
CURRENT DEBATE

Understanding and acting on the developmental origins of health and disease
in Africa would improve health across generations
Shane A. Norris a,b, Abdallah Daara,c, Dorairajan Balasubramaniana,d, Peter Byassa,e, Elizabeth Kimani-
Muragea,f, Andrew Macnaba,g, Christoff Pauwa, Atul Singhala,h, Chittaranjan Yajnika,i, James Akazilij,
Naomi Levittk, Jihene Maatougl, Nolwazi Mkhwanazim, Sophie E. Mooren, Moffat Nyirenda o,
Juliet R. C. Pulliam p, Tamsen Rochatb,q, Rihlat Said-Mohamedb, Soraya Seedatr, Eugene Sobngwi s,
Mark Tomlinson t, Elona Toskau and Cari van Schalkwyk p

aStellenbosch Institute for Advanced Study (STIAS), Wallenberg Research Centre at Stellenbosch University, Stellenbosch, South Africa;
bMRC/Wits Developmental Pathways for Health Research Unit, Department of Paediatrics, Faculty of Health Sciences, University of the
Witwatersrand, Johannesburg, South Africa; cDalla Lana School of Public Health and Department of Surgery, University of Toronto,
Toronto, Canada; dL V Prasad Eye Institute, Hyderabad, India; eDepartment of Public Health and Clinical Medicine, Umeå University,
Umea, Sweden; fAfrican Population and Health Research Center, Kenya; gDepartment of Pediatrics, University of British Columbia,
Vancouver, Canada; hInstitute of Child Health, University College London, London, UK; iKing Edward Memorial Hospital Research Centre,
Pune, India; jINDEPTH Network, Ghana; kDepartment of Diabetic Medicine and Endocrinology, University of Cape Town, Cape Town,
South Africa; lDepartment of Epidemiology, Hospital Farhat Hached, Sousse, Tunisia; mDepartment of Anthropology, University of the
Witwatersrand, Johannesburg, South Africa; nDivision of Women’s Health, King’s College London, London, UK; oCollege of Medicine,
University of Malawi, Zomba, Malawi; pDST-NRF Centre of Excellence in Epidemiological Modelling and Analysis (SACEMA), University of
Stellenbosch, Stellenbosch, South Africa; qHuman and Social Development Research Programme, Human Sciences Research Council,
Durban, South Africa; rDepartment of Psychiatry, Stellenbosch University, Stellenbosch, South Africa; sDepartment of Applied
Epidemiology, University of Yaoundé, Yaounde, Cameroon; tDepartment of Psychology, Stellenbosch University, Stellenbosch,
South Africa; uDepartment of Social Policy and Intervention, University of Oxford, Oxford, UK

ABSTRACT
Data from many high- and low- or middle-income countries have linked exposures during key
developmental periods (in particular pregnancy and infancy) to later health and disease.
Africa faces substantial challenges with persisting infectious disease and now burgeoning
non-communicable disease.This paper opens the debate to the value of strengthening the
developmental origins of health and disease (DOHaD) research focus in Africa to tackle critical
public health challenges across the life-course. We argue that the application of DOHaD
science in Africa to advance life-course prevention programmes can aid the achievement of
the Sustainable Development Goals, and assist in improving health across generations. To
increase DOHaD research and its application in Africa, we need to mobilise multisectoral
partners, utilise existing data and expertise on the continent, and foster a new generation of
young African scientists engrossed in DOHaD.
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Developmental origins of health and disease (DOHaD)
has become a globally recognised concept (see the
DOHaD Cape Town manifesto) [1]. DOHaD is a
multi-disciplinary field, exploring how environmental
factors acting during early life (in particular the period
of pregnancy and infancy) interact to change individual
trajectories that may increase risk for health conditions
in later life. The scientific evidence of DOHaD overwhel-
mingly demonstrates that the environment in which the
embryo, fetus and child grows and develops influences
both short-term (stunting risk; cognitive function) and
longer-term health and wellbeing (non-communicable
diseases [NCDs]; human capital) [2]. Consequently, the
first 1000 days (from conception to second birthday) are
critically important, but there is recognition that the pre-
conception period and later years also matter. DOHaD
science mandates a life-course approach, recognising
that different needs emerge at various stages in life

(such as pregnancy, infancy, childhood, adolescence
and parenthood) [3], which form an intergenerational
cycle (Figure 1). Investing in early-life interventions
could effectively promote healthier trajectories lifelong
and across generations.

Africa has persisting burdens of malnutrition and
infectious diseases (particularly HIV, TB and malaria).
However, Africa now also faces a growingNCD encum-
brance. Already by 2010, over two million deaths in
Sub-Saharan Africa were due to NCDs and this was a
46% increase from 1990 [4]. In terms of DOHaD
science, the combination of early life malnutrition
(under-nutrition) coupled with excess weight gain in
childhood, adolescence and adulthood accelerate
increases in NCDs, particularly type-2 diabetes [5].
This epidemiological transition in Africa (increasing
incidence of cardio-metabolic disease against a back-
drop of maternal and child malnutrition such as
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anaemia and stunting), which is at varying stages of
transition across the African continent [6], will be detri-
mental not only in health terms, but also for economic
development due to escalating productivity losses and
health care costs [7]. Shifting our attention to preven-
tion would equate to millions of deaths averted and
economic losses reduced [8]. DOHaD provides impor-
tant insights for such a shift to prevention of NCDs in
Africa and is closely aligned with many of the targets
enshrined within the United Nations’ Sustainable
Development Goals [9]. For example, ensuring gender
equity will empower mothers to make better decisions
for themselves and their children.

The recent Lancet Series on Early Childhood
Development underscores the importance of ‘nurturing
care’ and multi-sectoral health interventions in early
childhood can bring extensive benefit to families and
young children [10]. A number of evidence-based, cost-
effective opportunities to improve maternal and infant
health have been documented [11]. Some strategies for
consideration include: optimising maternal and infant
nutrition (nutrient supplementation), reducing foetal
exposure to toxins (such as smoking and alcohol) and
tackling antenatal and postnatal maternal mental health
conditions (such as depression and anxiety). We believe
that if these are applied systematically as part of national
health strategies they will reduce the incidence and
adverse effects of NCDs (obesity, type-2 diabetes,
hypertension, coronary heart disease, chronic kidney
disease, musculoskeletal disorders, some mental health
conditions and a range of cancers) and improve human
capital. A key question is how these proposed interven-
tions could be successfully and sustainably implemen-
ted in Africa. Africa has had public health

implementation success stories, for example: (1)
Zambia’s Malaria Booster Project reduced malaria-
linked cases and mortality by 31% and 37% respectively
between 2006 and 2008; (2) HIV prevention efforts in
many African countries resulted in observed behaviour
change in young men and women and an increased use
of condoms; and (3) The Southern Africa initiative has
almost eliminated childhood mortality from measles in
several African countries through effective vaccination
campaigns (http://blogs.worldbank.org/africacan/afri
can-successes-listing-the-success-stories). Learning
from these, and other examples, could provide insight
into how to implement NCD prevention interventions
across the life-course; however, more research is still
needed to add to the local evidence base. Science fun-
ders and institutions, like the African Academy of
Sciences, could play a significant role in highlighting
the gaps and supporting African scientists.

To further advance the successful implementation of
DOHaD science, there is also a need for political vision,
commitment and leadership at the highest level to
encourage national dialogue within the African context.
Multi-national efforts that may draw on the African
Union could be particularly effective in facilitating dia-
logue and supporting scientific efforts. It is crucial that
concerned players from all sectors come together to
design and implement programmes aimed at improv-
ing current and future health through prevention.

Africa lacks a critical mass of scientists and research-
ers in many fields, and DOHaD is no exception. There is
a need to attract and mentor young investigators to
ensure that the future research necessary to advance
DOHaD-related science can call on the necessary
human resources. Also, the DOHaD field needs to

pre-
conception 

fetal growth 

birth  

first two 
years 

later 
childhood 

adolescence  

parenthood 

toxic exposures to 
eggs and sperm 

poor nutrition 
during pregnancy 

traumas to mother 
and baby; low or 
high birth weight 

early incidence of 
non-communicable 

diseases 

stresses of transition 
to adulthood 

compromised 
development or 

weight gain 

stunting 

support exclusive 
breastfeeding, 

healthy 
complementary 

feeding and 
parenting 

reduce smoking and 
substance abuse; promote 

maternal mental health;  
reduce gestational diabetes 

support optimal 
pregnancy timing, 

healthy weight, 
micronutrients and 

physical activity 

promote healthy weight gain and 
early childhood development 

promote school 
attendance and  
health literacy 

Figure 1. The DOHaD intergenerational cycle, annotated with examples of relevant stresses and exposures and indicating
(in italic text boxes) examples of recommended interventions.
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inform and engage with the existing very high quality
scientists on the continent whose research may be rele-
vant. The DOHaD paradigm has only been explored in a
few African countries, possibly due to limited longitudi-
nal data from birth to adulthood [12]. This situation
cannot be remedied in the short term, but there may be
indirect methods that could be used on existing data (for
example, data from African demographic surveillance
sites that are part of the INDEPTH network; www.
indepth-network.org), to assess the likely extent of
DOHaD effects in African populations.

Africa is heterogeneous, so context matters. There
are not only distinct differences between African coun-
tries, but often, within a country there are regional
cultural differences. Therefore, health policies, includ-
ing those to address DOHaD, should take this into
account. For example, while prevention of stunting
and promotion of linear growth clearly has long-term
benefits for health and human capital [13], faster weight
gain in infancy is also associated with a greater risk of
obesity and hence NCDs [14]. Therefore, for one popu-
lation the intervention may be more centred on pro-
moting infant linear growth with less concern around
faster weight gain, while in another population and
context minimising excessive infant weight gain may
be more relevant to offset risk in later life [15]. Also, as
the levers to foster healthy nutritional practices and
patterns of growth in infancy may vary due to cultural
practices and context, more multi-site studies that take
into account population and cultural variation within
and between African countries could be particularly
helpful to elucidate pathways to impact [16,17].

Africa’s mothers, fathers and families need to be
empowered as critical agents for change in setting up
healthier trajectories for their children (with knowledge
from pre-conception, support during pregnancy, breast-
feeding and child nutrition). This can only be achieved
through a process of broad societal engagement, adopt-
ing DOHaD-informed practices as feasible, positive and
lifelong options. Africa’s youth are the next generation of
parents and are still able to modify their individual NCD
trajectories. DOHaD-informed knowledge and health
practices need to be integrated into school curricula
and other youth-oriented arenas, using compelling mes-
saging and novel means of engagement [18].

In conclusion, DOHaD principles in Africa need to
move forward in a joint evidential and implementation-
focused programme. The knowledge base for implemen-
tation is by no means complete but waiting to gather
further intergenerational evidence is not an option as the
potential risks to health and human capital are too high.
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Paper context

Africa faces multiple burdens (infectious and non-communic-
able diseases). From substantial evidence linking maternal and
nutrition exposures that occur during pregnancy and infancy
to adult health and disease, we propose a life-course frame-
work to guide research and public health programmes in
Africa to optimise health. The implementation of this frame-
work could see African researchers contributing more to the
field of developmental origins of health and disease, as well as
offsetting such intergenerational challenges as stunting.

ORCID

Shane A. Norris http://orcid.org/0000-0001-7124-3788
Moffat Nyirenda http://orcid.org/0000-0003-2120-4806
Juliet R. C. Pulliam http://orcid.org/0000-0003-3314-
8223
Eugene Sobngwi http://orcid.org/0000-0001-5457-6572
Mark Tomlinson http://orcid.org/0000-0001-5846-3444
Cari van Schalkwyk http://orcid.org/0000-0001-5154-
1390

References

[1] International Society for Developmental Origins of
Health and Disease. 2015. The Cape Town manifesto –
November 2015. Cape Town: International Society for
Developmental Origins of Health and Disease. [cited
2016 Sep 26]. Available from: https://dohadsoc.org/wp-
content/uploads/2015/11/DOHaD-Society-Manifesto-
Nov-17-2015.pdf

[2] Heindel JJ, Balbus J, Birnbaum L, et al.
Developmental origins of health and disease:

GLOBAL HEALTH ACTION 3

http://www.indepth-network.org
http://www.indepth-network.org
https://dohadsoc.org/wp-content/uploads/2015/11/DOHaD-Society-Manifesto-Nov-17-2015.pdf
https://dohadsoc.org/wp-content/uploads/2015/11/DOHaD-Society-Manifesto-Nov-17-2015.pdf
https://dohadsoc.org/wp-content/uploads/2015/11/DOHaD-Society-Manifesto-Nov-17-2015.pdf


integrating environmental influences. Endocrinology.
2015;156:3416–3421.

[3] Ferraro AA, Fernandes MTB, Vieira SE. New challenges
beyond nutrition: c-section, air pollution and domestic
violence. J Dev Orig Health Dis. 2016;7:253–256.

[4] Naghavi M, Forouzanfar MH. Burden of non-commu-
nicable diseases in sub-Saharan Africa in 1990 and
2010: global burden of diseases, injuries, and risk
factors study 2010. Lancet. 2013;381:S95.

[5] Moore SE. Early life nutritional programming of
health and disease in The Gambia. J Dev Orig
Health Dis. 2016;7:123–131.

[6] Santosa A, Byass P. Diverse empirical evidence on
epidemiological transition in low- and middle-income
countries: population-based findings from INDEPTH
network data. PLoS One. 2016;11:e0155753.

[7] Chaker L, Falla A, van der Lee SJ, et al. The global
impact of non-communicable diseases on macro-eco-
nomic productivity: a systematic review. Eur J
Epidemiol. 2015;30:357–395.

[8] Bloom DE, Cafiero ET, Jané-Llopis E, et al. The global
economic burden of noncommunicable diseases.
Geneva: World Economic Forum; 2011.

[9] United Nations. 2015. Transforming our world: the
2020 agenda for sustainable development. New York
(NY): United Nations. [cited 2016 Sep 26]. Available
from: https://sustainabledevelopment.un.org/content/
documents/212520302Agenda for Sustainable
Development web.pdf

[10] Britto PR, Lye SJ, Proulx K, et al.; Early Childhood
Development Interventions Review Group, for the

Lancet Early Childhood Development Series
Steering Committee. Nurturing care: promoting
early childhood development. Lancet. 2016;S0140-
6736:31390–31393.

[11] Uauy R, Kain J, Corvalan C. How can the Developmental
Origins of Health and Disease (DOHaD) hypothesis con-
tribute to improving health in developing countries? Am J
Clin Nutr. 2011;94:1759S–1764S.

[12] Byass P. The unequal world of health data. PLoS Med.
2009;6:e1000155.

[13] Adair LS, Fall CH, Osmond C, et al. Associations of
linear growth and relative weight gain during early life
with adult health and human capital in countries of
low and middle income: findings from five birth
cohort studies. Lancet. 2013;382:525–534.

[14] Cameron N, Pettifor J, De Wet T, et al. The relationship
of rapid weight gain in infancy to obesity and skeletal
maturity in childhood. Obes Res. 2003;11:457–460.

[15] Jain V, Singhal A. Catch up growth in low birth
weight infants: striking a healthy balance. Rev
Endocr Metab Disord. 2012;13:141–147.

[16] Victora CG, Bahl R, Barros AJ, et al. Breastfeeding in
the 21st century: epidemiology, mechanisms, and life-
long effect. Lancet. 2016;387:475–490.

[17] Black RE, Victora CG, Walker SP, et al. Maternal
and child undernutrition and overweight in low-
income and middle-income countries. Lancet.
2013;382:427–451.

[18] Macnab AJ, Gagnon F, Stewart D. Health promoting
schools: consensus, strategies, and potential. Health
Educ. 2014;114:170–185.

4 S. A. NORRIS ET AL.

https://sustainabledevelopment.un.org/content/documents/212520302Agenda%A0for%A0Sustainable%A0Development%A0web.pdf
https://sustainabledevelopment.un.org/content/documents/212520302Agenda%A0for%A0Sustainable%A0Development%A0web.pdf
https://sustainabledevelopment.un.org/content/documents/212520302Agenda%A0for%A0Sustainable%A0Development%A0web.pdf

	Abstract
	Disclosure statement
	Acknowledgement
	Author contributions
	Ethics and consent
	Funding
	Paper context
	References



