
SUPPLEMENT

Iodine in HumanMilk: A Systematic Review
Daphna K Dror and Lindsay H Allen
US Department of Agriculture, Agricultural Research Service, Western Human Nutrition Research Center, Davis, CA

ABSTRACT

Because infants are born with small amounts of stored intrathyroidal iodine, they depend on human-milk iodine for normal physical and neurologic
growth and development. The mammary gland concentrates iodide; however, there is a lack of consensus on the concentrations of breast-milk
iodine necessary to achieve equilibrium in the infant. The objectives of the present review are to consider trends in breast-milk iodine concentrations
over the course of lactation, to determine which maternal factors or interventions influence breast-milk iodine concentrations, to examine the
association between breast-milk iodine concentrations and infant iodine status, and to identify how newer data contribute to the literature and
inform recommendations for achievingoptimal breast-milk iodine concentrations. A systematic searchof thepublished literaturewas undertakenby
using the US National Library of Medicine’s MEDLINE/PubMed bibliographic search engine. Observational and intervention studies were included
if the research was original, the study had not been included in a previous review, and iodine concentration in human milk was measured at
≥1 time point during the first 12 mo of lactation. Results of the systematic review indicate that breast-milk iodine concentrations vary widely
between populations but are highest in colostrum and decrease gradually throughout the lactation period. Included studies did not replicate
earlier findings of an inverse correlation between breast-milk iodine and perchlorate concentrations. Supplementation with high-dose or daily
iodine during lactation was effective in increasing breast-milk iodine concentrations with some evidence of a dose-response relationship, which is
consistent with findings of earlier supplementation trials in pregnancy and lactation. Although additional and globally representative research is
needed, data suggest that breast-milk iodine concentrations in the range of 150 μg/L during the first 6 mo of lactation would achieve or exceed
infant iodine equilibrium and prevent the developmental consequences of iodine deficiency. Adv Nutr 2018;9:347S–357S.
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Introduction
Iodine deficiency early in life can irreversibly impair neu-
rodevelopment and increase infant mortality (1). Iodine is
needed for the production of thyroid hormone, which is es-
sential for normal physical and neurologic growth and mat-
uration in the first 2 y of life (2–4). Compared with other
age groups, infants are more sensitive to iodine deficiency
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because they have the highest iodine requirements relative to
body weight and only small amounts of stored intrathyroidal
iodine (∼100 μg in a full-term neonate under conditions of
iodine sufficiency) (1, 5). Infant sensitivity is corroborated
by a response of thyroid-stimulating hormone and thyroxine
concentrations to degrees of iodine deficiency that do not af-
fect thyroid function in the general population (6).

Breastfed infants depend on breast-milk iodine to meet
their physiologic needs. It has been speculated that full-term
infants need 15 μg � kg−1 � d−1 to maintain positive iodine
balance (7, 8). Iodide transport and uptake by the mammary
gland are mediated by the sodium-iodide symporter (NIS),
the expression of which increases during lactation (9). The
mammary gland concentrates iodide so that the concentra-
tion of iodine in human milk is 20–50 times that of plasma
(3). Increased uptake of iodine by the mammary gland com-
pensates for inadequate maternal iodine status at the expense
of maternal iodine reserves (10).

Several reviews on iodine concentrations in human milk
have been published previously (3, 11, 12). These reviews
provided comprehensive summaries of breast-milk iodine
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concentration (BMIC) in studies published since the 1920s,
in lactating women in Europe, Asia, Africa, andNorth Amer-
ica both before and after the establishment of national salt
iodization programs. Given the importance of iodine in early
development and evidence of continued maternal and in-
fant inadequacy in the presence of salt iodization, a num-
ber of newer studies have measured BMIC. The objectives
of the present review were to consider trends in BMIC
over the course of lactation, to determine which mater-
nal factors or interventions influence BMIC, to examine
the association between BMIC and infant iodine status,
and to identify how newer data contribute to the litera-
ture and inform recommendations for achieving optimal
BMIC.

Methods
A systematic search of the published literature from
1 January 2007 to 15 November 2015 was undertaken
by using the US National Library of Medicine’s MED-
LINE/PubMed (https://www.ncbi.nlm.nih.gov/pubmed/)
bibliographic search engine. The date limits were chosen
to identify original research articles that were not included
in the latest review of iodine nutrition in breastfeeding,
which was accepted for publication in 2008 (3). Multiple
PubMed searches were conducted by using various combina-
tions of Medical Subject Heading (MeSH) and title/abstract
keywords.MeSH keywords included “Milk, Human,” “Lacta-
tion,” “Breast Feeding,” and “Colostrum” as well as “iodine.”
Title/abstract keywords included “lactation,” “breastfeed-
ing,” “breast feeding,” “breast-feeding,” “breastmilk,” breast
milk,” “breast-milk,” “human milk,” “colostrum,” and “io-
dide” and “iodine.” Filters limited search results to human
studies published in English, French, German, Spanish,
Hebrew, Danish, Norwegian, or Swedish. Two individuals
independently screened unique article titles and abstracts to
identify a list of relevant studies for full-text review. When
opinions differed, a third individual reviewed the abstracts
to resolve the discrepancy by a two-thirds majority. Review
and original research articles were examined for references
to other relevant studies not identified by the initial search.
Studies were included if the research was original and nutri-
ent concentrations in humanmilk were measured at≥1 time
points during the first 12 mo of lactation. Results from the
breast milk of mothers who gave birth prematurely or who
had other complicating factors (i.e., malnutrition, disease,
inflammation, or smoking) were included. Exclusion criteria
were animal studies, case studies, studies that measured
nutrient status in serum but not breast milk, and studies
referenced in a previous review. By using this strategy, a total
of 14 original research studies were identified (Figure 1).
Risk of bias was assessed at the individual study level through
review of methods, data analysis, and reporting (Table 1).
The principal summary measure was median or mean BMIC
at various stages of lactation or in intervention and control
groups.

Results
Description of included studies
Of the 14 studies included in the systematic review (Table 1),
5 were conducted in populations of lactating women in the
United States (17, 19–22), 4 in Asia (China, South Korea, and
Thailand) (16, 23, 25, 26), 3 in Western Europe (Denmark,
Spain, and Switzerland) (13, 14, 18), 1 in New Zealand (24),
and 1 in Northern Africa (Morocco) (15). In 3 of the studies
at least a subset of the subject base was recognized to have a
high population prevalence of iodine deficiency or endemic
goiter (15, 23, 24), whereas in 1 study maternal excess iodine
consumptionwas a concern (16). Salt iodization policieswere
in place inmost countries during the time of the studies, with
the exception of South Korea where dietary iodine intake is
high, especially during lactation (16), andMorocco (15). Five
studies included in the review collected data on household
use of iodized salt (14, 15, 17, 20, 24).

Five of the 14 included studies measured iodine concen-
trations longitudinally at 2–8 time points spanning periods
from colostrum through 9mo of lactation (15, 16, 19, 24, 26).
Among the longitudinal studies 2 were supplementation tri-
als, both involving a control group (15, 24). The remainder
of included studies were cross-sectional andmeasured BMIC
either at a specific lactation time or stage or at any point dur-
ing lactation.

Sample sizes of included studies (with the use of baseline
n for longitudinal studies) ranged from 13 to 239 with a me-
dian of n = 76 (IQR: 20–107). Although a few studies had
strict breast-milk sampling protocols involving multiple col-
lections per day over 3–9 d, alternating between fore- and
hindmilk (17, 20), the majority were casually collected sam-
ples of 5–120 mL. No study protocols involved full breast ex-
pression. Potential sources of bias in individual studies are
described inTable 1. These include small sample size,method
and timing of breast-milk collection, methodologic limita-
tions leading to over- or underestimation of iodine, and se-
lection bias based on known conditions.

Breast-milk iodine concentrations over the course
of lactation
Because of substantial regional variations attributable to in-
take patterns, soil iodine quality, and uncertainty inmeasure-
ment accuracy, trends in BMIC over the course of lactation
are best interpreted through longitudinal studies in unsup-
plemented women (Figure 2). Of the 5 longitudinal studies
that included, at minimum, a control group without mater-
nal iodine supplementation, 2were conducted in populations
with poor iodine status (15, 24), 2 in populations deemed
to be iodine replete (19, 26), and 1 in a South Korean pop-
ulation with a high dietary iodine intake (16). Of 3 studies
that measured BMIC in early lactation (≤1 wk postpartum)
(16, 24, 26), the 2 with higher initial concentrations showed a
sharper decrease in concentration from colostrum to mature
milk (16, 26). A gradual decline in mature BMIC at ≤9 mo
of lactation was observed across longitudinal studies (15, 16,
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FIGURE 1 Flow diagram of studies considered for inclusion in the systematic review.

19, 24, 26), with one study reporting a 40% decrease in BMIC
from 1 to 24 wk of lactation in unsupplemented women (24).

Cross-sectional data also showed decreases in BMIC dur-
ing lactation. In Thailand, 56% compared with 28% of
women had BMICs ≥150 μg/L in the first month compared
with later in lactation (P = 0.004), whereas in China, 64.6%
compared with 24.5% of women had BMICs ≥150 μg/L at
<6 mo compared with at >6 mo of lactation (P < 0.01) (23,
25). Another cross-sectional study in Switzerland found no
significant difference in BMICs measured at 6 and 12 mo of
lactation (14).

Factors affecting BMIC
One study found a positive correlation between BMIC
and maternal urinary iodine concentration (UIC), which
was stronger when adjusted for creatinine (13), whereas
another found a weak but significant positive correlation
between colostrum iodine concentration and creatinine-
adjusted UIC. BMIC was not significantly correlated with

maternal UIC, unadjusted for creatinine, in a study con-
ducted in China (25).

In South Korea, lactating mothers with assumed io-
dine intakes >2000 μg/d had BMICs in the range of
822–2529μg/L between 1 and 6 wk of lactation (16). In com-
parison, measured BMICs in a Moroccan population with
moderate to severe iodine deficiency were<50μg/L during a
similar period of lactation (15). Two studies failed to find a
correlation between BMIC and iodine intake at 1–3 mo of
lactation in populations with calculated intakes below rec-
ommended levels (19) or with a history of prevalent iodine
deficiency disorders (23).

A cross-sectional study in lactating women in the United
States found significantly higher BMICs in 7 women who
used iodized salt than in 6 women who used noniodized salt
at various stages of lactation (P < 0.03) (20). In Thailand,
the frequency of iodine-fortified egg consumption but not
the use of iodized salt or iodized fish sauce significantly im-
proved the OR of BMICs ≥150 μg/L (23). Despite the pres-
ence of salt iodization, the mean BMIC in well-nourished
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FIGURE 2 Breast-milk iodine concentrations in longitudinal
studies in unsupplemented women. Values are means at each time
point within a study. *Indicates presence of salt iodization, either
stated in the text or based on national salt iodization data (27).

unsupplemented women was <100 μg/L at all time points
in 5 studies (13, 14, 20–22).

Perchlorate, a widespread environmental contaminant
that has been detected in breast-milk samples, acts as a com-
petitive inhibitor of the NIS in the lactatingmammary gland.
No correlationwas found between colostrum iodine and per-
chlorate concentrations in the study by Leung et al. (21), nor
were daily oral supplements of 150 μg I taken in the morn-
ing or the evening effective at altering the perchlorate con-
centrations of breast milk (20). The results of a small but
well-designed study by Dasgupta et al. (17) suggested amuch
lower selectivity factor of perchlorate over iodine by the NIS
than previously reported in the literature; however, the study
also found that 21% ofmaternal iodine intake but 56% of per-
chlorate intake are excreted in breast milk.

BMICs were significantly lower at 5–11 d of lactation in
women who underwent a cesarean delivery than in women
who had a vaginal delivery (26). In one study subset of 13
women, a small but significantly higher BMIC was measured
in a sample collected before rather than after breastfeeding
(13). Another study found a slight inverse correlation be-
tween BMIC and maternal age (23).

Effect of supplementation
Of 3 supplementation trials included in the review, 2 were
randomized controlled trials (RCTs) conducted in popula-
tionswith poor iodine status (15, 24), 1with a placebo control
(24). The third was a crossover design in a well-nourished
population (20). One RCT involved a single high-dose ma-
ternal supplement of 400 mg I delivered orally during early
lactation (15), and the second involved daily supplemen-
tation with 75 or 100 μg I from delivery through 24 wk
of lactation (24). In both studies, BMIC was significantly
higher in the treatment than in the control groups at all
measured time points through 6–9 mo of lactation. In the
third study, no differences in BMIC were found between 3-d

periods of no supplementation, 150μg I in the morning, and
150 μg I in the evening (20).

In 2 studies that evaluated a dose-response relation of
postpartum supplementation, BMIC was higher in women
taking greater quantities of iodine in daily supplements.
In the study by Mulrine et al. (24), BMICs were 1.3 and
1.7 times higher in women supplemented with 75 and
150 μg I/d, respectively, than in controls from delivery
through 3 mo of lactation. Twenty-four-hour breast-milk io-
dine excretionwas significantly higher inwomen taking 150–
175μg I/d frompostpartummultivitamin supplements com-
pared with those taking 45 μg/d in an observational study
in Denmark (P = 0.048) (13). In another study, BMIC did
not differ between women who did or did not use iodine-
containing multivitamin supplements in pregnancy or lacta-
tion (23). Peak BMIC occurred 6 h after a single oral 456-μg
iodide load (as potassium iodide) in lactating mothers (22).

Relation between BMIC and infant UIC
Two studies included in the review found a significant posi-
tive correlation between BMIC and infant UIC, the primary
indicator of infant iodine status (14, 25). Supplementing lac-
tatingmothers with 400mg I wasmore effective at improving
infantUIC than supplementing infants with 200mg I directly
(15). In the study byKirk et al. (20), infant UIC exceeded esti-
mated iodine intake from BMIC. The authors suggested that
iodine-containing infant care products may have contami-
nated urine samples or contributed to UIC via transdermal
absorption.

Comparison with previous data
The time trends in BMIC shown in the longitudinal studies
in the present review agree with data from 3 earlier stud-
ies in Italy, South Korea, and Germany (Figure 2) (28–30),
although these studies followed women at most through
3 mo of lactation. In a fourth previous study conducted in
Italy, BMICs increased significantly from colostrum (2–5 d)
to transitional (6–10 d) and mature (11–32 d) milk, but con-
centrations were low (<60 μg/L) at all time points, the sam-
ple size was small (n= 23), and intraindividual variationmay
have contributed to the observed trend (5).

Few studies have measured iodine intake quantitatively;
however, consistent with the results of the present review,
higher BMICs have been reported in areas of iodine suffi-
ciency than in regions endemic for goiter (31–34). BMIC in
individual mothers with goiter may or may not be depressed,
reflecting a compensatory mechanism for iodine uptake by
the mammary gland (3, 10). Iodized salt intake has been cor-
related with BMIC previously (35). Despite some evidence of
an inverse association between BMIC and breast-milk per-
chlorate at perchlorate concentrations >10 μg/L (36), the
lack of correlation shown in the present review is corrobo-
rated by the finding of a previous study (37).

Other maternal factors that may influence BMIC have
been considered in recent as well as in earlier research. A
correlation between BMIC and maternal UIC is inconsistent
but more likely in regions of iodine sufficiency (3). Several
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studies, including those in the present review, have found
a positive correlation between BMIC and UIC adjusted for
creatinine in well-nourished populations (13, 21, 37, 38). De-
spite considerable diurnal variation in BMIC (39), no consis-
tent trends have been shown by time of day, fore- or hind-
milk, left or right breast, or season (3, 14). BMIC does not
differ significantly in mothers of preterm or term infants (5).
In contrast to the results of the Thai study included in the
present review (23), a slight but significant positive corre-
lation of BMIC with maternal age was found in one previ-
ous study (37), whereas no correlation was found in a second
study (40). The maternal age range of 16–45 y was similar
across these studies. Cigarette smokingwas found to decrease
BMIC in 2 studies (37, 41).

Three iodine supplementation trials in pregnancy, lacta-
tion, or both were published before the period of the present
review. Two studies in which women were supplemented
with 100–200 μg I/d from the second trimester of preg-
nancy through delivery (42) or lactation (43) found signif-
icantly higher colostrum iodine concentrations in supple-
mented mothers than in unsupplemented controls, which
is consistent with results of the 2 lactation supplementa-
tion RCTs included in the present review. In the third study,
womenwho received 116μg potassium iodide daily fromde-
livery through 3 mo of lactation did not have significantly
different BMICs than did controls, although the sample size
was small (n = 22) and the analytical methods were poorly
described (28).

BMICs were higher in women taking daily multivita-
min supplements that contained iodine during pregnancy
or lactation than in those who did not in several previous
studies (13, 30, 44). However, this finding was not corrob-
orated by Bader et al. (45) in a small cohort of German
women in early lactation. On the basis of dietary intake data,
the authors concluded that women not taking supplements
made a greater effort to obtain adequate iodine from dietary
sources.

Discussion
According to the findings of the present systematic review as
well as previous data, BMICs are widely variable across popu-
lations, which is likely influenced by habitual and recent ma-
ternal iodine intake and status. BMIC is highest in colostrum
and decreases throughout lactation. The rate of concentra-
tion decline is most rapid in early lactation, especially in
women with a higher initial BMIC. Environmental contami-
nants such as perchlorate and thiocyanate act as competitive
inhibitors of iodine uptake by the mammary gland; however,
an inverse correlation between BMIC and perchlorate has
been observed previously only at high breast-milk perchlo-
rate concentrations (>10μg/L) andwas not replicated in this
review. Aside from smoking, which produces thiocyanate,
other maternal factors and breastfeeding practices evaluated
are not consistently associated with BMIC. Supplementation
with high-dose or daily iodine during lactation is effective
at increasing BMIC, with some evidence of a dose-response
relation. The correlation between BMIC and infant UIC

suggests that interventions to improve BMIC would have a
positive impact on infant iodine status.

There is no scientific consensus on the optimal BMICnec-
essary to meet infant iodine requirements, which are them-
selves poorly defined. The Adequate Intake levels established
by the Food and Nutrition Board of the Institute of Medicine
are 110 μg/d for infants aged 0–6 mo and 130 μg/d for in-
fants aged 6–12 mo (46). The basis for these recommenda-
tions is a single study published in 1984 that collected 61
samples from 37 US lactating women between 14 d and 3.5 y
postpartum and found a wide range of iodine concentrations
in breast milk (29–490 μg/L; mean: 178 μg/L) (35). In con-
trast, a technical consultation of the WHO recommended
intakes of 90 μg I/d up to the age of 2 y, although related
data on breast milk concentrations were not mentioned (47).
Recently, a crossover dose-response metabolic iodine bal-
ance study in eleven 2- to 5-mo-old healthy, full-term, eu-
thyroid, formula-fed Swiss infants found that a null balance
was achieved at an intake of 70μg/d, although a buffer would
be necessary for the accumulation of thyroidal iodine stores
(48). Infants aged 2 and 4 mo with average breast-milk in-
takes of 0.781 and 0.855 L/d, respectively (49), would need
BMICs of 141μg/L at 2 mo and 129μg/L at 4 mo tomeet the
Institute of Medicine recommendations and BMICs of 115
and 105 μg/L at the same time points to meet the WHO rec-
ommendations. The data of Dold et al. (48) suggest a BMIC
≥92 μg/L to meet an infant’s daily iodine requirement. A
BMIC of 150 μg/L would meet the range of estimated needs
without nearing intakes of >100 μg � kg−1 � d−1, which
have been associated with subclinical hypothyroidism in
infants (16).

In countries or regions where <90% of households con-
sume iodized salt and the median urinary iodine concentra-
tion is <100 μg/L, the technical consultation of the WHO
recommends annual supplementation of women of repro-
ductive agewith 400mg I as iodized oil, or a daily supplement
of 150 μg for nonpregnant and nonlactating women and
250 μg for pregnant or lactating women (47). The Ameri-
can Thyroid Association recommends that all pregnant and
lactating women, regardless of status, take a daily supplement
of 150 μg I to reduce the risk of iodine deficiency disorders
in infants (50). On the basis of data reported in this review,
neither high-dose 400-mg supplemental iodine as iodized
oil (15) nor 150 μg I/d during lactation (24) is sufficient to
achieve a BMIC of 150 μg/L in regions of iodine deficiency.

The present systematic review identified several limita-
tions in the existing data. It has been shown that the col-
orimetric assay for iodine in breast milk, which was used in
6 of the included studies (13, 16, 21, 22, 24, 25), is unreli-
able (51, 52). Inductively coupled plasma MS is considered
the gold standard for iodine analysis (53); this method was
used in 6 of the studies (14, 15, 17, 18, 20, 26). It is possi-
ble that analytical inaccuracy may have contributed to the
wide range of BMICs observed. In addition, most studies
failed to collect dietary data, which would have contributed
to the interpretation of BMIC. Finally, data on BMICs
are not globally representative and are unavailable from
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South America, Australia, and much of North America and
Africa.

In conclusion, there exists no consensus on optimal
BMIC, in large part because of the debate over iodine require-
ments of infants.Measured concentrations of iodine in breast
milk vary ≤100-fold on the basis of maternal diet, envi-
ronmental factors enhancing or inhibiting iodine availability
in the food supply, salt iodization, maternal supplementa-
tion, and measurement inaccuracies. Although the studies
included in the review add to the knowledge base with re-
gard to BMIC and support the effectiveness of interventions
to achieve a BMIC of ∼150 μg/L, more research is needed
to define and attain an ideal BMIC in well-nourished women
without risking excess. To better understand iodine balance
in lactating mothers and infants, BMIC in exclusively breast-
fed infants should be measured in parallel with maternal
dietary intake and maternal and infant urinary iodine ex-
cretion. Thyroid-stimulating hormone is elevated in iodine-
deficient infants in the first few weeks of life and may be
used as an early indicator of maternal and infant iodine suffi-
ciency. Amore thorough understanding of iodine physiology
during lactation will better enable the prevention and con-
trol of deficiency and its consequences in the mother-infant
dyad.
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