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Abstract
Nutrition plays a crucial role in wellbeing and is being increasingly recognised as an environmental factor 
in the development of  disease. During pregnancy, maternal diet influences foetal development, playing a 
role not only in the prevention of  neural tube defects and malformations, but also in the susceptibility to 
disease later in life. Certain micronutrients, such as folates, are involved in the maintenance of  genome 
integrity, which is compromised in cancer. A deficiency in these nutrients can therefore be relevant in 
carcinogenic processes. The early onset of  childhood leukaemia implies that it originates already in utero, 
where environmental factors can interfere with the healthy development of  the foetus. Population studies 
have found an association between maternal intake of  folic acid and multivitamins and a reduced risk in 
the development of  leukaemia in the offspring. Although the supplementation of  vitamins is recommended 
during pregnancy, the adequate dosage and nutrient combinations need to be further elucidated to fully 
maximise their protective role.
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Introduction 
Childhood leukaemia is a rare form of cancer affecting approxi-
mately 1700 children a year in the UK [1], accounting for one 
third of all childhood malignancies [2]. The prognostic profile 
varies by subtype, with some groups having extremely poor 
clinical outcomes. Despite the improvements in treatment op-
tions and overall survival, leukaemia still detains high mortality 
rates, affecting very young children, even before their first 
birthday. It is now broadly accepted that infant leukaemia 
has a prenatal origin. This statement is based on scientific 
evidence derived from the study of neonatal blood spots from 
archival Guthrie cards, showing the presence of the genetic 
rearrangements typically associated with infant leukaemia at 
this early stage of life [3]. These rearrangements only appear 
in the blood cell precursors responsible for the disease and are 
not inherited from the parents. What is then the cause of such 
genetic defects in the developing foetus? The culprit might be 
found among environmental factors that influence foetal life 
since conception, or even prior to conception.

Main body 
The exact aetiology of the disease is still obscure, although a 
number of environmental factors such as exposure to harmful 
chemicals and infection have been identified [4]. Many exog-
enous factors are capable of inducing genetic and epigenetic 
changes such as DNA methylation status, which is known to 
be altered in cancer including childhood leukaemia. While 
certain factors such as prenatal exposure to radiation, smoking 
and carcinogenic chemicals are strongly associated with the 
risk of acute lymphoblastic leukaemia (ALL), the role of other 
substances such as iron, caffeine, and common household 
chemicals remains unclear [5].

Nutrition and maternal diet are gaining an increasingly im-
portant role as environmental factors capable of interfering with 
genome integrity, with micronutrients detaining a major role 
in the development of the foetus. Folates and other vitamins 
of the B family, for instance, are involved in the biochemical 
reactions required for DNA synthesis, DNA methylation and 
DNA repair pathways [6]. Folic acid supplementation during 
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pregnancy has now been recommended for many years for 
the prevention of neural tube defects. A complete vitamin and 
mineral supplementation, including iron, calcium, vitamin D, 
and vitamin B12, are also recommended during pregnancy 
to ensure the wellbeing of both mother and child [7]. An ap-
propriate vitamin supplementation prior to conception is also 
recommended to prepare healthy gametes and to prevent 
chromosomal non-disjunction, which are responsible for the 
formation of aneuploidies in the foetus, hence to prevent ge-
netic disorders (e.g. Down syndrome) and malformations [8].

In contrast, so far little attention has been drawn to the 
importance of maternal diet and vitamin supplementation 
in the prevention of childhood cancer. Emerging scientific 
evidence has shown that consumption of folic acid and mul-
tivitamin supplements reduces the risk of leukaemia in the 
offspring. Despite some contradiction in population studies 
[9-13], recent publications suggest that folic acid does play 
a protective role against these malignancies, with varying 
results on specific subtypes. Altobelli et al. [14] showed that 
a reduced intake of protein during pregnancy was associated 
with changes in methylation patterns of DNA, which could be 
reversed upon folic acid supplementation. Another study [15] 
investigated the role of maternal diet as a potential risk for 
ALL, reporting that a diet rich in fruit, vegetable and protein 
before and during pregnancy is capable of reducing the risk of 
ALL in the offspring. A reduced risk of ALL was also associated 
with consumption of food items from the Mediterranean diet 
(fruit, vegetables, fish and legumes) together with supple-
mentation of folic acid and multivitamins prior to conception 
[16]. Thomopoulos et al. [17] found a correlation between the 
consumption of coffee and an increased risk of childhood 
leukaemia. Similar results were found for the consumption of 
cola. Tea was proved to have an inverse effect, probably due 
to the protective action of micronutrients that counteracted 
the harmful effects of caffeine. In contrast, limited studies are 
available on the risk of acute myeloid leukaemia (AML), with 
most authors finding weak associations between maternal 
diet and AML in the offspring [11].

Most studies have focused on the role of polymorphisms 
of genes involved in folate metabolism in influencing the 
risk of ALL and AML, with contradicting results attributable 
to the genetic diversity among different populations. In 
general, the susceptibility due to genetic polymorphisms 
seems to be more evident for ALL than AML [9,18-20], with 
few exceptions such as the Romanian population that seems 
to be particularly at risk for the development of AML in the 
presence of polymorphic variants of the MTHFR gene [21,22]. 
Some authors, however, found no correlation [23-25].

The current dosage recommendations have been disputed 
due to concerns regarding unmetabolised folic acid being 
observed in circulation above 200 μg/day [26]. As excessive 
folic acid intake has been linked with the adverse effect of 

nourishing existing cancerous or pre-cancerous lesions, the 
long-term implications of unmetabolised folic acid need to 
be further elucidated [27]. In order to maximise the protec-
tive role of folic acid, the optimal dosage ranges need to be 
revisited. It is also important to draw a distinction between 
folates and folic acid, the latter being the synthetic form. 
Food fortification and dietary supplements contain folic acid, 
which is not metabolised as efficiently as the natural folate. 
An excessive intake of synthetic folic acid can mask a vitamin 
B12 deficiency in the mother, potentially leading to jaundice 
in the newborn [28]. 

Conclusion 
Population studies have highlighted the importance of ma-
ternal diet and vitamin supplementation before and during 
pregnancy, with particular focus on the protective effects 
against childhood leukaemia and other cancers. Further 
research is needed to uncover the interactions between 
macro- and micronutrients and their effects on the genome, 
with the ultimate goal of establishing correct combinations 
and dosage. When prescribing vitamin supplementation, 
practitioners should be mindful of current research in the field 
and recommend diets rich in natural sources of vitamins and 
micronutrients, first and foremost vegetables, fruit and legumes, 
in view of preventing a wide range of health concerns. It is 
becoming increasingly apparent that the protective role of 
micronutrients is maximised when the maternal diet is viewed 
as a whole, rather than focusing on single nutrients. Broadly 
speaking, maternal diet is not only important to ensure the 
health and wellbeing of the new-born, but to minimise the 
likelihood of developing pathologies, including cancer and 
particularly leukaemia, throughout childhood and later in life.
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