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The acquisition of cognitive, sensory-motor and social emotional functions depend on a proper develop-
ment of the Central Nervous System (CNS). This set of functions, known as intelligence, allows a better
adaptation to the environment. In the last decades, an increase in the average of intelligence has been
reported. However, such an increase cannot be observed in an equivalent way in economically and social
underprivileged regions. Children from those regions are in great risk of being affected by mental retar-
dation or impaired cognitive development. In later life they will, probably, be unable to transform and
improve themselves and their communities, perpetuating the poverty of the region. Therefore, knowl-
edge of factors involved in CNS development is a matter of health closely related to social improvement.

Malnutrition throughout pregnancy and breastfeeding is clearly identifiable as a cause of damage in
CNS development. Vitamin B1 (Thiamine) is a micronutrient important to the growth and maturity of
the CNS. Thiamine shortcoming may affect 50% of pregnant women. Thiamine function in cerebral devel-
opment is still not well known. There is a gap in the literature regarding systematical research about the
blood thiamine concentration throughout the periods of gestation and breastfeeding. These studies are
relevant in populations with a high level of nutritional vulnerability, because in a follow up offspring cog-
nitive exam they could reveal if the maternal thiamine deficiency is related to child CNS impairment.

This paper introduce the hypothesis that thiamine shortcoming during pregnancy and breastfeeding is
directly related to cognitive impairment of child. Data about the neurophysiological role of thiamine, con-
sequences of its shortcoming in experimental models, populations under the risk of thiamine shortcom-
ing are presented.

The hypothesis that maternal thiamine shortcoming causes damage related to child cognitive develop-
ment needs to be considered. Thus, thiamine shortcoming during gestation and breastfeeding and its
effects on children must be studied in many populations in order to know the magnitude of the problem
and to indicate actions to overcome it.

� 2012 Published by Elsevier Ltd.
Introduction

Throughout human development, according to the growth and
maturity of the central nervous system (CNS), new abilities that al-
low a better adaptation to the environment are incorporated. The
set of cognitive functions, sensory-motor, social emotion that allow
interaction with the environment is known as intelligence [1].
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Flyn (2009) states that intelligence is quantified by the I.Q test
[2]. Damage or delay in CNS development can cause social adapta-
tion difficulties and deficits in adaptive behavior [3].

During the last few decades, an interesting phenomenon about
I.Q has been observed. An important increase in the average of I.Q
scoring in populational studies took place in the last decades, in
other words, an increase in intelligence, at least, in the more formal
sense [4]. However, such an increase cannot be observed in an
equivalent way all over the world [5,6]. For instance, underprivi-
leged regions, where the access to healthcare and education is pre-
carious, show a greater risk of having children affected by mental
retardation or failing to reach a normal potential in cognitive
development [7]. Thus, children who belong to such communities
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later in life have less chance to transform and improve themselves
and the social conditions of their communities which generates the
perpetuation of poverty in these countries [8,9]. Therefore, the fac-
tors involved in CNS development should be known, not only as a
matter of population health but also as an important aspect related
to social improvement [10].

CNS development is influenced by psychosocial and biological
factors and by genetic inheritance [8]. These factors together inter-
fere, increasing or decreasing, with cerebral development through
neurogenesis, axonal and dendritic growth, synaptogenesis, cell
death, synaptic pruning, myelination, and gliogenesis [11]. Among
biological factors, malnutrition throughout pregnancy and during
early life is clearly identifiable as a cause of damage in CNS
development. Although all the nutrients are necessary for proper
cerebral development, there is strong evidence that just the defi-
ciency of some micronutrients is enough to influence children’s
cognition and behavior [12].

Micronutrients such as: iron, iodine, folic acid, vitamin B12 and
choline play an important and known role in the process of growth
and maturity of CNS. The lack of such micronutrients during preg-
nancy and breastfeeding may result in mental retardation [13–17].

Although there are some studies focusing the role of thiamine in
the brain, the function of this vitamin in the cerebral development
process is still not very well known [18]. In addition, the prevalence
of thiamine shortcoming may affect as much as 50% of pregnant wo-
men. Despite such high prevalence, there is a gap in the literature of
systematic studies about thiamine levels in biological samples of
pregnant women in the various periods of gestation and throughout
breastfeeding. The lack of scientific data is greater among popula-
tions with a high level of nutritional vulnerability. In addition, these
populations do not have easy access to proper laboratorial methods.
Furthermore, it is very complicated to evaluate the consequences
for the children who grew up during the maternal shortcoming.

We hypothesize that thiamine plays an essential role in CNS
development and that the maternal deficit throughout pregnancy
and breastfeeding could be an important cause of damage to
cognitive development among children, mainly in underdeveloped
countries across the world.
Thiamine’s role in the central nervous system

Thiamine (B1 vitamin) is an essential nutrient found in a high
amount in muscles, organs and cerebral tissue. After being cap-
tured by the cells, thiamine can be the rising phosphorylated thia-
mine pyrophosphate (TDP). Among the thiamine phosphate
derivatives, TDP has best known biological function. It acts as a
cofactor of the transketolase enzymes, pyruvate dehydrogenase
complex and ketoglutarate dehydrogenase, the key enzymes in
the cellular energy production process [20,21]. The enzymes which
depend on thiamine are not only important to maintain the ener-
getic metabolism of the cell, but also act indirectly in the lipid,
nucleotide synthesis [21].

In the central nervous system, besides the well described met-
abolic function of thiamine, as mentioned above, as a cofactor of
enzymes which are involved in the glucose metabolism several
pieces of work have suggested other non-metabolic functions for
thiamine and its derivatives [18,22,23]. Other functions described
are: neurotransmitter synthesis, plasma membrane structure and
function stabilization, participation in the sign transduction
pathways and proceedings against cytotoxicity inductor agents
[24–27]. Moreover, the results obtained by our group [28], using
neuronal primary culture, indicate involvement of thiamine in
the ionic channel modulation. The increased content of such a
vitamin during synaptogenesis also provides support for its role
in the nervous conduction [29].
According to Martin et al. (2003) [30], given the importance of
thiamine in the organism, a decrease in its tissue concentration
may interfere in several cellular mechanisms, capable of triggering
neurodegenerative processes resulting in cerebral functional alter-
ations. These disturbances may result in Wernicke Encephalopa-
thy, in which the main symptoms are ophthalmoplegia, ataxia,
memory loss, mental confusion and gait and posture hypoactivity
[31,32]. Thiamine deficiency is also suggested to be related with
autism and delayed language impairment [33,34].

Brain injuries similar to those that occur in individuals with
Wernicke Encephalopathy can be induced experimentally in rats
through the use of diet lacking thiamine, parenteral use of a pir-
ofosfoquinase inhibitor or a combination of both procedures [35].
In these experimental models, thiamine shortcoming leads to cell
loss in the cerebellum, amygdala, thalamus, inferior colliculus and-
superior olivary complex [36,37].

Thus, based on data obtained from experimental and clinical
studies, we conclude that thiamine shortcoming severely disrupts
neuronal function and results in behavioral changes.
Populations under the risk of thiamine shortcoming

Thiamine shortcoming affects specific population groups due to
an increase of nutritional needs or to the lack of the nutrient intake
in malnutrition cases [31,19]. There is a connection among socially
vulnerable groups, in other words, underprivileged people who
face extreme poverty that may be affected by such deficit. Thus,
prisoners, refugees and population living under extremely poor
conditions are more likely to develop the shortcoming. [38,39].

McGready et al. (2001) observed that women who belonged to a
refugee camp on the Thailand–Burma border presented a high le-
vel of thiamine deficiency during post partum [40]. More than
58% of the women in this group presented the deficit in the third
month post partum and many of those had subclinical manifesta-
tion. In this population infantile beriberi, or thiamine deficiency,
was recognized as a major cause of infant mortality. Other studies
indicate a high prevalence of thiamine deficiency in other popula-
tions, showing that a deeper investigation about maternal short-
coming, as well as its consequences for the offspring are needed
[29,19].

Maternal thiamine shortcoming during pregnancy remains until
breastfeeding and harms the milk formation [40]. It is widely ac-
cepted that the rapid rate of growth of the brain during the last
third of gestation and the early postnatal stage makes it more vul-
nerable to an inadequate diet [41]. That is more evidence that,
underprivileged people show a greater risk to present the short-
coming during breastfeeding [42], emphasizing that it can be very
harmful to the child.

It can be concluded that poverty, due to the possibility of mal-
nutrition, is an important risk factor to the occurrence of thiamine
shortcoming. Likewise, the relation between damage to cognitive
development and poverty is well outlined [43]. Clearly, we can
conclude that there might be a connection between poverty and
thiamine shortcoming, and as a consequence, one could also de-
duce that thiamine deficiency is related to cognitive developing
impairment.

Several psychosocial and biological factors apart from thiamine
deficiency contribute directly to cognitive, sensory-motor and so-
cial–emotional functions [44,45]. There is a methodological diffi-
culty in the research about damage to cognitive development
regarding the importance and participation of each one of the fac-
tors involved in these functions. Besides, there is a lack of system-
atic studies which evaluate the mothers in the several periods of
gestation and breastfeeding. Futhermore, the consequences for
the children’s development are unknown, which hinder the estab-
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lishment of a connection between damage to cognitive develop-
ment and thiamine shortcoming.
Thiamine shortcoming and damage to cognitive development

Although there is no clear scientific evidence that maternal thi-
amine shortcoming is directly related to damage to cognitive
development during gestation and breastfeeding in humans, we
could find evidence of such a relation in two approaches.

Firstly, as already stated above, thiamine plays a fundamental
role in the neuronal physiology, from the growth and development
process until aging [46]. Therefore, CNS development in an envi-
ronment that lacks thiamine will probably be negatively affected
[47,33]. Although cerebral plasticity enables the compensation of
the vitamin shortcoming, the molecular mechanism and its limit
of action are still unknown.

Secondly, in a translational scientific perspective, we could take
advantage of data obtained from other animal models, for instance
rodents, to identify the consequences of a thiamine shortcoming
during gestation and breastfeeding. Using these animal models
the researchers can control the variables not possible to be con-
trolled in human beings. For instance, other fundamental nutri-
tional factors, apart from thiamine, can be controlled avoiding
misinterpretation about the consequence of thiamine deficiency.
Furthermore, the use of rodent models allows one to know the
relationship between thiamine levels in the blood and in the brain.

Fournier & Butterworth found that thiamine shortcoming dur-
ing pregnancy leads to neurochemical alterations in the offspring
[48]. The cerebral enzyme activities which participate in the ener-
getic metabolism, like transketolase, pyruvate and cetoglutarate
dehydrogenase complex, underwent a significant decrease in pup-
pies from deficient mothers when compared to the puppies of con-
trol mothers.

Histological studies performed in the hippocampus of rats sub-
jected to maternal shortcoming of thiamine corroborate the impor-
tance of such a vitamin for brain development, because its
deficiency causes tissue damage that remains in later life [49,50].
The morphometric evaluations indicated significant atrophy and
a density decrease of the pyramidal and granule cells in the hippo-
campus subareas of the animals born from thiamine deficient
mothers.

In order to evaluate cognitive functions in the offspring, our
group made use of animal models with thiamine deficiency during
gestation and breastfeeding. When a total deficient thiamine diet
was used throughout gestation, we observed that such a high
shortcoming prevented the fetal viability generating stillborns
(data unpublished). For this reason, we set up a thiamine deficient
model adopting a partially deficient diet of 90%. This partial thia-
mine shortcoming during pregnancy induced spatial learning dys-
functions in offspring (submitted data).

Besides, it was observed that the period straight after birth is
the one with the greatest cerebral vulnerability to maternal defi-
ciency of thiamine [50]. The damage to offspring regarding func-
tion acquisition, such as reflexes, abilities and gait are more
severe in the post natal period. Our group showed for the first time
that the cognitive functions of rats that were breastfed by thiamine
deficient mothers were impaired [51]. We observed that the short-
coming during breastfeeding causes spatial learning and cerebral
GABAergic and glutamatergic dysfunctions in offspring, indicating
that this period, crucial to CNS development, is susceptible to the
effect of thiamine deficiency. Moreover, in a recent paper, Bâ con-
firmed the damage to the CNS development with significant behav-
ioral changes in the offspring and indicated that deficiency of
thiamine interferes with cellular proliferation and migration, dif-
ferentiation, synaptogenesis, axogeneseis and myelinogenisis [52].
Conclusion

Several data indicate thiamine as a fundamental micronutrient
to ripeness and growth of the CNS. Thus, the hypothesis that thia-
mine shortcoming can be a relevant cause of damage to the cogni-
tive development of children throughout the world needs to be
strongly considered. Underprivileged regions, where the access to
healthcare and education is precarious, show a greater risk of hav-
ing children affected by mental retardation or failing to reach a
normal potential in cognitive development. Those children later
in life have less chance to transform and improve themselves
and the social conditions of their communities, which generates
the perpetuation of poverty in these countries. Thus, systematic
studies that evaluate thiamine shortcoming during gestation and
breastfeeding and its effects on children should be done in many
populations, mainly in those with a high level of nutritional vulner-
ability. Knowledge the magnitude of this problem will provide sup-
port for instituting direct actions to overcome it. Quality of life
improvement is the perspective sought by such studies for the
underprivileged population.
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