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General concept on iodine

• Iodine is an essential mineral nutrient, mainly involved in thyroid 
metabolism.

• It is essential for kidney, liver and brain metabolism.

• A healthy adult individual contains 15–20 mg of iodine.

• 70–80% of iodine is located in the thyroid gland.

• Iodine deficiency (ID) is frequent worldwide, affecting approximately 
40% of the world’s population.

• Thyroid and iodine metabolism are modified during pregnancy to 
ensure proper maternal and fetal thyroid function
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Why dietary iodine requirements is increased in pregnancy?

• In early gestation the thyroid is stimulated not only by TSH but by 
hCG, which also binds to and stimulates the TSH receptor. 

• High estrogen levels in pregnant women increase TBG concentrations 
by 1.5-fold, resulting an increasing total T3 and T4.

• Requiring an increase in thyroid hormone production in order to 
maintain free thyroid hormone levels. 

• Type 3deiodinase (D3), which inactivates thyroid hormones, is present 
in high concentrations in the placenta.

• Starting at about 20 weeks gestation, the fetus requires iodine supply 
for its own thyroid hormone production.

• The increase in glomerular filtration rate in pregnancy, results in 
increased losses of ingested iodine.





Recommended Iodine Intake (micrograms/day)

Subjects IOM (2001) WHO (2005)

Pregnant women 160 (EAR)

220 (RDA)

250

Lactating women 209 (EAR)

290 (RDA)

250

Infants 6-12 months 110 (AI) 90

Infants 7-24 months 130 (AI) 90
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IOM: Institute of Medicine

WHO: World Health Organization

EAR: Estimated Average Requirement

RDA: Recommended Dietary Allowance

AI: Average Intake

Azizi F, et al. Clin Endocrinol 2009; 70: 803-809.



Method for identification of the iodine status of a population

• Median urinary iodine concentrations can be used to assess population 
iodine status 

• Thresholds for median urinary iodine sufficiency have been identified 
for populations, but not for individuals

• There is a significant day-to-day variation of iodine intake.

• Population iodine sufficiency is defined by median urinary iodine 
concentrations 100–199 µg/l in non-pregnant adults. 



The median urinary iodine concentration for
classification of the iodine status of pregnant and
lactating women and children

Subjects UIC (µg/l) Category

Pregnant women <150 

150–249 

250–499 

≥ 500

Insufficient

Adequate

More than adequate

Excessive

Lactating women < 100

≥ 100

Insufficient

Adequate

Children < 2 years old < 100

≥ 100

Insufficient

Adequate
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WHO, United Nations Children’s Fund, and ICCIDD. 3rd ed. Geneva, Switzerland: 2007.

Azizi F, et al. Clin Endocrinol 2009; 70: 803-809.



Criteria for Assessing Iodine Nutrition in Pregnant Women

Median Urinary Iodine 

(MUI)  (µg/L)
Iodine Intake

≥ 500 Excessive

250～499 More than adequate

150～249 Adequate

100-149 Mild insufficient

50-99 Moderate  insufficient

<50 Sever  insufficient

WHO, 2011



Importance of iodine in brain development 

90 % of human brain development occurs between 

3rd month of pregnancy & 3rd year of life

(Critical period)





During fetal life

• First half:  Fetus depend on maternal thyroid hormones

• Second half: Fetus thyroid function increase due to Axis development
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Mild to moderate iodine deficiency during 
pregnancy

• The potential adverse effects are uncertain

• Inability to distinguish between the persistent effects of fetal iodine deficiency and 

the ongoing effects of iodine deficiency in childhood and adolescence.

• Inability to distinguish between the effects of iodine deficiency per se and its 

combination with hypothyroidism.

• Not reported the subgroup analysis according to the severity of iodine deficiency.

• Heterogenicity in observational and interventional studies studies
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• UIC of 50 to 100 μg/L

moderate insufficient; UIC of

100 to150 mild insufficient.

• The incidence of pregnancy

termination, preterm birth,

congenital malformations,

low birth weight, and

cesarean section did not differ

significantly

















Iodine Deficiency and Intelligence Quotient (IQ)

 The brain and pituitary T3 level appears to be very sensitive to iodine deficiency as its
level falls below the normal level even in mild or moderate iodine deficiency.

 Several meta-analyses have concluded iodine deficient populations have 13.5, 8-10, 8.7-
12.5 and 6.9-10.2 IQ points lower than iodine replete populations.

24Bleichrodt N, Born PM. The Damaged Brain of Iodine Deficiency: New York, NY, USA, 1994; pp. 195–200.

Verhoef H, et al. Micronutrient Deficiencies in the First Months of Life: Basel, Switzerland, 2003; pp. 327–357.

Qian M, et al. Asia Pac. J. Clin. Nutr. 2005; 14, 32–42.

Bougma K, et al. Nutrients 2013; 5, 1384-1416.



• Mother–child pairs from the Avon Longitudinal Study of Parents and 
Children (ALSPAC)(n=1040)

• Measuring urinary iodine concentration in stored samples. 

• Measure of intelligence quotient (IQ) in the off spring at age 8 years.

• Iodine deficiency was defined as 150 μg/g 

• Adjusted for 21 socioeconomic, parental, and child factors variables.

• Children of those ID were more likely to have

 Scores in the lowest quartile for verbal IQ (odds ratio 1·58, 95% CI 1·09–2·30)

 Reading accuracy (1·69, 1·15–2·49)

 Reading comprehension (1·54, 1·06–2·23; p=0·02)







Women with only a mild-to-moderate iodine deficiency were 

more like to have children

in the lowest 25% of IQ and reading ability. 

●While iodine deficiency in developing countries is a serious nutritional 

problem, it was thought that this was not an issue for the rest of the 

world.   

●This study was performed in the United Kingdom, which was 

thought to be a country with no iodine issues at all. 

Conclusion 





• Population based cohort study: Generation, INMA, ALSPAC

• 6180 mother -child pair

• Child non verbal-verbal IQ at 1.5-8 years

• Mild-moderate iodine deficiency is associated with lower verbal IQ

• Stratification is only significant for those with mild-moderate iodine 
deficiency at GA<14 weeks 



Iodine deficiency &hearing loss

• In animal studies association were observed.

• In humans, auditory impairment is reported frequently in relation to 
hypothyroidism.

• Congenital hypothyroidism has been related more explicitly to 
auditory impairment than acquired hypothyroidism.

• The effect of iodine deficiency on hearing function is likely to be 
largest during pregnancy.

• An association between iodine deficiency and impaired hearing 
function has been found in most of the human observational studies.

• Several non randomized clinical trials reported that iodine 
supplementation resulted in an improvement in hearing.

Azizi F et al1995; Van den Briel et al 2001; Azizi F et al 2005; Melse-Boonstra et al 2013



Subclinical neurologic defects

• Minor neuropsychological defects 

• may be detected by appropriate neuropsychological tests
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Breastfeeding and maternal and infant iodine

• Loss of iodide in breast milk occurs during lactation, causing an 
increase in dietary iodine requirement in the lactating mother.

• The infant needs a supply of iodine for normal thyroid activity, vital 
for brain development in the first 2 years of life.

• The neonatal full-term thyroid gland contains about 100 μg of iodine 
under conditions of iodine sufficiency.

• The supply of iodine to the neonate and infant comes exclusively from

breast in the first 6 months of life in those with exclusive breast feeding.

• Concentration of iodine in human milk is 20–50 times higher than that 
of plasma.

Azizi et al 2009



Active Iodide transport to breast milk

Azizi et al 2009



Iodine Requirement during Lactation

 Milk production: 0.5-1.1 l/day

 In conditions of iodine sufficiency, iodine content of breast milk is 150–180 μg/l.

 Loss of iodine into breast milk: 75-200 μg/day

 Basal iodine requirement: 150 μg/day

 Iodine requirement during breastfeeding: 225-350 μg/day

 Iodine concentration in human milk is approximately 200–400 μg/l in colostrum, but decreases
during the next few weeks
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Azizi F, et al. Clin Endocrinol 2009; 70: 803-809.

Delange F. Int J Endocrinol Metab 2004; 2: 1-12.



• Adequate concentration of iodine in

breast milk is essential to provide for

optimal neonatal thyroid hormone

stores and to prevent impaired

neurological development in breast-fed

neonates.

• Daily iodine intake of 250μg is

recommended for lactating mothers to

ensure that iodine deficiency dose not

occur in the postpartum period.







Iodine Deficiency Disorders in Infants and 
Children

 Infants are at high risk for iodine deficiency because their requirements per
kilogram body weight for iodine and thyroid hormone are much higher than at any
other time in the life cycle.

 Infants may be at particularly high risk for iodine deficiency during the weaning
period.
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Andersson M, et al. J Clin Endocrinol Metab 2010; 95: 5217-5224.



Iodine Deficiency Disorders in Infants and 
Children

 Goiter and hypothyroidism

 Impaired cognitive function

 Impaired psychomotor development

 Attention deficit and hyperactivity disorders

 Autism

 Increased mortality
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Cao XY, et al. N Engl J Med 1994; 331:1739–1744.

Stagnaro-Green A, et al. Thyroid 2011; 21(10): 1081-1125





Take home messages

• Thyroid and iodine metabolism are modified during pregnancy to ensure 
proper maternal and fetal thyroid function.

• Dietary iodine requirements is increased in pregnancy and lactation 
period.

• Mild/moderate iodine deficiency may not be associated with adverse 
pregnancy outcomes.

• Even mild/moderate iodine deficiency affect the neurodevelopment status 
of infants.

• Exclusive breast feeding infants are at risk of iodine deficiency during the 
weaning period.

• Iodine deficiency in breast feeding period is associated with adverse effect 
on the neurodevelopment status of infants.


