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Abstract 

Goitre is commonly caused by a lack of iodine in the diet. This condition is particularly prevalent in high-altitude areas 
where iodine deficiency is common. Here we speculate that inorganic nitrate, the oxidation product of nitric oxide, 
which is generated endogenously at very high levels in highlanders, further increases the risk of goitre and thyroid 
dysfunction in this population by inhibiting the transport of iodide into the thyroid gland. Indeed, it is well-known 
that nitrate and iodide compete for such transport. While iodine scarcity is a primary cause of goitre, the excessive 
nitrate levels in highlanders may further hinder iodide transport, exacerbating the problem.
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Sir,

The causes of goitre are multifold but a lack of iodine 
 (I2) in the diet is common worldwide [1]. People living 
at high altitudes are at greater risk of goitre and prior 
to the controlled introduction of iodine supplementa-
tion through salt, oil and some other vehicles, the inci-
dence in some Himalayan areas could approach 100% in 
the younger population [2]. Iodide  (I−), the ionic form of 
iodine, is an essential element of thyroid hormones and is 
actively transported into the thyroid gland via a specific 
transporter, the sodium/iodide symporter, in a process 
also dependent on ATP, iron and magnesium. It is known 
that such transport occurs in competition with some 
other anions including thiocyanate  (SCN−) and nitrate 
 (NO3

−) [3]. Diets rich in such compounds are sometimes 
referred to as goitrogenic, as they may lead to a decreased 
transport of iodide with resulting goitre and thyroid dys-
function [3, 4]. Nitrate is not only found in our diet, it is 

also generated endogenously being an oxidation product 
of nitric oxide (NO) [5]. A report published some years 
ago showed that endogenous NO generation by endothe-
lial NO synthase (eNOS) is exceptionally high in Tibetans 
[6]. In fact, plasma levels of nitrate in these highland-
ers are more than 10 times higher than in lowlanders 
and it was speculated that such massive NO produc-
tion helps to offset high-altitude hypoxia and to achieve 
normal oxygen delivery through the vasodilatory effects 
of NO [6]. We speculate that the persistently high circu-
lating levels of nitrate in highlanders may come with an 
unwanted side effect, namely inhibition of iodide trans-
port and increased risk of goitre and thyroid dysfunc-
tion (Fig.  1). This may help to explain why historically, 
endemic goitre has classically been seen in high-altitude 
areas [2]. In addition, the constant exposure to hypoxia 
may also affect mitochondrial function which could indi-
rectly affect iodide uptake through ATP-dependent pro-
cesses. While a scarcity of dietary iodine remains the 
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major factor explaining endemic goitre, the additional 
mechanism discussed here may contribute, in particular 
in highlanders. In a situation with already little iodine 
coming from the diet, the endogenously-derived nitrate 
may become overwhelming, thereby further preventing 
transport of iodide into the thyroid gland for production 
of thyroid hormones.

Authors’ contributions
Both authors conceived the study and together wrote the letter.

Funding
We have received grants from the Swedish Research Council (VR) and the 
Swedish Heart and Lung Foundation (HLF).

Availability of data and materials
N/A.

Declarations

Ethics approval and consent to participate
N/A.

Consent for publication
Both authors gave their consent to publish this article.

Competing interests
The authors declare no competing interests.

Received: 26 June 2023   Accepted: 24 September 2023

References
 1. Zimmermann MB, Boelaert K. Iodine deficiency and thyroid disorders. 

Lancet Diabetes Endocrinol. 2015;3:286–95. https:// doi. org/ 10. 1016/ 
S2213- 8587(14) 70225-6.

 2. Ramalingaswami V, Subramanian TA, Deo MG. The aetiology of Himalayan 
endemic goitre. Lancet. 1961;277:791–4.

 3. Knudsen N, Laurberg P, Perrild H, Bulow I, Ovesen L, Jorgensen T. Risk fac-
tors for goiter and thyroid nodules. Thyroid. 2002;12:879–88. https:// doi. 
org/ 10. 1089/ 10507 25027 61016 502.

 4. Mukhopadhyay S, Ghosh D, Chatterjee A, Sinha S, Tripathy S, Chandra 
AK. Evaluation of possible goitrogenic and anti-thyroidal effect of 
nitrate, a potential environmental pollutant. Indian J Physiol Pharmacol. 
2005;49:284–8.

 5. Lundberg JO, Weitzberg E. Nitric oxide signaling in health and disease. 
Cell. 2022;185:2853–78. https:// doi. org/ 10. 1016/j. cell. 2022. 06. 010.

 6. Erzurum SC, Ghosh S, Janocha AJ, Xu W, Bauer S, Bryan NS, Tejero J, 
Hemann C, Hille R, Stuehr DJ, et al. Higher blood flow and circulating NO 
products offset high-altitude hypoxia among Tibetans. Proc Natl Acad Sci 
U S A. 2007;104:17593–8. https:// doi. org/ 10. 1073/ pnas. 07074 62104.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Fig. 1 Historically, goitre has been common in highland areas 
where it could become endemic. This is mainly because the soil 
is poor in iodine but another mechanism may also be in play. 
Endogenous generation of nitric oxide (NO) is exceptionally high 
in highlanders due to continuous high activation of endothelial 
NO synthase (eNOS) in response to the low oxygen at these altitudes. 
In the body NO is rapidly converted to nitrate  (NO3

−), an anion known 
to compete with iodide  (I−) for uptake in the thyroid gland. Here we 
propose that the high susceptibility to goitre in highlanders may 
be partly related to the persistently high endogenous formation 
of NO and nitrate in these populations
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