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ABSTRACT

In 2001, Dietary Reference Intakes (DRIs) for iodine were set for the different gender and life-stage groups by the Institute of Medicine. Because of

the serious consequences of iodine deficiency for the developing fetus and infant, there is particular interest in further understanding optimal

iodine nutrition and improving the monitoring of iodine status, particularly during infancy, pregnancy, and lactation. This review discusses the

basis for the current DRIs for iodine and the evidence that may be needed for considering and conducting the reevaluation of one or more of the

DRIs. Adv. Nutr. 4: 718–722, 2013.

Introduction
The Office of Dietary Supplements of the NIH organized a
symposium at the 2103 Experimental Biology meeting enti-
tled “Iodine Insufficiency—A Global Health Problem?” and
which has been summarized (1). As part of this symposium,
information was provided on the approach used to set the
current DRIs for iodine (2) and the type of information
needed to consider the reevaluation of these DRIs. This re-
view includes information provided at this symposium. The
DRIs include 4 types of reference intake levels that are set for
the U.S. and Canadian population by the Institute of Medi-
cine: Adequate Intake (AI)3, Estimated Average Require-
ment (EAR), RDA, and Tolerable Upper Intake Level (UL).
DRIs have been established for various age and both gender
groups and are used in part to plan diets for or assess nutri-
ent intake inadequacy of individuals (e.g., the RDA) or
groups (e.g., the EAR) (3,4). The review of the evidence to
establish the DRIs for the various nutrients included infor-
mation on the nutrient’s role in the development of chronic
disease (e.g., AI for potassium) (5), as well as evidence on the
daily needs of a nutrient (e.g., RDA for iodine) (2).

AI for Infants
The AIs for iodine were set at 110 and 130 mg/d for young
(0–6 mo) and older (7–12 mo) infants, respectively (2).
Breast milk was considered to be sufficient in meeting the
iodine requirements during infancy in the United States
and Canada. Therefore, the AI for young infants was set pri-
marily on the basis of the average consumption of iodine by
young infants exclusively fed breast milk using 3 studies
(6–8). Average nutrient consumption was the general ap-
proach used to set the AI for vitamins and minerals during
early infancy. For older infants, the AI for a number of nutri-
ents was determined by extrapolating from the AI for young
infants, as was the case for iodine. The AI of 130mg/d is similar
to the iodine intake range determined by using the 2003–2004
FDATotal Diet Study, which estimated an average intake range
of 144–155 mg/d for infants 6–11 mo of age (9).

A limitation of the use of the AI is that it is not possible to
make any assumption about the extent of intake inadequacy,
whereas the proportion of a group with usual intakes below
the EAR can be used to estimate the prevalence of inade-
quate intakes (4). Because of the importance of iodine in
fetal and infant development, a summary from an NIH
workshop identified the need to replace the AI with an
EAR for iodine during infancy (10). Whereas the EAR could
be used to estimate the prevalence of inadequate intakes in
infants, NHANES currently does not estimate iodine intake
because the USDA Nutrient Data Laboratory does not pro-
vide information on the iodine content of foods. Further-
more, NHANES does not collect nutrient intake data from
breast milk during infancy and sometimes other relevant
sources (e.g., iodine from iodized salt added to foods).
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The FDATotal Diet Study collects information on the iodine
content of ~280 foods; however, the content amount in
foods does not reflect the variability of iodine in different
brands of foods nor iodized salt use in food preparation.
An RDA, used for assessing intakes of individuals, could es-
timate the iodine intake of individual infants without relying
on national survey data. Furthermore, urinary iodine con-
centration is a reliable indicator of intake sufficiency for
groups but not for individuals (11).

Unlike most vitamin and minerals, including iodine,
breast milk was not considered to provide adequate amounts
of iron and zinc to meet the needs of older infants, and
therefore average consumption from breast milk was con-
sidered an inappropriate approach for setting an AI. Because
data for factorial analysis to estimate the daily requirements
of iron and zinc for older infants were available, an EAR,
rather than an AI, was set (1). The U.S. and Canadian gov-
ernment DRI committees have recently posted information
that would be useful in considering the need for a new or
reevaluation of nutrient DRIs (12). One element that is be-
ing considered is whether there is significant, new, and rel-
evant scientific information available for the nutrient of
interest. Similar to iron and zinc, information would need
to be available to indicate that breast milk consumed by
United States and/or Canadian infants does not provide ad-
equate amounts of iodine for young and/or older infants,
and therefore average iodine consumption is an unaccept-
able approach for setting an AI. Furthermore, scientific evi-
dence on daily requirements would need to be available to
determine the EAR for young or older infants, as was the
case for iron and zinc.

EARs and RDAs for Children and Adolescents
An EAR and RDA for iodine were set at 65 and 90 mg/d,
respectively, for children 1–8 y of age (1) using data from
balance studies (13,14). Because of the lack of sufficient ex-
perimental data on older children and adolescents (9–18 y),
the EAR was determined by extrapolating from the adult
EAR based on metabolic body weight. This extrapolation
process was commonly used for setting EARs and RDAs
for children and adolescents due to the lack of experimental
data on nutrient requirements for these age groups. The
EAR and RDA were set at 73 and 120 mg/d for children
aged 9–13 y, respectively, and at 95 and 150 mg/d for adoles-
cents aged 14–18 y of age, respectively.

Evidence was available on the urinary iodine concentra-
tions associated with a 2% prevalence of goiter in children
6–15 y of age (15), which could directly estimate an RDA be-
cause the RDA is an estimate of the requirements for ~98%
of a population group and urinary iodine is a proxy for io-
dine intake. An EAR, however, could not be determined by
using goiter as an endpoint because urinary iodine data as-
sociated with a 50% prevalence of goiter for a group were
not available. It is difficult, if not impossible, to use clinical
endpoints of nutrient deficiency diseases (e.g., goiter), as
well as for chronic disease risk (e.g., coronary heart disease),
for establishing EARs because there seldom exists a high

prevalence of such diseases in the vast majority of a popula-
tion group, which is needed to determine the intake amount
needed to reduce the incidence for 50% of the population
(16).

The estimated average iodine intake range for children
and adolescents was determined by using the FDA Total
Diet Study (2003–2004) (9). Although the distribution of io-
dine intake was not determined, the lower and upper bound
average ranged from 178 to 353 mg/d, suggesting that chil-
dren and adolescents did not consume iodine at amounts
below the EARs of 65 and 73 mg/d, respectively.

EARs and RDAS for Adults
The EAR and RDA of 95 and 150 mg/d, respectively, were set
for adults using data published in the 1950s and 1960s on
thyroid iodine accumulation and turnover as an indicator
for daily iodine needs (17–22). Similar to iodine, most
EARs for vitamins and minerals were based on data that es-
timated average daily needs (e.g., balance data, factorial
analysis, status biomarkers).

For most nutrients for which an EAR could be estab-
lished, the RDA is equal to the EAR plus 2 SDs of the
EAR. Therefore, the RDA was calculated as the EAR plus
twice the CV [i.e., RDA = EAR + 2 (%CV3 EAR)] to cover
the needs of 97–98% of individuals in a gender and life-stage
group. For most nutrients, there was insufficient informa-
tion to calculate a percentage CV, which is used to determine
the RDA. When such information was lacking, the CV was
assumed to be 10% based on the variation in the basal met-
abolic rate (23). A %CV for thyroid iodine accumulation
and turnover could be calculated and was determined to
be 40%. It was assumed that half of this large variation
was due to the complexity of the experimental design and
the calculations used to estimate thyroid iodine turnover,
and therefore a CVof 20% was used instead. If such methods
for estimating thyroid iodine accumulation and turnover
have improved since the 1960s, then a more accurate EAR
and RDA could possibly be determined.

Based on the FDA Total Diet Study (2003–2004), the
lower and upper bound average iodine intakes ranged
from 138 to 284 mg/d for adults (9). The lower bound of
this range exceeds the EAR of 95 mg/d, suggesting that there
is a low prevalence of inadequate iodine intake for adults.

EARs and RDAs for Pregnant and Lactating
Women
An EAR and RDA of 160 and 220 mg/d, respectively, were set
to meet the needs of pregnant women on the basis of data
from balance studies (24,25), iodine supplementation stud-
ies (26–28), and the thyroid iodine content of newborns
(29,30). The results of these 3 types of data indicated that
the iodine requirement during pregnancy ranged between
160 and 170 mg/d. For lactating women, the EAR and
RDA were set at 209 and 290 mg/d, respectively, by using
the EAR for adult women plus the loss of iodine in breast
milk. Many studies have evaluated the impact of iodine in-
take during pregnancy on fetal development and outcomes,
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such as intelligence quotient (31). The EARs and RDAs for
nutrients, however, have been set to meet the needs of preg-
nant and lactating women, rather than based on intake
amounts to meet the needs of the developing fetus and new-
born infants. Most recent information indicates that the in-
cidence of congenital hypothyroidism in the United States is
~3.86 cases per 10,000 births (32), for which the most com-
mon cause is some form of thyroid dysgenesis (33). In pop-
ulations with severe iodine deficiency and endemic goiter,
the incidence of congenital hypothyroidism is much higher
(34).

Urinary iodine concentration is typically used to assess
iodine intake, and therefore iodine status of populations,
and is measured in NHANES. On the basis of NHANES
data, it has been concluded that iodine status of U.S. preg-
nant women may be insufficient (35), and this in turn could
have a negative impact on fetal and infant development.
Whereas iodine intake is generally not determined using
NHANES data for the reasons previously discussed, the
FDA determined iodine intake by using iodine food compo-
sition data from the FDA Total Diet Study, adjusted for
iodized salt used in cooking, and food and dietary supple-
ment consumption data from What We Eat in America,
NHANES (2003–2008). The FDA determined that the
mean iodine intake from food during pregnancy was ~315
mg/d (WY Juan, JKC Ahuja, K Egan, J Gahche, P Trumbo,
unpublished results). Based on the distribution of this intake
data and using the EAR, the prevalence of inadequate iodine
intake was 8.5% among U.S. pregnant women, which is
markedly lower than the percentage of pregnant women
with inadequate urinary iodine concentrations (56%) using
the WHO cutoff concentrations (36). This discrepancy may
be due, in part, to the meaning of the EAR versus the cutoff
values for urinary iodine concentration provided by the
WHO. The WHO cutoff for urinary iodine concentration
for pregnant women (<150 mg/L is indicative of insufficient
iodine intake) is based on every 100 mg of iodine ingested
being equivalent to 60 mg/L (37) and with the use of the
WHO Recommended Nutrient Intake of 250 mg/d, which
is equivalent to an RDA rather than an EAR. The EAR,
not the RDA, is used to estimate the prevalence of inade-
quate intakes in groups (4). Using an RDA for assessing pop-
ulations will overestimate nutrient inadequacy.

Endpoints of thyroid function, such as hypothyroidism,
can help ascertain whether insufficient iodine intake is of
public health concern in the United States. Based on
NHANES (1999–2002) data, the incidence of hypothyroid-
ism, of which insufficient iodine intake is one of several
causes, was 3.1% for all women of reproductive age and
6.9% for pregnant women (38). In addition to significant,
new, and relevant scientific information, the U.S. and Cana-
dian government DRI committees are also considering
whether a new or reevaluation of a DRI would help address
an important public health concern (12). If inadequate io-
dine intake is a public health concern in the United States
or Canada, then it would be important to know, for exam-
ple, whether new scientific information suggests that the

current EAR and RDA for pregnant women are too low
and therefore underestimate inadequate iodine intakes dur-
ing pregnancy, assuming that national survey data on iodine
intake would become available.

Tolerable Upper Intake Levels
Several adverse effect endpoints were considered in setting a
Tolerable Upper Intake Level (UL) for iodine, including sub-
clinical hypothyroidism as defined by an elevation in serum
thyroid-stimulating hormone (TSH) concentration, goiter
as a result of increased TSH stimulation, and thyroid papil-
lary cancer (1). Elevated TSH concentration was chosen as
the adverse effect endpoint because it is an indicator for in-
creased risk of developing clinical hypothyroidism and be-
cause dose-response data were available (39,40).

One study (39) provided 500, 1500, or 4500 mg/d of sup-
plemental iodine to men. Baseline serum TSH concentra-
tions significantly increased for those who consumed 1500
and 4500 mg/d of supplemental iodine. In a similar study
(40), when supplements provided 250, 500, or 1500 mg/d
of iodine, thyroid-releasing hormone–stimulated serum
TSH concentration significantly increased for those who
consumed 1500 mg/d of iodine. It was estimated that the
amounts of iodine consumed from the diet in these 2 studies
were ~200 and 300 mg/d, resulting in a total iodine intake of
1700 and 1800 mg/d, respectively, for those who had in-
creased TSH concentrations.

On the basis of the findings of these 2 studies (39,40), it
was determined that the lowest-observed-adverse-effect-
level (LOAEL) was 1700 mg/d. To determine a UL, the
LOAEL is divided by an uncertainty factor (UF). The UF
was determined to be 1.5 and is relatively low compared
with UFs determined for other nutrients, in part, because
dose-response clinical trial data in humans were available
and therefore there was little uncertainty about the LOAEL.
On the basis of a LOAEL of 1700 mg/d and a UF of 1.5, the
UL was set at 1100 mg/d for adults (1). As was the case for a
number of other nutrients, data were lacking in children, ad-
olescents, and/or pregnant and lactating women to directly
set a UL for these groups. Therefore, the ULwas set for these
groups by extrapolating from the adult UL on the basis of
body weight. The ULs for children aged 1–3 y, 4–8 y, and
9–13 y and adolescents aged 14–8 y are 200, 300, 600, and
900 mg/d, respectively (1). The UL for pregnant and lactat-
ing women is 1100 mg/d.

The proportion of a group with usual intakes above the
UL can be used to estimate the percentage of the population
at potential risk of adverse effects from excessive nutrient in-
take (4). The 95th percentile of intake is usually compared
with the nutrient UL, as was the case for iodine using iodine
intake data from the FDATotal Diet Study (1991–1997) (1).
Although the distribution of iodine intake was not provided,
it was determined by using the more recent FDA Total Diet
Study (2003–2004) that the upper bound average intake did
not exceed the ULs for any of the groups except for children
2 y of age for whom the UL is 200 mg/d and the estimated
lower and upper bound average iodine intake was 225 to
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247 mg/d (9). Because NHANES has been measuring uri-
nary iodine and measures of thyroid function in individuals
$6 y of age, NHANES data are not available to further eval-
uate the iodine intake data for children 2 y of age. Further-
more, most of the published data on urinary iodine from
NHANES have focused on inadequate amounts (e.g., uri-
nary iodine <100 mg/L) rather than providing the full distri-
bution of urinary iodine concentration. Excessive intakes of
iodine, however, generally do not appear to be a public
health concern in the United States.

Conclusions
Like many vitamins and minerals, the iodine AI for infants
was set on the basis of the average intake from breast
milk. Research that could better inform the need for reeval-
uating the AI for infants includes evidence to indicate that
breast milk consumed by U.S. and/or Canadian infants
does not provide adequate amounts of iodine for young
and/or older infants and evidence to determine the EAR
for young or older infants. For other age groups and preg-
nant and lactating women, significant, new, and relevant
data, as well the need to reevaluate the DRIs for iodine to ad-
dress a public health concern in the United States and/or
Canada, would be useful to the DRI government committees
for consideration. New and relevant data on iodine could
be based on studies that used the same endpoints for setting
the current DRIs or different endpoints for which the total-
ity of the evidence could be used for updating the DRIs
for iodine.
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