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Abstract
Hypothyroidism may occur as a result of primary gland failure 
or insufficient thyroid gland stimulation by the hypothalamus or 
pituitary gland. Hypothyroidism may be associated with per-
nicious anemia as part of the autoimmune polyglandular en-
docrinopathy. Thyroid hormones (THs) influence endothelium 
and directly raise NO production in vascular smooth muscle 
cells through the phosphatidylinositol 3-kinase/protein kinase 
B (PI3K/Akt) signaling pathway. Folic acid deficiency, admin-
istration of folate antagonists such as methotrexate and car-
bamazepine and disturbance of methionine metabolism after 
hypothyroidism has been suggested as the reasons of rising 
in serum homocysteine levels. The following article reviewed 
association of serum vitamin B12, folic acid and nitrosative stress 
in hypothyroidism. It suggests that combination therapy with 
levothyroxine plus folic acid will diminish serum homocysteine 
level more effectively; so this treatment regimen is preferable to 
levothyroxine alone in hypothyroidism.
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Introduction:
Thyroid hormone (TH) regulates metabolic pro-

cesses essential for normal growth and development 
as well as regulating metabolism in the adult.1 Hypo-
thyroidism, reduced thyroid hormone levels, is associ-
ated with hypometabolism characterized by reduced 
resting energy expenditure, weight gain, increased 

cholesterol levels, reduced lipolysis, and reduced glu-
coneogenesis.2 It is a common disease with different 
frequencies in different countries. It is characterized 
biochemically by a reduction in serum T3 and T4 lev-
els that result in an increase in serum thyroid stimulat-
ing hormone (TSH) concentration.3,4

Hypothyroidism may occur as a result of primary 
gland failure or insufficient thyroid gland stimula-
tion by the hypothalamus or pituitary gland. Primary 
gland failure can result from congenital abnormalities, 
autoimmune destruction (Hashimoto disease), iodine 
deficiency, and infiltrative disease. Autoimmune thy-
roid disease is the most common etiology of hypothy-
roidism.5

Vitamin B12 
Vitamin B12, also known as cobalamin, is a wa-

ter-soluble vitamin involved in metabolism.6 It 
is required by animals, which use it as a cofactor 
in DNA synthesis, in both fatty acid and amino 
acid metabolism.7 It is important in the normal 
functioning of the nervous system via its role in the 
synthesis of myelin, and in the circulatory system in 
the maturation of red blood cells in the bone marrow.8 
Anemia is caused by iron deficiency, the remainder is 
caused by vitamin B12, folate deficiencies, sickle cell 
disease and other inherited anaemia.9 Patients with a 
deficiency of vitamin B12 and hypothyroidism usual-
ly have symptoms of fatigue, weakness, poor memory 
retention, itching and loss of sensation.10,11

Pernicious anaemia is present more frequently in 
subjects with primary autoimmune hypothyroidism 
with reports of association in up to 12% of hypothy-
roid patients.12 Antibodies to gastric parietal cells are 
seen in 1/3 rd of patients with primary hypothyroid-
ism. Vitamin B12 deficiency in hypothyroid patients 
may also be due to other causes, including inadequate 
intake or altered intestinal absorption due to sluggish 
bowel motility, bowel wall oedema and bacterial over-
growth.

Hypothyroidism may be associated with perni-
cious anaemia as part of the autoimmune polyglan-
dular endocrinopathy.13 Vitamin B12 deficiency may 
occur as a result of autoimmune pernicious anaemia, 
malabsorption, malnutrition or use of drugs includ-
ing proton-pump inhibitors, H2 receptor antagonists 
or metformin.14,15 Metformin can cause malabsorption 
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secondary to its effect on ileal mucosa or membrane 
receptors.16,17 Proton Pump Inhibitors and H2 recep-
tor antagonists cause gastric hypochlorhydria and 
malabsorption of vitamin B12. Untreated helicobacter 
pylori infection is occasionally associated with B12 de-
ficiency.10-12 In our study we found no association 
between use of drugs and B12 deficiency, although the 
numbers may not have been large enough to demon-
strate this association. Intrinsic factor and gastric pa-
rietal cell antibody assays were not available locally at 
the time of the study, hence the occurrence of B12 de-
ficiency in hypothyroid patients, it was not possible to 
determine the underlying etiology of this association.

Clinical signs of vitamin B12 deficiency may take 
longer to manifest and often affected patients are as-
ymptomatic for several years. Occasionally, haemato-
logical or neuropsychiatric manifestations may present 
as early markers of deficiency but many non-specific 
complaints are attributed to ageing. 

Hypothyroid and B12 deficient patients often have 
common symptoms of weakness, lethargy, memory 
impairment, numbness and tingling.We noticed that 
several patients, despite being on adequate thyroxine 
replacement, had persistent symptoms and subse-
quently were found to be B12 deficient.

Metabolism of homocysteine and methyl-melonyl 
acid (MMA) involves cobalamin, thus both MMA and 
homocysteine levels increases in vitamin B12 defi-
ciency.18,19

Nitric oxide 
Nitrate is a competitive inhibitor of iodide (I) up-

take at the thyroidal sodium-iodide symporter (NIS).20 

Nitrate, nitrite, and nitric oxide (NO) are the oxidized 
species of nitrogen available for biological uptake.21 
Green leafy vegetables contain nitrate, and it is also 
added to foods as a preservative. Owing to the use of 
nitrate as an agricultural fertilizer and another atmo-
spheric release of nitrogen oxides, environmental ni-
trogen emissions have increased enormously, leading 
to an increase in the nitrogen concentrations of sur-
face waters as a potential water pollutant. 22

NO is produced endogenously from L-arginine by 
the NO synthases (NOS) enzyme family, mainly in 
vascular endothelial cells.23,24

Thyroid hormones (THs) influence endothelium 
and directly rise NO production in vascular smooth 
muscle cells through the phosphatidylinositol 3-ki-
nase/protein kinase B (PI3K/Akt) signallingpathway.25

Direct measurement of this ubiquitous free rad-
icalsignalling molecule is impossible due to its short 
half-life (< 0.1 s).26 Hence, NO metabolites (nitrite + 
nitrate = NOx) are measured as indirect markers of 
serum NO synthesis in vivo.27,28

Recent evidence shows the role of NO in the regu-
lation of thyroid function, vascularity and blood flow. 
29,30Most of the studies focused on the disrupting ef-
fects of nitrate on the thyroid axis have considereddi-
et and drinking water nitrate level rather than serum 
NOx concentration.31,32

In limited low sample size human studies, serum 
NOx concentration measurement in subjects with thy-
roid dysfunction reveals controversial results. 33,34As far 
as we know, however, few studies indicate the correla-
tion between serum NOx and changes in THs in an ep-
idemiologic setting. Also, there is increasing evidence 
of the beneficial effects of high nitrate diets on hyper-
tension control, diabetes mellitus management, etc. 35,36

Some other studies, in which serum NO level was 
evaluated in hypoand hyperthyroid individuals, have 
shown controversial results. 

Verma et al. 37 showed higher serum NO levels in 
hypothyroid individuals in India, which was similar to 
Atta et al. 38 and Coria et al. studies 39 conducted on hy-
pothyroid cases, respectively. In contrast, other studies 
showed lower serum NO levels40or no nitrate changes 
in hypothyroid patients.41

Folic acid 
Folate, also known as vitamin B9 and folacin, is 

one of the B vitamins.42 Manufactured folic acid, 
which is converted into folate by the body, is used as 
a dietary supplement and in food fortification as it is 
more stable during processing and storage.43Folate is 
required for the body to make DNA and RNA and 
metabolise amino acids necessary for cell division.44 

As humans cannot make folate, it is required in the 
diet, making it an essential nutrient.It occurs naturally 
in many foods.45

Folic acid deficiency, administration of folate an-
tagonists such as methotrexate and carbamazepine 
and disturbance of methionine metabolism after hy-
pothyroidism have been suggested as the reasons of 
rising in serum homocysteine levels.46

A decrease in the rate of homocysteine metabolism 
and diminution of its renal excretion was reported in 
patients with hypothyroidism.47,48 It has been report-
ed that treatment with levothyroxine reduces serum 
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homocysteine levels.49 With regard to the role of fo-
lic acid in the homocysteine metabolic cycle as well 
as low serum folic acid levels in patients with hypo-
thyroidism, it seems that the addition of folic acid to 
levothyroxine may decrease serum homocysteine lev-
els more efficiently.50

Discussion 
The levels of TSH of hypothyroid patients show 

a significant increase in comparison to normal indi-
viduals. Hypothyroid patients had significantly lower 
levels of serum total T3 and T4. The mean serum vi-
tamin B12 and folate were also significantly decreased 
as compared to normal. In the case of serum ferritin, 
the level was observed lower in comparison to normal.

Haematological and neurological abnormalities 
may coexist, be independently found, or be very un-
certain. Even in asymptomatic patients, the first sign 
may be the detection of vitamin B12 deficiency.51

Patients with both hypothyroidism and vitamin 
B12 deficiency also have similar symptoms. Symp-
toms such as fatigue, weakness, dementia, depres-
sion, memory impairment, lethargy, and tingling are 
frequently seen in patients with hypothyroidism and 
vitaminB12 deficiency.

Vitamin B12 deficiency increases homocysteine 
levels52 and a relationship is known to exist between 
hyperhomocysteinemia and the development of ath-
erosclerosis. Several studies have shown a relationship 
between hypothyroidism and homocysteine levels. 
Thus, if vitamin-B12 deficiency is overlooked in hy-
pothyroid patients it may increase cardiovascular risk 
through hyperhomocysteinemia.53

Screening for B12 deficiency should be undertak-
en early in the diagnosis of hypothyroidism and pe-
riodically thereafter. Patients should be followed and 
evaluated for suggestive symptoms. Surrogate markers 
including anaemia and macrocytosis cannot be relied 
upon to select out likely B12 deficient individuals. Ini-
tiation of early therapy will prevent the long term se-
quele of vitamin B12 deficiency.

Serum NOx level was within the normal range for 
the general population in our participants. Neither 
was any association demonstrated between serum 
NOx concentration and incidence of clinical and sub-
clinical hypothyroidism in euthyroid participants at 
the end of the follow-up.serum nitrate at normal levels 
in humans is not potent enough to reduce TH produc-
tion in iodine-sufficient areas.

The results of the present study suggest that com-
bination therapy with levothyroxine plus folic acid will 
diminish serum homocysteine level more effectively; 
so, this treatment regimen is preferable to levothyrox-
ine alone in hypothyroidism. Folic acid is an easily 
available, safe, and low-cost drug. Its administration 
along with levothyroxine can lessen the risk of cardio-
vascular disease by decreasing serum homocysteine 
level in hypothyroidism.

CONCLUSION
Vitamin-B12 deficiency should be investigated in 

patients with autoimmune hypothyroidism at the time 
of diagnosis and during periodic follow-ups, and sup-
plementation should be performed in those who need 
it.The results of the present study suggest that combi-
nation therapy with levothyroxine plus folic acid will 
diminish serum homocysteine level more effectively; 
so this treatment regimen is preferable to levothyrox-
ine alone in hypothyroidism. Folic acid is an easily 
available, safe, and low-cost drug. Its administration 
along with levothyroxine can lessen the risk of cardio-
vascular disease by decreasing serum homocysteine 
levels in hypothyroidism.
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