancy in Brazilian adolescent mothers: a randomized, 
placebo-controlled trial. Am J Clin Nutr 2013;98(1):82-91. 

115. Mishra GD, Cooper R, Kuh D. A life course approach to reproductive health: Theory 
and methods. Maturitas 2010;65(2):92-97. 

116. Cooper C, Javaid K, Westlake S, et al. Developmental origins of osteoporotic fracture: 
the role of maternal vitamin D insufficiency. The Journal of nutrition 
2005;135(11):2728S-34S. 

117. World Health Organisation. Set of recommendations on the marketing of foods and 
non-alcoholic beverages to children. 
http://www.who.int/dietphysicalactivity/publications/recsmarketing/en/. 

118. Power C, Lake JK, Cole TJ. Body mass index and height from childhood to adulthood in 
the 1958 British born cohort. Am J Clin Nutr 1997;66(5):1094-101. 

119. Hardy R, Kuh D, Whincup PH, et al. Age at puberty and adult blood pressure and body 
size in a British birth cohort study. Journal of hypertension 2006;24(1):59-66. 

120. Must A, Jacques PF, Dallal GE, et al. Long-term morbidity and mortality of overweight 
adolescents: a follow-up of the Harvard Growth Study of 1922 to 1935. New England 
Journal of Medicine 1992;327(19):1350-55. 

121. Maimaris W, McCambridge J. Age of first drinking and adult alcohol problems: 
systematic review of prospective cohort studies. Journal of epidemiology and 
community health 2013:jech-2013-203402. 

122. Patel V, Flisher AJ, Hetrick S, et al. Mental health of young people: a global public-
health challenge. The Lancet 2007;369(9569):1302-13. 

123. Fergus S, Zimmerman MA. Adolescent resilience: A framework for understanding 
healthy development in the face of risk. Annu. Rev. Public Health 2005;26:399-419. 

124. Bearinger LH, Sieving RE, Ferguson J, et al. Global perspectives on the sexual and 
reproductive health of adolescents: patterns, prevention, and potential. The Lancet 
2007;369(9568):1220-31. 

125. Oringanje C, Meremikwu MM, Eko H, et al. Interventions for preventing unintended 
pregnancies among adolescents. Cochrane Database of Systematic Reviews 
2009;4. 

126. Denno DM, Hoopes AJ, Chandra-Mouli V. Effective strategies to provide adolescent 
sexual and reproductive health services and to increase demand and community 
support. J Adolesc Health 2015;56(1 Suppl):S22-41. 

127. Chandra-Mouli V, McCarraher D, Phillips S, et al. Contraception for adolescents in low 
and middle income countries: needs, barriers, and access. Reproductive Health 
2014;11(1):1. 

128. Dean SV, Imam AM, Lassi ZS, et al. Importance of intervening in the preconception 
period to impact pregnancy outcomes. Nestle Nutrition Institute Workshop Series 
2013;74:63-73. 

129. Christiansen CS, Gibbs S, Chandra-Mouli V. Preventing early pregnancy and 
pregnancy-related mortality and morbidity in adolescents in developing countries: the 
place of interventions in the prepregnancy period. Journal of Pregnancy 
2013;2013:257546. 

130. Godfrey KM, Gluckman PD, Hanson MA. Developmental origins of metabolic disease: 
life course and intergenerational perspectives. Trends in Endocrinology & 
Metabolism 2010;21(4):199-205. 

131. Branca F, Piwoz E, Schultink W, et al. Nutrition and health in women, children, and 
adolescent girls. BMJ 2015;351. 

132. Genome-wide association study of 14,000 cases of seven common diseases and 3,000 
shared controls. Nature 2007;447(7145):661-78. 

133. Bonomo YA, Bowes G, Coffey C, et al. Teenage drinking and the onset of alcohol 
dependence: a cohort study over seven years. Addiction 2004;99(12):1520-28. 

134. Patton G, Selzer R, Coffey C, et al. Onset of adolescent eating disorders: population 
based cohort study over 3 years. BMJ 1999;318(7186):765-68. 



41 
 

135. Patton GC, Coffey C, Carlin JB, et al. Cannabis use and mental health in young people: 
cohort study. BMJ 2002;325(7374):1195-98. 

136. Dobbins M, Husson H, DeCorby K, et al. School-based physical activity programs for 
promoting physical activity and fitness in children and adolescents aged 6 to 18. 
Cochrane Database Syst Rev 2013;2. 

137. Lau PW, Lau EY, Wong DP, et al. A systematic review of information and 
communication technology–based interventions for promoting physical activity 
behavior change in children and adolescents. Journal of medical Internet research 
2011;13(3). 

138. Woods-Townsend K, Bagust L, Barker M, et al. Engaging teenagers in improving their 
health behaviours and increasing their interest in science (Evaluation of LifeLab 
Southampton): study protocol for a cluster randomized controlled trial. Trials 
2015;16(1):372. 

139. Draper CE, Micklesfield LK, Kahn K, et al. Application of Intervention Mapping to 
develop a community-based health promotion pre-pregnancy intervention for 
adolescent girls in rural South Africa: Project Ntshembo (Hope). BMC Public Health 
2014;14(Suppl 2):S5. 

140. Boreham C, Twisk J, van Mechelen W, et al. Relationships between the development of 
biological risk factors for coronary heart disease and lifestyle parameters during 
adolescence: The Northern Ireland Young Hearts Project. Public Health 
1999;113(1):7-12. 

141. Barry MM, Clarke AM, Jenkins R, et al. A systematic review of the effectiveness of 
mental health promotion interventions for young people in low and middle income 
countries. BMC Public Health 2013;13:835-35. 

142. Toumbourou JW, Stockwell T, Neighbors C, et al. Interventions to reduce harm 
associated with adolescent substance use. The Lancet 2007;369(9570):1391-401. 

143. World Health Organisation. Introduction to Global Accelerated Action for the Health of 
Adolescents (AA-HA!):Guidance to Support Country Implementation; 2017. 
http://www.who.int/maternal_child_adolescent/topics/adolescence/framework-
accelerated-action/bustreo-comment/en/. 

 

 


