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ABSTRACT
Thyroid dysfunction is most common during pregnancy. The estimated prevalence of hypothyroidism
during pregnancy is to be 0.3-0.5% for overt hypothyroidism (OH) and for subclinical hypothyroidism (SCH) 2-3%. 814% of the women in the child-bearing age are positive for thyroid antibodies. Vitamin B12 has a key role in offspring
neurodevelopment. There is an association of Vitamin B12 concentration in breast milk and in the vitamin
B12concentration of infant with Vitamin B12 concentration in maternal blood. The current review was undertaken
to provide detailed account of association of folic acid and vitamin B12 in pregnancy and the effect of vitamin B12
and folic acid on thyroid hormones. Understanding these associations will help to plan effective therapies for the
benefit of pregnant women in general.
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INTRODUCTION
Thyroid dysfunction is most common during pregnancy. The estimated prevalence of hypothyroidism
during pregnancy is to be 0.3-0.5% for overt hypothyroidism (OH) and for subclinical hypothyroidism (SCH) 2-3%. 814% of the women in the child-bearing age are positive for thyroid antibodies. The two main causes for
hypothyroidism during pregnancy include chronic autoimmune thyroiditis and iodine deficiency [1, 2]. There is a
profound influence of pregnancy on thyroid hormones. It causes the changes in thyroid hormone transport especially
in TBG, effect of human chorionic gonadotropin (hCG) on the maternal thyroid, leads to the increase demands of
iodine requirements. It also causes modifications in autoimmune regulations and the role of the placental
deiodinase. All these events occur at different phases of gestation, leading to complex effects during delivery or
postpartum. Hence, pregnancy is the testing time for the thyroid gland.
Vitamin B12 has a key role in offspring neurodevelopment. There is an association of Vitamin B12
concentration in breast milk and in the vitamin B12concentration of infant with Vitamin B12 concentration in
maternal blood. Vitamin B12 cannot be synthesized in the human body. The only source of vitamin B12 is through
diet (food of animal origin). The source of vitamin B12for the growing fetus is maternal vitamin B12, the transfer of
maternal B12 to the offspring during pregnancy and lactation demands for excess supplementation of vitamin B12
else deficiency may occur. 3-4% of the general population shows Vitamin B12 deficiency. 12% of hypothyroid
patients present with pernicious anemia especially, subjects with autoimmune hypothyroidism. Many animal studies
suggested that disturbances in methylation cycle mey be one of the reasons for NTDs. Adequate methylation cycle
is essential for cranial neural tube closure. Availability of methyl group is very important for many cellular functions
of neuron to occur, including gene expression control and DNA methylation, nucleic acid synthesis and repair and
protein metabolism. Important vitamins for methyl group transfer and availability are vitamin B6, folic acid (B9),
vitamin B12 and choline. As a precaution to prevent NTD’s FA supplementation is recommended during pregnancy,
this is a simple intervention to greatly reduce the incidence of NTD’s in offspring [3]. Certain studies suggest
supplementation of folate in adults to prevent neuro degeneration [4] also helps in improvement of cognitive
abilities and reduce depressive symptoms [5].
MATERIALS AND METHODS
A detailed review of published literature from Google, PubMed, and MEDLINE was performed and analyzed.
Thyroid hormones and pregnancy
Serum TBG increases noticeably few weeks after the beginning of pregnancy and around mid-gestation it
reaches the plateau. Its increase is 2.5 fold higher than the initial value. This increase is in response to increased
estrogen concentration which in turn causes the increased production of Thyroxine-binding globulin TBG in liver.
Increased degree of scialylation of TBG gives the protein a longer half-life. Further, proportional binding of TBG to
T4 promotes the stabilization of TBG.
Thyroid hormone (TH) levels increase in pregnancy. The affinity of TBG to T4 is 20 folds higher in than to
T3. So, the change in total T4 is very close to the change of TBG. The molar ratio of T3/T4 does not change during
pregnancy. The total T4 levels increase more rapidly between the 6th and 12th week of gestation. It progresses very
slowly and stabilizes around mid-gestation whereas total T3 rises more progressively. This suggests that pregnancy
is associated with changes in thyroid function studies and the change is significant but, reversible.
Hypothyroidism in pregnancy show defects in thyroid hormone (TH) synthesis and action leading to
impaired cognitive development and increased fetal mortality[6]. As it is well studied that, TH plays very important
role in development of fetal brain and nervous system, in uncontrolled hypothyroidism in pregnancy can alter the
neurocognitive development of the offspring, affecting the fetal growth and brain development mainly during the
first trimester [7] If hypothyroidism is untreated, may lead to increased risk of low birth weight, preeclampsia,
placental abruption, perinatal mortality and miscarriage. Hypothyroidism in early or late pregnancy may increase
the rate of caesarean section. Pregnancy complications are lower in SCH when compared to overt hypothyroidism.
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Vitamin B12 in pregnancy and Hypothyroidism
The maternal cobalamin status is a strong predictor of vitamin B12 in breastfed infants up to at least 6
months of age [10]. Because of the transfer from mother to offspring during pregnancy and lactation, maternal
requirements during this period are increased and deficiency may occur. The influence of low vitamin B12during
pregnancy may have cognitive ability of children later in life. In Mexico, a study that assessed maternal diet during
the trimester of pregnancy and offspring neurological development reported a decrease in cognition test score
among children of mothers with a deficient intake of vitamin B12 (<2µg/ day)(Lynch et al, 2005) but, two studies
conducted in India reported contradictory results found no such association between the infant cognitive abilities
and maternal Vitamin B12 concentration, possibly due to differing levels of vitamin B12 among the
populations.[8,9]There are many different causes that lead to vitamin B12 deficiency some of those causes include
inadequate intake, altered intestinal absorption due to sluggish bowel motility, bowel wall edema, and bacterial
overgrowth.
Association of folic acid and vitamin B12 in pregnancy
Inhibiters such as ethionine and cycloleucine is administrated in cultured mouse embryo during cranial
neurilation showed increased NTDs but, had not lead to growth retardation and developmental delay[11]. SAdenosyl methionine (SAM) is an active donor helps in lipid biosynthesis, protein biosynthesis and DNA methylation.
It might be the altered ratio of SAM/S-adenosyl homocysteine (SAH) that may lead to decreased cellular methylation.
SAH is a strong inhibitor of many methyltransferases, the enzymes essential for methylation pathway. This is proved
in an animal study wherein, genomic DNA showed hypomethylation in the brain of NTD affected fetuses
[14,15]corrected on the administration of methionine,stated that increase in maternal methionine reduces NTD risk
[12,13]. It is established that supplementation of folate during pregnancy is very important to prevent NTDs and
other growth- related problems of the fetus. It is well known that low maternal folate levels lead to NTDs and small
for gestational age (SGA) infants [16]. Supplementation of folate to the women during pregnancy is common allaround the world. This had in fact, lead to the increase intake of folate beyond the requirement, before planning the
pregnancy or after conception. On the other hand deficiency of vitamin B12 is commonly noticed in pregnant
women, the concern in India is due to widespread vegetarianism Few studies in urban areas of South India, stated
that low vitamin B12 is associated with increased risk of fetal NTDs and intrauterine growth restriction[18,19]. The
study suggests the supplementation of vitamin B12 especially, to vegetarians along with folate[20]. There are certain
studies showed the relation to cognitive impairment associated with high plasma folate with low vitamin B12 [21].
If a similar condition is seen during pregnancy may lead to adverse effects on the growing fetus and may continue
after birth. An observational study conducted by St. John’s Research and Medical institute, Banglore, India had
showed that intake of high folic acid with low vitamin B12 i.e. imbalance ratio of vitamin B12 and folate may lead to
adverse birth outcomes like SGA infants [22]. This study included 1838 pregnant women of South India. They
examined the ratio of vitamin B12 and FA, and also noted the effects of high folate with low vitamin B12. It was
observed that intake of low vitamin B12 with high folate intake during the first and second trimester, had led to an
increased risk of SGA. However further certain prospective studies like controlled trial of vitamin B12
supplementation should be conducted to extensively understand the associated effects of high or low ratios of
vitamin B12 and folic acid during pregnancy and to study the birth outcomes.
The adverse effects may be due to un-metabolized plasma folic acid (FA) in the presence of low vitamin B12
may lead to poor cognitive abilities in the elder people [21]. Studies with increased supplementation of folate in
subjects with low vitamin B12 or deficiency of vitamin B12 reported increased concentrations of homocysteine and
methylmalonate[23]. Saturated Dihydrofolate and unmetabolize plasma FA is also the effect of low vitamin B12 [24].
Therefore, the study by Prathibha et al, 2013 showed the proportional relationship between low vitamin B12 and
increased FA (unbalanced ratio of vitamin B12 and Folic acid) with SGA infants in the population.
A study conducted by Muthayya et al, 2006 in 478 urban south Indian women to assess the dietary
micronutrients status in healthy pregnant women and to evaluate the outcome of low vitamin B12 status in pregnant
women. The follow-up study showed that the women with low serum vitamin B12 had a higher significance of
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intrauterine growth retardation (IUGR) risk in all the three trimesters of pregnancy stating that, low levels of vitamin
B12 is associated with IUGR and early detection of vitamin B12 is important to reduce the risk of IUGR. The two
essential micronutrients folate and vitamin B12 are very important for normal brain development. Many studies
have being take up to understand the relationship of vitamin B12 and folate during pregnancy and their effects on
cognitive functions of offspring. As there is a hypothesis made that, low folate and vitamin B12 with increased
homocysteine during pregnancy is associated with poor neurodevelopment. Veena Sargoor etal, 2010 conducted a
study on 536 children of 9 to 10 years of age at Holdsworth memorial hospital, Mysore. In this cohort study they
measured cognitive function and other additional tests to measure learning, long-term storage/ retrieval,
concentration and attention, visuo-spatial and verbal abilities. In addition to this, they also measured maternal
folate, vitamin B12 and homocysteine levels in pregnant women at 30 ± 2 gestational age. This study concluded that,
there is no association of maternal vitamin B12 and homocysteine levels with cognitive performance in childhood.
This study showed the positive effect of folate i.e. high maternal folate levels during pregnancy led to better cognitive
abilities in children, irrespective of vitamin B12 levels. This stated the importance of folate both in the prevention of
neural tube defects and for proper brain development, better cognitive functions too. The study assumed that only
when maternal vitamin B12 levels are extremely low poor cognitive function is seen or may be the adaptation of this
population for low levels of maternal vitamin B12 had not shown its association with poor cognitive abilities.
However, there are many studies conducted to understand the effects of altered ratio of vitamin B12 and
FA and to learn the association of vitamin B12 and FA in developing fetuses showed contradicting results. A study in
humans stated that, mothers with low folate levels with maternal megaloblastic anemia are associated with
abnormal fetal development and poor mental development [25]. Some case reports revealed that, low vitamin B12
during pregnancy causes delayed neurodevelopment in infants seen in patients with pernicious anemia or in strict
vegetarians [26,27,28]. A similar study but in elderly had also shown impaired cognitive function and anemia in
subjects with high folate and low or deficient vitamin B12 deficiency [29]. Yet another study conducted in Pune, India
noticed that children born to mothers with low vitamin B12 levels <77pmol/L poor performance for the tests like
sustained attention and short- term memory when compared with children born to mothers with high vitamin B12
levels (>224pmol/L).
The effect of vitamin B12 and folic acid on thyroid hormones
The first study conducted by [30] in animals (adolescent rats) to learn the prolonged effects of folate
supplementation in adolescence. They learnt that, high folate levels effect thyroid function and thyroid hormonemediated signaling in the hippocampus, stating that increased folate supplementation had a suppressive effect on
thyroid hormones (T3 and T4), that had possibly led to motivational deficits and memory impairments in adolescent
rats. It had not showed any effect on TSH levels. The exact mechanism of folate leading to suppression of thyroid
hormone is unclear. They assumed that this effect was seen because it occurred during the developmentally
important adolescent period, few studies in this regards stated, low freeT4 and also subclinical hypothyroidism has
been associated with depressive symptoms, behavioral problems and attention deficit behavior in human at
adolescence. [31] But, this animal study had confirmed that the animals were functionally hypothyroid during the
administration of folate. If the same effect implies in humans with increased folate supplementation during
pregnancy i.e. high folate intake may lead to suppression of maternal plasma thyroid hormonal levels, would have
alarming implication for the health of the fetus. However, the association of endocrine changes and behavioral
phenotypes has yet to be studied. The overall conclusion of the study by is increased folate supplementation of had
led to decrease in peripheral thyroid hormone levels and the hippocampal changes of thyroid receptor (TR) levels
further causing both motivational changes and memory impairment suggesting, the increased levels of folate
supplementation alone may be harmful not only during fetal development and on growing infant but also in the
adolescent period. Other adverse effects of high folate include the stimulation of Gs gamma proteins in membranes
of brain with its greatest effect in the hippocampus and cerebellum.There are evidences that increased folate
promote or stimulate cancer [32]. The detrimental effect of high folate on endocrine and behavioral parameters is
of high concern and suggests that, “anything in excess is bad or less is more”.
CONCLUSION
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The current review provides detailed account of association of folic acid and vitamin B12 in pregnancy and
the effect of vitamin B12 and folic acid on thyroid hormones. Understanding these associations will help to plan
effective therapies for the benefit of pregnant women in general.
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