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Introduction
This technical background paper is a companion 
piece to our report that reviews the latest evidence 
and guidelines for preconception nutrition for 
women and adolescent girls in undernourished 
contexts and offers our recommendations for what 
is needed next1. This paper provides a more detailed 
exploration of the complex concepts and processes 
underpinning preconception nutrition for those 
readers who would like more technical background 
to the topic. 

In this paper, we begin with an overview of the 
biological processes involved in the preconception 
period followed by an introduction to the concept 
of the developmental origins of health and disease, 
with a focus on the evidence that explains why 
nutrition before conception is so critical. We then 
examine the role of nutrition in one-carbon 
metabolism – a network of interconnected metabolic 
pathways – and its importance in epigenetic 
processes. Finally, we consider the implications of 
these concepts, along with the existing evidence, 
for intergenerational health outcomes.
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A biological definition of preconception
While in our accompanying report we focused on 
a pragmatic definition of preconception nutrition – 
the nutritional status and dietary intake of women 
and adolescent girls before pregnancy – there are also 
some widely accepted definitions of preconception 
that focus on the biological processes and timescales. 
The ‘periconceptional period’ spans the three months 
prior to conception and the first 10 weeks after 

conception (see Box 1 for definitions). This period is 
an extremely active time when reproductive cells 
(gametes) develop, fertilisation occurs, genetic 
instructions are set, and cells become specialised 
into their different roles (cellular differentiation). 
Different factors can influence how well these 
biological functions work, including the nutritional 
status of women who go on to conceive. 

Box 1: The main phases of reproductive development

Figure 1 shows the main phases of reproductive development covered by the periconceptional period. In 
men, the process of producing sperm cells (spermatogenesis and spermiogenesis) occurs in the testes 
and lasts approximately 10 weeks. In women, the immature egg cell (primordial ovarian follicle) starts 
growing about 26 weeks before it matures into an egg (ovum) and is released from the ovary into the 
fallopian tube (ovulation) where it can be fertilised by a sperm cell at conception (week 0 on Figure 1). 
Significant growth of the ovarian follicle happens around 14 weeks before ovulation. At about 5-6 days 
after fertilisation, the cells form a blastocyst, which is a bundle of cells that goes on to form the placenta 
and the embryo. The blastocyst attaches to the uterus wall (implantation) with implantation completing 
in the second week and the formation of the placenta (placentation) continuing for several weeks. In 
the third week, the embryo organises itself into three germ layers (gastrulation) which go on to start 
the development of the major organ systems between weeks 4 and 10. By week 10, the neural tube (the 
structure that goes on to form the brain and spinal cord) forms and all the major organs start to develop.

Figure 1. The periconceptional period

Source: Steegers-Theunissen R et al.2. Reproduced with permission from Steegers-Theunissen R et al. The periconceptional 
period, reproduction and long-term health of offspring: the importance of one-carbon metabolism. Human Reproduction 
Update. 2013;19(6):640–655.
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low birthweight and adult-onset chronic disease 
including type-II diabetes, hypertension, and 
hyperlipidaemia4. Similar patterns were observed in 
separate cohorts such as the Nurses’ Health Study I 
and II in the USA16 and another cohort in Helsinki17.

Birthweight can provide researchers with a useful 
approximation of the environment in the uterus, 
but on its own does not tell us what the exact 
constraints were nor when these constraints were 
experienced. Subsequent studies have helped to 
narrow down the timing of the adverse exposure 
with famine studies proving particularly useful.

Famine and seasonality studies

Towards the end of World War II, the western 
Netherlands was under German control. Between 
November 1944 and May 1945, there was a shortage 
of food caused by Nazi blockades and a severe 
winter, resulting in the famine termed the ‘Dutch 
Hunger Winter’, which affected 4.5 million people. 
Calorie intake was drastically reduced, varying by 
region between a daily intake of only 500-1000 
kcal, and an estimated 20,000 people died18. 
Researchers discovered an association between 
women experiencing the famine during pregnancy 
and a variety of adverse outcomes in their children, 
ranging from lower birthweight19 to increased adult 
blood pressure5,6, obesity7 and risk of schizophrenia8.

It also appears that the specific timepoint at which 
women experienced the famine in their pregnancy 
made a difference. For example, men whose 
mothers experienced the famine in mid-gestation 
had twice the prevalence of obesity at age 18-19 
years, whereas if their mothers experienced the 
famine in the third trimester the risk of obesity was 
decreased7. Similar observations have been found 
in China’s Great Leap Forward Famine, the most 
severe period of which was 1959-61. For example, 
experiencing this famine in utero was associated 
with twice the risk of schizophrenia and increased 
hyperglycaemia later in life20,21.

Studies have also considered the season of a 
child’s birth to investigate similar hypotheses since 
contrasting seasons often capture differences in 
environmental exposures, including nutrition. See 
Box 2 for details on research from The Gambia in 
West Africa illustrating the concept.

Developmental origins of health and disease
The Developmental Origins of Health and Disease 
(DOHaD) hypothesis describes the association 
between certain environmental exposures 
experienced very early in life (particularly during the 
periods of pregnancy and the first two years of life 
– the first 1,000 days) and an increased risk of poor 
health outcomes later in life. You may have heard 
the phrases, ‘what happens in the womb lasts a 
lifetime’ or ‘you are what your mother ate’. There 
is a wealth of literature that has built on the early 
DOHaD literature, originally drawn from the work 
of David Barker3,4 and studies on the Dutch Hunger 
Winter5-8 (see below). In summary, this literature 
showed associations between small size at birth 
and chronic disease risk in adulthood and old age, 
and that exposure to famine during different stages 
of pregnancy is associated with a greater risk of 
chronic disease many years later.

The literature base now encompasses research 
from a wide range of contexts, exposures, outcomes 
and potential mediating pathways. Decades’ worth 
of research has described how adverse exposures, 
including suboptimal nutrition, during critical periods 
of foetal and infant development are associated 
with altered growth and development. It has been 
hypothesised that this may occur via changes to 
gene expression and the permanent restructuring 
of the body’s tissues that influence metabolic 
function, and which have long-term consequences 
(e.g., increased risk of chronic disease in later life). 
There are several studies that have examined the 
influence of maternal nutrition in the preconception 
period and the potential impact on infant health 
and beyond9-14. Furthermore, much of the literature 
explores the hypothesis that effects in later life will 
be exacerbated if there is a ‘mismatch’ between the 
early life environment (e.g., experiencing a high 
degree of undernutrition in the womb and infancy) 
and later life environment (e.g., then experiencing 
nutritional excess in childhood and/or adulthood)15. 

The Barker Hypothesis

The DOHaD hypothesis was formed from the 
analysis of data from several cohorts, starting with 
David Barker’s formative research which followed 
more than 16,000 people born in Hertfordshire in 
the UK between 1911 and 1930. He found that lower 
birthweight was associated with higher blood 
pressure at age 10, with an even stronger association 
at age 363. Further observations in this cohort 
quickly followed, including associations between 
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These famine and seasonality studies provide us 
with fascinating evidence that the environmental 
exposures (or ‘insults’) experienced early in life 
may be associated with later adverse health 
outcomes. Although it is likely that these insults 
are nutrition-related, these studies alone cannot 
provide us with definitive evidence about whether 

Box 2: Seasonality research in The Gambia

The Gambia experiences two distinct seasons. There is a rainy season from July to October, which is the 
main planting season with increased energy expenditure associated with agricultural work, and an 
increased incidence of malarial and diarrhoeal diseases. Food stores from the harvest period run low in 
this season, hence it is also referred to as the ‘hungry’ season. The cooler dry season covers the other 
months with harvesting occurring particularly in February to April, leading to improved food security22,23. 
Despite overall household food stores being in a better state in the dry season, it is the rainy season that 
is associated with women having an improved (higher) micronutrient status of folate and B vitamins24, 
possibly due to the increased availability of green leaves during the rains or the scarcity of staples forcing 
people to increase food diversity (e.g., through seeking bush foods). The season a child is born into has an 
intriguing and yet still unexplained impact. Children born in the rainy season are six times more likely to 
die between age 15-65 years than those born in the dry season, yet mortality risks prior to puberty remain 
equal23,25. Furthermore, there is no difference in the clinical diagnosis of premature death between the 
seasons of birth, with most deaths being infection-related, leading researchers to believe the mortality 
risks are programmed early on in life26. The exact mechanisms remain unexplained – for example, further 
research investigated whether the season of birth influences immune function. Although there is a 
seasonal variation in the size of the thymus in infancy27, whether this makes enough difference to affect 
immunity in childhood and then on into later life remains in question28. Further research has looked at 
the season of conception, rather than the season of birth. Researchers have found that women’s nutrition 
status in metabolites related to one-carbon metabolism (e.g., folate and B vitamins, see Box 3) differs 
between the rainy and dry seasons, and that these nutritional differences at the time of conception are 
associated with patterns of DNA methylation (see Box 4) in the infants14,24,29. The genes implicated in these 
DNA methylation changes are related to the pathways relevant for immune function30 and obesity31.

it is nutrition status playing a causal role. Even if this 
is so, the studies do not specifically tell us whether 
the impact is from depleted energy, reduced 
micronutrient intake, or a combination. Indeed, 
there may be other exposures related to famine 
and seasonality that could also explain some of the 
associations seen, for example, maternal stress.
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As evidence builds, it will be necessary to explore 
how these multiple exposures during the 
periconceptional period work together to influence 
infant development, and to define the potential 
consequences more clearly for human health 
across the life course.

An overview of one-carbon metabolism 

One-carbon metabolism is a central component 
as to why nutrition at preconception plays such 
an integral role within the DOHaD literature. One-
carbon units are small molecules that have a single 
carbon atom bonded to various other elements. 
For example, a methyl group has one carbon 
atom bonded to three hydrogen atoms (CH3). 
One-carbon metabolism refers to the complex set 
of interlinking metabolic pathways where these 
one-carbon units are formed, transferred and 
recycled. The metabolic pathways involved in one-
carbon metabolism are at the intersection of how 
we metabolise folate, the amino acid methionine, 
the intermediary amino acid homocysteine, as 
well as how we convert homocysteine into the 
amino acid cysteine (transsulfuration) and transfer 
methyl groups from one molecule to another 
(transmethylation). Nutrients are essential for one-
carbon metabolic pathways to function correctly. 
Direct nutrient inputs to the system (‘substrates’) 
include folate, choline, betaine and methionine, all 
of which we can obtain from dietary sources. To 
enable the metabolic reactions to occur, certain 
nutrients are also involved as ‘cofactors’, which 
help various enzymes to play their role in chemical 
reactions. These cofactors include vitamins B6, B12 
and B2. Jointly, the metabolic pathways that make 
up one-carbon metabolism are responsible for the 
production of essential molecules such as DNA, 
RNA, phospholipids, proteins, and antioxidants, 
amongst many others. The transmethylation 
reactions supported by one-carbon metabolism 
are critical for chemical signalling (central to how 
cells communicate with each other), epigenetic 
mechanisms (further details below), and DNA 
transcription and translation where sections of DNA 
strands are copied into messenger RNA and then 
used to build proteins. One-carbon metabolism 
therefore plays an essential role within multiple 
critical components of foetal development. See 
Box 3 and Figure 2 for more details of one-carbon 
metabolism, and we also refer readers to an 
excellent review by Steegers-Theunissen et al.2.

Potential mechanisms at work
There are several potential mechanisms involved 
that may connect maternal nutrition status to 
foetal development and later health and disease. 
For example, one set of ideas is sometimes referred 
to as ‘metabolic programming’. The idea here 
is that certain micronutrient deficiencies in the 
mother could lead to hormonal adaptations and/
or changes in epigenetic regulation that might 
in turn influence the number and structure of 
cells during the time of organ development. For 
example, deficiencies in iron, zinc, vitamin A or 
folate could lead to the suboptimal development 
of nephrons in the kidney leading to impaired 
renal function in later life. Through similar effects 
on cardiovascular, pancreatic and pulmonary 
functions, changes to tissue structure and function 
(‘tissue modelling’) could then lead to an increased 
risk of hypertension, insulin resistance and other 
cardiometabolic problems in later life32,33.

Other mechanisms could involve oxidative stress, 
maternal stress, the gut microbiota, toxin exposure 
(especially linked to arsenic exposure, tobacco 
smoke, air pollutants, phthalates and bisphenol A), 
maternal hyperglycaemia and gestational diabetes, 
and infection32,34-42. There is also growing interest 
in the potential for paternal exposures to affect the 
infant epigenome43-45.

The overall theme of these different mechanisms 
is that different physical attributes in the 
offspring (‘phenotypes’) can result from different 
environmental exposures, including maternal 
nutrition, at the time of conception, despite 
the sequence of DNA (‘genotype’) remaining 
unaffected. The premise is that around the time 
of conception there is heightened sensitivity to 
the environment with the embryo being able to 
‘sense’ the environmental cues46. This may give the 
embryo the chance to optimise its development to 
maximise the chances of survival (e.g., a hypothesis 
such as famine situations at conception triggering 
adaptations for the developing child to better store 
energy). This may be particularly beneficial if the 
later environment matches the environment at the 
time of conception. However, if there is a mismatch 
between the environment at conception and 
that experienced later – for example, if the child 
was conceived at a time of nutritional deprivation 
but later grows up in an environment with more 
food available – the consequences could be 
disadvantageous46-47.
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Box 3: One carbon metabolism in more detail

One-carbon units are used as substrates for a whole range of intricate biochemical processes, including 
cellular biosynthesis (processes that result in the creation of essential molecules such as DNA and 
protein), redox status regulation (helping to keep cells healthy by balancing the action of antioxidants 
and free radicals), genome maintenance (keeping our DNA healthy by supplying and maintaining the 
pool of nucleotides that are the building blocks of DNA), and methylation reactions (transferring a methyl 
group, CH3, from one molecule to another)48. The folate, methionine, homocysteine, transsulfuration and 
transmethylation metabolic pathways all interplay in fine balance to ensure these essential biological 
reactions can function.

There are two main carriers that activate, transport and transfer one-carbon units: tetrahydrofolate 
(produced by folate metabolism) and S-adenosyl methionine (SAM). SAM methylates (donates a 
CH3 group) to a wide variety of acceptors in reactions that are catalysed by enzymes called methyl 
transferases. Over 200 methylation reactions are required for a wide range of biological purposes, 
including DNA transcription and translation, protein localisation (directing proteins to the right places in 
cells so they can carry out their function properly) and signalling purposes49. SAM also donates methyl 
groups to methylate cytosine bases and amino acids on histone tails within the structure of DNA. These 
reactions play a key role in epigenetic mechanisms (see Box 4).

If too much homocysteine builds up in our bodies, this can impede methylation reactions50. To maintain 
favourable methylation conditions, we therefore need to be able to remove homocysteine from the system. 
One way to do this is through permanently degrading homocysteine, eventually forming the amino acid 
cysteine, in the transsulfuration pathway requiring vitamin B6. The other way is to methylate homocysteine 
to form the amino acid methionine. There are two distinct pathways that can be used. The major pathway 
involves homocysteine accepting a methyl group originating from folate metabolism. This pathway 
requires vitamins B12 and B2 as cofactors. The alternative pathway, predominantly used in the liver and 
kidneys, uses the methyl group from betaine, a product formed through the oxidation of choline.

Genetic variants coding for enzymes that catalyse reactions in one-carbon metabolism can affect how 
easily and effectively metabolites flow through these pathways51,52. For example, one of the better-known 
genetic variants affects the gene which codes for methylenetetrahydrofolate reductase (MTHFR), an 
enzyme critical for the functioning of the folate metabolic pathways. People with a mutation in the 
MTHFR gene can experience a build-up of homocysteine, which in turn is associated with an increased 
risk of cardiovascular disease and pregnancy complications, amongst many other diseases53.
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including transcriptional silencing (turning genes 
off), X-chromosome inactivation (helping to 
switch off one of the X chromosomes in females to 
ensure genes are only expressed once), genomic 
imprinting (controlling a certain type of gene 
that we inherit specifically from our mother or 
specifically from our father) and for maintaining 
cellular identity (keeping cells focused on a specific 
role by switching certain genes off and on, i.e., 
keeping a skin cell from behaving like a liver cell)55. 
In summary, DNA methylation helps to control 
which genes are used, when they are used, and 
where they are used (in which cells). This process is 
vital for the proper development and functioning 
of our bodies. Given one-carbon metabolism is 
required for DNA methylation, and in the section 
above we covered the nutritional components 
of one-carbon metabolism (folate, betaine, 
methionine, vitamins B2, B6, B12), we can start 
to build our understanding of how nutrition may 
affect epigenetic mechanisms.

Given the centrality of one-carbon metabolism to 
so many key biological processes it becomes easier 
to understand how the periconceptional nutritional 
status of nutrients that feed into these metabolic 
pathways can influence the development of the 
foetus, with implications for the child’s later health 
and development across the life cycle. 

Epigenetics

As mentioned above, epigenetic mechanisms 
are just one of the processes that rely on one-
carbon metabolism. Epigenetic processes describe 
changes to the genome that can impact the ways 
that genes are expressed (switched on or off) 
without changing the underlying DNA sequence54. 
These changes involve processes such as DNA 
methylation, histone modifications, RNA-based 
mechanisms, and the interactions between them 
all (described further in Box 4). DNA methylation 
is important for a host of biological processes, 

Figure 2: A simplified diagram of one-carbon metabolism with nutritional inputs shaded in green. 
Vitamins in hexagonal boxes represent essential co-factors that enable certain enzymes to function
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Box 4: Epigenetic modifications

DNA is tightly woven around histone proteins, forming compact structures of DNA and protein called 
nucleosomes. Nucleosomes in turn are packed together to form chromatin (Figure 3). Epigenetic 
mechanisms include:

a)  �DNA methylation: this most commonly occurs at places in the genome where a cytosine base is found 
next to a guanine base on a DNA strand along its linear sequence, hence termed ‘cytosine-phosphate-
guanine’ or CpG sites. It involves the covalent bonding of a methyl (CH3) group to the cytosine to 
form 5-methylcytosine. CpGs are generally unmethylated at promoter regions of regions (regions 
responsible for switching a gene on) and methylated in other (non-promoter) regions. Methylation at 
CpG sites in promoters is usually associated with silencing the gene (i.e., switching it off), although not 
consistently56.

b)  �Histone modifications: The attachment of certain chemicals to the amino acid chains that make up 
histone structures (“tails”)57.

There are several mechanisms by which chemical modifications of CpG sites and histones are thought to 
influence gene expression by affecting how open or closed the chromatin structure is.

c)  �Non-coding RNAs. These are strands of RNA that are not used to build proteins but can have many 
other functions and may affect gene expression58. Of those that influence gene expression, microRNAs 
have been the most studied to date. These are short pieces (~22 nucleotides) of RNA, which affect the 
epigenome through binding to target messenger RNAs controlling the expression of key regulators of 
gene expression.

Figure 3: Epigenetic mechanisms

Source: https://commons.wikimedia.org/wiki/File:Epigenetic_mechanisms.png
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and development62, and that famine exposure is 
also related to a wide range of offspring cognitive 
health and cardiometabolic risk factors six decades 
later6,8,63. The role of epigenetic dysregulation 
within health and disease has already generated 
a great deal of interest, including investigating 
potential causes within conditions such as Russell 
–Silver Syndrome (an under-growth disorder), 
Beckwith-Wiedemann Syndrome (an over-growth 
disorder)64,65, intrauterine growth restriction66, 
small-for-gestational age67, birth weight68,69 and 
later adiposity70. It has been suggested that 
exposures experienced in the womb could mould 
an ‘epigenetic signature’ that may programme 
the physical characteristics that are adapted to 
the external environment being sensed, which 
may be problematic if the environment into 
which the child is born then changes71. Under 
this hypothesis, malnutrition in pregnancy could 
programme so-called ‘thrifty’ epigenotypes to 
reduce the metabolic rate and store energy in 
response to a nutritionally poor environment. This 
may subsequently trigger symptoms of metabolic 
disease if the environment changes to one of 
relative nutritional abundance.

The clearest evidence to date of the link between 
maternal nutrition, epigenetics and offspring health 
comes from animal studies. See Box 5 for details 
of a famous animal experiment that demonstrates 
some of these principles. Such animal studies 
have been pivotal in demonstrating the proof 
of concept and have motivated the continued 
interest in exploring the potential links between 
preconception diet, epigenetics and infant health  
in humans.

The periconceptional window and epigenetics

The first 1000 days window is a period of 
exceptionally rapid cellular growth and 
development, where epigenetic mechanisms are 
critical to ensure healthy development. Periods 
of foetal development and infancy therefore 
represent windows of time that may be particularly 
susceptible both to epigenetic errors and to 
environmental influences59. For example, the first 
48 hours after conception sees highly complex 
epigenetic processes at work. Immediately after 
fertilisation, there is a period where the majority of 
the genes experience a stripping of methyl groups 
from the DNA (demethylation), which happens 
very quickly amongst the genes inherited from 
our father (the paternal genome) and a little more 
slowly amongst the genes inherited from our 
mother (the maternal genome)60. Erasing these 
epigenetic marks in the very first cell that goes on 
to make a human being (the zygote) is critical so 
that all developing cells can be made into any type 
of cell that is needed (i.e., the cells need to become 
a blank slate so that they can be programmed 
for specific tasks or, in biological terms, become 
‘pluripotent’)55. This then enables the developing 
cells to be methylated afresh, where the methyl 
groups label the cells according to the specific 
role the cells will go on to play. A second wave of 
demethylation occurs in the cells that develop 
in the foetus to become the eggs or the sperm 
cells of the developing baby (the primordial germ 
cells)61. These cells are wiped clean so that they 
can be re-methylated in patterns specific to the 
sex of the developing baby. Re-methylation of 
sperm cells occurs before the birth of the child, 
but re-methylation of the developing egg cells 
(the oocytes) happens over the whole period 
of their maturation, up until ovulation61. The 
periconceptional period is therefore one of intensive 
and complex epigenetic activity representing a 
window in which epigenetic errors could have 
significant consequences for the health of the child.

The evidence base linking periconceptional 
nutrition with epigenetic mechanisms

The above sections have explained why epigenetic 
modifications to the genome may, at least partially, 
explain some of the observations described in the 
DOHaD literature. For example, studies from the 
Dutch Hunger Winter, as described above, suggest 
that exposure to famine in pregnancy, particularly 
around conception, is associated with different 
levels of DNA methylation in genes linked to growth 
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In humans, there are many studies looking at 
nutrition in preconception and pregnancy stages 
and associations with epigenetic patterns (DNA 
methylation is the most studied) in the infant 
(36). Studying nutritional status at or around the 
time of conception is extremely challenging, and 
hence there are many more studies that look at 
nutrition across later timepoints in pregnancy 
compared to preconception nutrition status. 
However, studies specifically investigating the 
periconceptional window have found associations 
between DNA methylation of various genes in 
infants and the periconceptional nutrition status of 
their mothers, including folate intake74,75, folic acid 
intake75-77, betaine intake78, methionine intake78, 
multivitamin supplementation79,80, exposure to 
famine81-83, and differing one-carbon metabolite 
plasma concentrations associated with the season 
of conception14,30,31,84. This is also evidence that the 
associations between periconceptional nutritional 
exposures and offspring DNA methylation are still 
measurable later in childhood, in children aged 7-9 
years85.

DNA methylation of various genes in infants 
(measured at birth either in placenta tissue, cord 
blood, buccal cells or peripheral blood) has been 
associated with birthweight68,69,86-88, small-for-
gestational age67,89-91, BMI at age one year92, obesity 
at age 11 years93, adiposity at age nine years70, bone 

mineral content at age four years94, and a variety of 
cognitive outcomes95-98.

However, there are far fewer studies that have 
been able to look at the whole picture, namely 
preconception nutrition exposure to later disease 
risk, mediated by epigenetic mechanisms in 
the infant. One study found that pre-pregnancy 
vitamin B2 status was associated with infant 
DNA methylation at the ZAC1 gene, which in turn 
was associated with foetal weight at 32 weeks of 
gestation and BMI at age one year. Another study 
found associations between one-carbon metabolite 
status at the time of conception with infant DNA 
methylation at the POMC gene, which in turn was 
associated with increased obesity in children and 
adults31. A third study found an association between 
periconceptional folic acid supplementation, DNA 
methylation in the infants at the IGF2 gene and an 
associated reduction of birthweight77.

In many of these studies, it is difficult to establish 
the direction of causality since disease states can 
also influence epigenetic patterns99,100, especially for 
those studies that have used a retrospective cohort 
design. Stronger evidence comes from prospective 
cohorts investigating, for example, maternal folate, 
homocysteine, vitamin B12 and B6 levels in early 
pregnancy, the impact on DNA methylation in 
infant cord blood, and the potential impacts on 
birthweight and later infant growth68,70,101.

Box 5: The Agouti mouse experiment

Several animal experiments have shown that the maternal diet can influence offspring health and 
development. For example, in a famous experiment by Waterland and Jirtle72, pregnant mice (dams) 
were fed a diet that differed by concentration of vitamin B12, folic acid, betaine and choline. The dams 
that were fed diets higher in these micronutrients produced pups that had higher levels of DNA 
methylation near the agouti gene. This in turn affected the colour of the pup’s fur, leading to browner 
rather than yellow fur colour. This also affected body composition later in the life of the pups – the 
browner pups were also leaner and less likely to develop insulin resistance than the yellow pups73. All the 
pups were isogenic (having the same genotype) but had different phenotypes (i.e., fur colour, adiposity) 

according to the diet their mothers had in 
pregnancy. This is an example of epigenetic 
mechanisms at work, where gene expression 
is affected by environmental factors, in this 
case, maternal nutrition, without changing the 
underlying sequence of DNA (see image). 

Reproduced with permission from: Waterland RA & Jirtle 
R L. Transposable Elements: Targets for Early Nutritional 
Effects on Epigenetic Gene Regulation. Molecular and 
Cellular Biology. 2003;23(15): 5293–5300.
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population health. As policy and programming 
increasingly prioritise prevention, these insights 
provide a growing scientific basis to shape effective 
responses, particularly in low- and middle-income 
countries where the burden of maternal and child 
undernutrition remains high. As our understanding 
of preconception nutrition continues to evolve, 
sustained research and cross-sector collaboration 
will be essential to translate evidence into 
meaningful impact in these settings.
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Reviewing the existing data overall, the findings 
are not consistent across studies36,102 so there 
is not yet any clear consensus on the extent to 
which epigenetics are involved in the causality of 
suboptimal growth and development103. We are 
therefore a long way from being able to identify the 
best nutrition interventions to ‘correct’ epigenetic 
errors during preconception, and to demonstrate 
that these interventions have meaningful impacts 
on infant growth and development.

Conclusion
The science of preconception nutrition reveals  
how specific nutritional factors influence 
key biological processes that shape health 
outcomes across the life course and generations. 
Understanding these mechanisms reinforces the 
importance of investing in nutrition well before 
pregnancy begins. The evidence presented in 
this paper highlights the potential for targeted 
interventions during the preconception period  
to improve maternal, foetal, and long-term 
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