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It is well established that there are regional variations in

dietary iodine intake with consequent differing preva-

lences of iodine deficiency disorders (IDD)1. Traditionally,

North America and Japan were judged to be iodine

replete, while other regions, such as parts of Europe,

Africa, Asia and South America, showed a variation in

patterns of IDD2. Since theWHO reports of 1960 and 1994,

improvements in iodine intake have been effected mainly

as a result of salt iodisation programmes1. However, in

other countries, notably in the USA and Australia, iodine

intake as assessed by urinary iodine (UI) excretion has

been reported to be in decline3–5. Recent reports6,7

suggest that the fall in dietary iodine intake in the USA, at

least in terms of the UI concentration, may have stabilised

as the population UI concentration in 2000 was reported to

be 161mg per l7, while the value in pregnant women was

149mgper l6. Nonetheless, 9% of pregnant women had a

UI concentration ,50mg l21, suggesting an iodine

deficiency.

The decline in iodine intake in the general population of

the United States between the first National Health and

Nutrition Examination Survey (NHANES I) and the

NHANES III5 was also seen in pregnant women. However,

it was noted that pregnant women tended to have a higher

UI excretion when compared with the general population

as shown by a lower prevalence of UI concentrations

,50mg l21: 1.0 vs. 3.9% in NHANES I and 6.9 vs. 14.9% in

NHANES III in pregnant women when compared with the

general population in both the surveys. This may reflect

the increase in UI concentration during pregnancy which,

it was suggested, results from an increased glomerular

filtration rate8, a phenomenon that was confirmed

later9–11. An increased UI concentration during pregnancy

is not a universal finding as both lower and unchanged

values have been reported12. These regional differences in

UI excretion may reflect a UI threshold above which

iodine leakage occurs, the so-called ‘iodostat’13. In iodine

deficiency, this threshold may not be reached, while in an

area where the population are iodine replete, the

threshold may be obscured9,10. It has further been

suggested that iodine losses in pregnancy may contribute

to a negative maternal iodine balance13–15.

These findings are particularly relevant in posing

questions about the correlation between the UI concen-

tration and the thyroid hypofunction or hypothyroxine-

mia7. In NHANES III, otherwise normal individuals may

have been excreting at the time of study a concentration of

iodine less than 50mg l21, a value believed to indicate

iodine deficiency, but this may not necessarily reflect long-

term patterns16. In the absence of iodine supplementation,

the ability to maintain adequate thyroid hormone

production may depend on a woman’s thyroid hormone

stores before conception. These, in turn, reflect long-term

dietary iodine intake or previous parity, as it has been

shown that multiparous women have larger thyroids than

women who have only had one pregnancy8,9. This

suggests that the thyroid gland may have been undergoing

pregnancy-related stress17 manifested as an increased

thyroid volume, increased serum thyroglobulin (Tg)

concentration and a decreased serum-free thyroxine

concentration. This so-called ‘thyroid stress’ can be

prevented if iodide is administered during pregnancy18,19.

Although the richest potential dietary sources of iodine

come from marine flora and fauna, iodised salt forms a

significant source of iodine for people in many countries.

However, universal salt iodisation has not been

implemented in many countries, while in others

implementation is voluntary1. In European nations, only

27% of households routinely consume iodised salt. In the

absence of iodised salt, the intake of iodine is therefore

opportunistic. In northern Europe, milk has been shown

to be a major source of dietary iodine intake. However,

agricultural practices arising from climatic conditions, for

example when cattle are brought in from pasture during

the winter months and fed on dietary supplements

containing iodine, cause the concentration of iodine in

milk to show a seasonal variation so that both the milk

iodine and the UI concentration of humans who consume

milk are relatively low during the summer months and

increase during the winter months20–22. Whether this has

implications for the iodine status of mothers is unclear.

Recent unpublished studies in Ireland and the UK suggest

that the concentration of iodine excreted in urine by

pregnant women is declining, and this may have

implications for maternal and foetal thyroid function.

Despite its inadequacies, the measurement of UI

excretion during pregnancy continues to provide the

most readily available indicator of iodine deficiency1.

Other techniques, such as the measurement of thyroid

volume or the concentration of Tg in serum, may not be

readily available or may be too expensive. Another index

of iodine deficiency is the number of borderline high

concentrations of thyroid-stimulating hormone (TSH)

observed in the course of neonatal screening for
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congenital hypothyroidism23. As with measuring the

serum Tg concentration, the cost of the assay would

prohibit this course as a first-line screening procedure, but

it can be a useful resource if already in place. Both the

variability of UI concentration during pregnancy and the

different ways values are expressed create problems in

using this as an index to estimate the prevalence of iodine

deficiency in pregnancy. However, as in the general

population, the UI concentration can still provide an

indicator of iodine status and demonstrate if a requirement

exists for iodine supplements, specifically directed at

pregnant women. In the absence of such supplemen-

tation, the ability to maintain maternal thyroid hormone

stores that are adequate to sustain optimal foetal

development may depend on thyroid hormone stores

before conception which, in turn, rely on the ready

availability of dietary iodine provided by iodised salt.

References

1 WHO, UNICEF, ICIDD. Assessment of Iodine Deficiency
Disorders and Monitoring Their Elimination. A Guide for
Programme Managers, 2nd ed. Geneva: World Health
Organization, 2001 WHO/NHD/01.1.

2 Delange F, de Benoist B, Pretell E, Dunn JT. Iodine
deficiency in the world: where do we stand at the turn of the
century? Thyroid 2001; 11: 437–47.

3 Dunn JT. What’s happening to our iodine? Journal of
Clinical Endocrinology and Metabolism 1998; 83: 3398–400.

4 Eastman CJ. Where has all our iodine gone? Medical Journal
of Australia 1999; 171: 455–6.

5 Hollowell JG, Staehling NW, Hannon WH, Flanders DW,
Gunter EW, Maberly GF, Braverman LE, Pino S, Miller DT,
Garbe PL, DeLozier DM, Jackson RJ. Iodine nutrition in the
United States. Trends and public health implications: iodine
excretion data from National Health and Nutrition Examin-
ation Surveys I and III (1971–1974 and 1988–1994). Journal
of Clinical Endocrinology and Metabolism 1998; 83: 3401–8.

6 Pearce EN, Bazrafshan HR, He XM, Pino S, Braverman LE.
Dietary iodine in pregnant women from the Boston,
Massachusetts area. Thyroid 2004; 14: 327–8.

7 Smallridge RC, Glinoer D, Hollowell JG, Brent G. Thyroid
function inside and outside of pregnancy: what do we know
and what don’t we know? Thyroid 2005; 15: 54–9.

8 Aboul-Khair SA, Crooks J, Turnbull AC, Hytten FE. The
physiological changes in thyroid function during pregnancy.
Clinical Science 1964; 27: 195–207.

9 Smyth PPA, Hetherton AMT, Smith DF, Radcliff M, O’Herlihy
C. Maternal iodine status and thyroid volume during

pregnancy: correlation with neonatal iodine intake. Journal
of Clinical Endocrinology and Metabolism 1997; 82: 2840–3.

10 Kung AWC, Lao TT, Chau MT, Tam SCF, Low LCK.
Goitrogenesis during pregnancy and neonatal hypothyrox-
inaemia in a borderline iodine sufficient area. Clinical
Endocrinology 2000; 53: 725–31.

11 Brander L, Als C, Buess H, Haldimann F, Harder M, Hanggi
W, Herrmann U, Lauber K, Niederer U, Zurcher T, Burgi U,
Gerber H. Urinary iodine concentration during pregnancy in
an area of unstable dietary iodine intake in Switzerland.
Journal of Endocrinological Investigation 2003; 26: 389–96.

12 Delange F. Optimal iodine nutrition during pregnancy,
lactation and the neonatal period. International Journal of
Endocrinology and Metabolism 2005; 2: 1–12.

13 Dworkin HJ, Jacquez JA, Beierwaltes WH. Relationship of
iodine ingestion to iodine excretion in pregnancy. Journal of
Clinical Endocrinology and Metabolism 1966; 26: 1329–42.

14 Bakker B, Vulsma T, de Randamie J, Achterhuis AM, Wiedijk
B, Oosting H, Glas C, de Vijlder JJM. A negative iodine
balance is found in healthy neonates compared with
neonates with thyroid agenesis. Journal of Endocrinology
1999; 161: 115–20.

15 Smyth PPA. Variation in iodine handling during normal
pregnancy. Thyroid 1999; 9: 637–42.

16 Andersen S, Pedersen KM, Pedersen IB, Laurberg P.
Variations in urinary iodine excretion and thyroid function.
A 1-year study in healthy men. European Journal of
Endocrinology 2001; 144: 461–5.

17 Glinoer D. The regulation of thyroid function in pregnancy:
pathways of endocrine adaptation from physiology to
pathology. Endocrine Reviews 1997; 18: 404–33.

18 Glinoer D, Denayer P, Delange F, Lemone M, Toppet V,
Spehl M, et al. A randomized trial for the treatment of mild
iodine deficiency during pregnancy—maternal and neonatal
effects. Journal of Clinical Endocrinology and Metabolism
1995; 80: 258–69.

19 Antonangeli L, Maccherini D, Cavaliere R, Di Giulio C,
Reinhardt B, Pinchera A, Aghini-Lombardi F. Comparison of
two different doses of iodide in the prevention of gestational
goiter in marginal iodine deficiency: a longitudinal study.
European Journal of Endocrinology 2002; 147: 29–34.

20 Hetherton AM, Smith DF, Gutekunst R, Smyth PPA. Do
variations in dietary intake contribute to the iodine status of a
population without endemic goitre? Experimental and
Clinical Endocrinology 1991; 97: 371.

21 Phillips DIW, Nelson M, Barker DJP, Morris JA, Wood TJ.
Iodine in milk and the incidence of thyrotoxicosis in
England. Clinical Endocrinology 1988; 28: 61–6.

22 Varo P, Saari E, Paaso A, Koivistoinen P. Iodine in Finnish
foods. International Journal of Vitamin and Nutrition
Research 1982; 52: 80–9.

23 Delange F. Screening for congenital hypothyroidism used as
an indicator of the degree of iodine deficiency and of its
control. Thyroid 1998; 8: 1185–92.

Comments 1541

https://doi.org/10.1017/S1368980007360874 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980007360874

