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Context:The effects ofmaternal inorganic iodine therapy on infant thyroid function are notwell known.

Objective: This study investigated the effects on infant thyroid function of maternal inorganic iodine
therapy when administered to lactating mothers with Graves disease.

Design and Setting: This study was a prospective case series performed at the Tajiri Thyroid Clinic,
Kumamoto, Japan.

Participants: Subjects were 26 infants of lactating mothers with Graves disease treated with po-
tassium iodide (KI) for postpartum thyrotoxicosis.

Main Outcome Measures: Infant blood levels of thyroid-stimulating hormone (TSH) and free thy-
roxine were measured using the dried filter-paper method. Iodine concentrations in breast milk and
infant urine were measured on the same day. Subclinical hypothyroidism was defined as a blood TSH
level of $10 or $5 mIU/mL in ,6-month-old and 6- to 12-month-old infants, respectively.

Results: The median age of the infants was 3 months (range, 0 to 10 months). The median KI dose was
50 mg/d (range, 10 to 100 mg/d). High median iodine concentrations were detected in breast milk
(15,050 mg/L; range, 831 to 72,000 mg/L) and infant urine (15,650 mg/L; range, 157 to 250,000 mg/L).
Twenty-five of 26 infants had normal thyroid function. Although one infant had subclinical hypothy-
roidism (blood TSH, 12.3 mIU/mL), the TSH level normalized to 2.3 mIU/mL at 2 months after KI
discontinuation.

Conclusion: In Japan, where iodine intake is sufficient, administration of inorganic iodine to lactating
mothers with Graves disease did not affect thyroid function in most infants despite high levels of
exposure to iodine via breast milk.
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For patients with Graves disease, the effects of inorganic iodine therapy appear quickly but
are often considered transient [1]. Generally, inorganic iodine is used for preparation of
surgery, for treatment of thyroid storm, and after radioiodine therapy for Graves disease [2].

Abbreviations: FT4, free thyroxine; TSH, thyroid-stimulating hormone.
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Iodine treatment may be associated with thyroid dysfunction and rarely with allergic re-
action. In Japan, inorganic iodine is empirically administered to Graves disease patients with
mild hyperthyroidism and to those with a history of adverse reactions to antithyroid drugs. It
is reported that in some cases, long-term control of thyroid function as well as remission of
Graves disease can be achieved with inorganic iodine alone [3, 4]. In daily clinical practice,
inorganic iodine may be administered to pregnant and lactating women with Graves disease
for whom adverse reactions preclude the use of antithyroid drugs. However, inorganic iodine
is transferred to fetuses via the placenta and to infants via breast milk [5]. Therefore, it is
important to know the effects of this type of therapy on fetal and infant thyroid function.

There have been case reports of congenital hypothyroidism induced by excess maternal
iodine ingestion during pregnancy outside the setting of Graves disease [6]. On the other
hand, in Japan, it has been reported that administration of inorganic iodine to pregnant
women with Graves disease did not cause hypothyroidism in almost all of their fetuses [7, 8].
Studies of the administration of inorganic iodine during breastfeeding found that when
lactating mothers with euthyroidism received overdoses of iodine, preterm newborn infants
and neonates ingested excessive levels of iodine through the breast milk and developed
hypothyroidism [9–12]. However, no studies have evaluated the effects of inorganic iodine
administered to lactating mothers with Graves disease on infant thyroid function. We
therefore prospectively investigated thyroid function in infants of lactating mothers with
Graves disease who were treated with inorganic iodine for thyrotoxicosis and simultaneously
measured iodine concentrations in breast milk and infant urine.

1. Subjects and Methods

A. Subjects

Twenty-six infants for whom iodine concentrations in breast milk and infant urine could be
measured simultaneously were selected from among the infants of lactating mothers with
Graves disease who were treated with potassium iodide (KI) alone for thyrotoxicosis between
September 2012 and August 2015. Some infants were exclusively breastfed, whereas others
received mixed feedings (breast milk and formula). These 26 infants included two brothers
and two infants from a set of triplets; thus, there were 23 breastfeeding mothers. Informed
consent was obtained from all mothers. The study protocol was approved by our clinical
Institutional Review Board.

KIwas administered to patientswithmild hyperthyroidism, thosewith a history of adverse
reactions to antithyroid drugs, and those with postpartum thyrotoxicosis in whom it was
difficult to differentiate between Graves disease and painless thyroiditis. Of the 23 mothers,
14 had continuously received oral KI since before delivery. Nine mothers started or resumed
oral KI therapy after the development or exacerbation of postpartum thyrotoxicosis. KI dose
was adjusted to maintain normal maternal thyroid function every 1 to 3 months.

B. Methods

Blood samples were collected from infants using an easy-to-perform filter paper procedure.
Briefly, the outer edge of the footpad was pricked with a sterile needle, and blood was blotted
onto filter paper. The levels of free thyroxine (FT4) and thyroid-stimulating hormone (TSH) in
the dried blotted blood samples were thenmeasured using an enzyme-linked immunosorbent
assay (FT4: ENZAPLATE N-FT4, Bayer Medical Ltd., Osaka, Japan; TSH: Cretin TSH
ELISA II, Eiken Chemical Co., Ltd., Tokyo, Japan). TSH concentrations are expressed as
serum concentrations, which are calculated bymultiplying the whole blood values by 1.6 [13].
These blood levels were measured during every maternal outpatient visit while the mother
received oral KI therapy.However, in this study, we used the blood levels of FT4 andTSH that
were obtained when the data on iodine concentrations in breast milk and infant urine were
obtained. Subclinical hypothyroidism was defined as a blood TSH level of $10 mIU/mL
or$5mIU/mL in,6-month-old or 6- to 12-month-old infants, respectively, according to the
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Japanese Guidelines for Mass Screening of Congenital Hypothyroidism (2014 revi-
sion) [14].

This study also evaluated breast milk and infant urine iodine concentrations. Breast milk
was collected by manual expression, and infant urine was collected in a self-adhesive sterile
urine bag on the same day as the infant thyroid function analyses. Supernatants of
centrifuged breast milk samples and urine samples were stored at 220°C until further
analysis. Iodine concentration measurements were outsourced to the Hitachi Chemical
Clinical Laboratory (Tokyo, Japan), which implemented a microplate method based on the
Sandell–Kolthoff reaction [15].

C. Statistical Analysis

Data are expressed asmedians and ranges. TheMann-WhitneyU test was used for statistical
comparison, and the Spearman rank correlation coefficient was used to evaluate correlations.
A P value of ,0.05 was considered statistically significant. All statistical analyses were
performed with EZR software (Saitama Medical Center, Jichi Medical University, Saitama,
Japan) [16], which is a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria). More precisely, it is a modified version of R commander
designed to add statistical functions frequently used in biostatistics.

2. Results

According to maternal interviews, all infants underwent mass screening for congenital hy-
pothyroidism at 4 to 7 days after birth and received normal results.

Table 1 shows characteristics of breast-fed infants of mothers treated with KI and iodine
levels in breastmilk. The rawdata and case numbers are shown in Supplemental Table 1. The
26 infants included 14 boys and 12 girls, with amedian age of 3months (range, 0 to 10months)
and a median gestational age at birth of 38 weeks (range, 35 to 41 weeks). The median KI
dosing periods were 9 months (range, 1 to 78 months) from before through after delivery and
2 months (range, 1 to 9 months) after delivery. The median KI dose was 50 mg/d (range, 10 to
100 mg/d). Nineteen infants were exclusively breastfed, and seven infants received mixed
feedings. There was no statistical significance between the two groups regarding blood TSH
levels [exclusively breastfed vsmixed feedings,median (range); 2.1 (0.6 to 12.3)mIU/mL vs 1.9
(0.9 to 5.7) mIU/mL; P = 0.71] or iodine concentrations in breast milk [14,200 (831 to
48,000) mg/L vs 26,400 (1170 to 72,000) mg/L; P = 1.0] and infant urine [15,200 (520 to
250,000) mg/L vs 16,100 (157 to 53,000) mg/L; P = 0.73].

The median iodine concentrations of all 26 infants were 15,050 mg/L (range, 831 to
72,000 mg/L) in breast milk and 15,650 mg/L (range, 157 to 250,000 mg/L) in infant urine, and
these concentrations correlated significantly (r = 0.699; P , 0.001). The KI doses correlated

Table 1. Characteristics of Breast-Fed Infants of Mothers Treated With KI and Iodine Levels in
Breast Milk

Characteristics Median (Range)

Age, mo 3 (0–10)
Birth age, wk 38 (35–41)
KI dosing period, mo 9 (1–78)
KI dosing period after birth, mo 2 (1–9)
KI dose, mg/d 50 (10–100)
Infant FT4, ng/dL 1.01 (0.61–1.55)
Infant TSH, mIU/mL 2.1 (0.6–12.3)
Infant urine iodine, mg/L 15,650 (157–250,000)
Breast milk iodine, mg/L 15,050 (831–72,000)
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with the iodine concentrations in both breast milk (r = 0.636; P , 0.001) and infant urine
(r = 0.610; P , 0.001) (Table 2).

Twenty-five of 26 infants had normal thyroid function. One 5-month-old infant (case 22)
presented with subclinical hypothyroidism, indicated by a blood TSH level of 12.3 mIU/mL,
after 1 month of maternal KI therapy. Two months after KI discontinuation, the blood TSH
level normalized to 2.3 mIU/mL (Fig. 1).

Four infants had blood TSH levels $5 mIU/mL within 6 months after birth; these levels
decreased to,5 mIU/mL in three infants during KI administration. In case 8, the blood TSH
level was 5.7 mIU/mL at 2 months after birth. At the same time, because the mother’s hy-
perthyroidism worsened, the maternal KI dose was increased, and thiamazole was initiated
at a dose of 15 mg. However, the infant’s blood TSH level decreased to 4.7 mIU/mL after
1month. In case 15, the blood TSH level was 5.5 mIU/mL at 3months after birth; however, we
were unable to follow this case. In case 20, the blood TSH level was 7.1 mIU/mL at 4 months
after birth but decreased to 0.4 mIU/mL after 1 month; the maternal KI dose was maintained
during this period. In case 23, the blood TSH level was 5.1 mIU/mL at 5months after birth but
decreased to 3.5 mIU/mL at 6 months after the KI dose was halved (Fig. 1). The blood TSH
level did not correlate with the KI dose (r = 0.0478; P = 0.82) or with the iodine concentrations
in breast milk (r =20.246; P = 0.23) and infant urine (r = 20.146; P = 0.48) in all the infants
(Table 2). When statistical correlations were evaluated only in the exclusively breastfed
infants, there were no significant correlations between the blood TSH level and each variable
(Supplemental Table 2).

3. Discussion

This study evaluated the effects of inorganic iodine therapy administered to lactatingmothers
with Graves disease on the thyroid function of breastfed infants. In this study, maternal
inorganic iodine therapy did not affect the thyroid function of most breastfed infants (25 of 26
infants), as determined by TSH levels.

According to studies in the United States, the median iodine concentrations in breast milk
from ordinary lactating mothers ranges from 35 to 155 mg/L [5]. In contrast, we observed
markedly higher levels of iodine in breast milk from inorganic iodine–treated lactating
mothers with Graves disease (median, 15,050 mg/L; range, 831 to 72,000 mg/L). The reported
median urinary iodine concentration among 30-day-old infants in Japan is 271 mg/L [17], and
the World Health Organization epidemiological criteria for iodine nutritional status defines
iodine overload as a median urinary iodine concentration of$300 mg/L (based on the median
urinary iodine concentration in school-aged children) [18]. In contrast, we observed a high
median infant urinary iodine concentration of 15,650mg/L (range, 157 to 250,000mg/L). Iodine

Table 2. Spearman Correlation Coefficients (r) Between Each Pair of Variables in all Infants (n = 26)

KI Dose, mg/d
Breast Milk
Iodine, mg /L

Infant Urine
Iodine, mg /L

Infant TSH,
mIU/mL

KI dose, mg/d
r 1.000
P value

Breast milk iodine, mg/L
r 0.636 1.000
P value ,0.001

Infant urine iodine, mg/L
r 0.610 0.699 1.000
P value ,0.001 ,0.001

Infant TSH, mIU/mL
r 0.0478 20.246 20.146 1.000
P value 0.82 0.23 0.48
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concentrations in breast milk correlated significantly with those in infant urine, and KI doses
correlated with breast milk and infant urine iodine concentrations, which strongly suggests
that the KI administration to lactating mothers contributed to iodine overload in the study
infants through breast milk.

Despite our finding that oral KI–treated lactating mothers transferred large amounts of
iodine to their infants via breast milk, all but one infant maintained normal thyroid function.
We have devised two explanations for this outcome. First, this might be an example of the
escape from the Wolff–Chaikoff effect. In other words, thyroid function might have nor-
malized after transient hypothyroidism. Excessive iodine intake inhibits thyroid hormone
synthesis through the organification defect. Because the Wolff–Chaikoff effect is generally
transient in the normal thyroid, thyroid hormone synthesis would normalize within a few
days because of the so-called escape phenomenon [19]. This phenomenon is thought to have
occurred in case 20, in which the blood TSH level was 7.1 mIU/mL after 1 month of KI ad-
ministration but decreased to 0.4 mIU/mL after another month, despite no change in the KI
dose. The escape phenomenon may occur after 36 to 40 weeks of gestation [20]; our study
suggests that itmay occur in postneonatal infants. In case 22, whichwas the only case affected
by subclinical hypothyroidism, the high blood TSH level after 1 month of KI administration
normalized immediately after KI discontinuation. Therefore, we cannot determine whether
the TSH levels would have eventually normalized via the escape phenomenon, even if KI
administration had continued.

Regarding the second possibility, the Japanese diet includes high daily levels of iodine
ingested via seaweed [21]. The normal thyroid function observed in most infants included in
this study might be associated with the sufficient iodine intake in Japan. People with less
iodine intake in daily life are presumed more susceptible to excessive iodine. The tolerable

Figure 1. The relationship between TSH level and age among infants of lactating mothers
with Graves disease treated with KI. Each circle indicates the KI dose administered to one
mother. Arrows indicate data from the same cases. Case numbers are shown in Supplemental
Table 1. Only one infant (case 22) showed subclinical hypothyroidism, and the blood TSH
level normalized after discontinuing KI. Four infants (cases 8, 15, 20, 23) had blood TSH
levels $5 mIU/mL within 6 months after birth; these levels decreased to ,5 mIU/mL in three
infants (cases 8, 20, and 23) during KI administration. We were unable to follow case 15.
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upper limit for daily iodine intake varies from region to region (0.3mg/d in the iodine-deficient
region [18], 1.1 mg/d in adults in the United States [22], and 3.0 mg/d in adults in Japan [23]).
We speculate that infants in regions characterized by low iodine intake and iodine deficiency
might be more strongly affected by iodine overload.

The 2017 American Thyroid Association guidelines strongly recommend against sus-
tained iodine intake exceeding 500 to 1100 mg/d while breastfeeding due to concerns about
the potential for inducing hypothyroidism in the infant [24]. Several reports have in-
dicated that the administration of an iodine overdose to lactating mothers causes hy-
pothyroidism in their infants [9–12]. However, those studies differed from our study in two
aspects. First, the previously reported studies included both preterm newborn infants and
neonates, with the former group being more likely to be affected by iodine overload [12]. In
our study, all examined infants had surpassed the newborn stage and were considered less
likely to experience iodine overload–related effects on thyroid function. Second, the
lactating mothers in the earlier studies did not have Graves disease. However, the infants
of lactating mothers with Graves disease might be less likely to have elevated blood TSH
levels for 2 to 3 months after birth because of the effects of maternal thyrotropin receptor
antibodies.

We observed that infant blood TSH levels did not correlatewith oral KI doses or breastmilk
and urinary iodine concentrations in the exclusively breastfed infants as well as in all the
infants, suggesting that sensitivity to iodine varies among individuals.Moreover, our findings
might have been affected by intersubject differences in the duration of iodine exposure and the
variable timing of oral KI administration, breastfeeding, breast milk expression, and infant
urine collection [25]. In this study, some infants were exclusively breastfed, and others re-
ceived mixed feedings. However, there was no statistical significance between the two groups
regarding blood TSH levels or the iodine concentrations in breast milk and infant urine. To
analyze the differences between these two groups more accurately, data on frequency of
formula feeding and iodine content of formula, which were not available in this study, are
needed. The iodine content of the formula manufactured in Japan varies depending on the
manufacturer, and its median value in formula from the five major manufacturers is 39 mg/L
(range, 13 to 152). Because we did not ask the mothers which manufacturer’s formulas were
used, the iodine content of the formula that each infant ingested was unknown. However, our
data strongly suggest that, regardless of type of feeding (exclusively breastfed, mixed fed),
almost all infants were exposed to excess iodine by ingesting breast milk with high iodine
content. In addition to these factors, the small sample size might contribute to the lack of
correlation and the lack of statistical significance observed in this study.

We note the scarcity of available data regarding inorganic iodine therapy for lactating
mothers with Graves disease and suggest that therapeutic indications should be considered
carefully. However, inorganic iodine therapy appears to be a potentially useful alternative for
mothers with Graves disease with adverse reactions to antithyroid drugs who are contra-
indicated for iodine-131 therapy because they wish to continue breastfeeding (due to the
superiority of breast milk to formula or due to infant rejection of formula) and do not wish to
undergo surgery.

As demonstrated in this study, the administration of inorganic iodine to lactating mothers
with Graves disease may occasionally cause subclinical hypothyroidism in their infants.
Given the importance of thyroid hormones to normal brain development during infancy, the
thyroid function of infants should be closely monitored to ensure a rapid recovery from
subclinical hypothyroidism while their mothers receive inorganic iodine. Moreover, because
iodine sensitivity varies greatly among individuals, a further accumulation of cases may
reveal overt hypothyroidism. Further studies are warranted.

In summary, our study found that inorganic iodine therapy, when administered to lac-
tatingmotherswithGraves disease, did not affect the thyroid function inmost infants, despite
high levels of exposure to iodine via breast milk. We note that the study setting of Japan,
where dietary iodine intake is sufficient, may have buffered the effects of excess iodine
exposure.
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