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ABSTRACT: Iodine is a vital micronutrient and its importance in thyroid function is well established. However, abnormalities in iodine in-
take may also have other effects. In particular, iodine is taken up avidly by the ovary and endometrium. Iodine deficiency is associated with
reduced fertility. The use of high iodine concentration contrast media has recently been shown to improve conception rates in couples
with unexplained infertility (UI). We hypothesize that this improvement could be related to the iodine excess and mechanisms independent
of its action on thyroid. In this article, the metabolism of iodine and its potential role in fertility will be discussed, including the impact of
both iodine deficiency and excess states and the importance of iodine in normal fetal development. This will include insights from animal
studies on the effect of iodine in the uterine and ovarian structural environment, hormonal milieu and immunological factors affecting
implantation. We speculate that iodine may well have a role as a potential therapy for UI.
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Introduction
Iodine is an essential micronutrient necessary for normal reproductive
function and fetal wellbeing. Iodine deficiency is associated with in-
creased maternal and perinatal morbidities, while excess iodine is also
detrimental during pregnancy. This mini-review discusses the impact of
iodine deficiency and excess on normal reproductive function. In par-
ticular, we discuss the potential role of iodine excess in the treatment
of infertility.

Iodine—an essential
micronutrient for normal
reproduction
Iodine is a trace element in soil and water and is ingested in several
chemical forms. Seaweeds, fish or other seafood, iodized salt and io-
dinated breads are the main dietary sources of iodine (Leung and
Braverman, 2014). Most forms of iodine are reduced to iodide and ef-
ficiently absorbed in the stomach and duodenum. Tissue uptake occurs
via sodium iodide symporters with main organs in descending order
being thyroid, ovaries, uterine endometrium, stomach and breast

tissue (Venturi et al., 2000; Mahapatra and Chandra, 2017). In adults,
the mean daily turnover of iodine by the thyroid is approximately
60–95mg. In the thyroid gland, iodide is vital for the enzymatic action
of thyroid peroxidase and iodination of thyroglobulin, which are essen-
tial steps in thyroid hormone synthesis and release. Under normal cir-
cumstances, iodine is cleared from the circulation by the kidneys in
approximately 10 h (Chung, 2014).

Daily iodine requirement in a normal adult in the reproductive age
group is approximately 150mg per day, with a higher requirement in
pregnancy and breastfeeding (200–250mg and 200–290mg, respec-
tively) (Harding et al., 2017). The tolerable upper-level threshold with-
out notable adverse effects is 1100mg/day (Alexander et al., 2017).
Median urine iodine concentrations have been widely used as a bio-
marker of population iodine intake, with levels >300mg/l considered
excessive in adults and >500mg/l considered excessive in pregnant
women (Leung and Braverman, 2014).

Iodine is listed among the micronutrients required for normal fe-
male fertility (Buhling and Grajecki, 2013). Severe iodine deficiency
can lead to reduced thyroid hormone production in pregnancy.
This can have adverse consequences even with milder abnormali-
ties such as subclinical hypothyroidism. Untreated mild elevation
of thyroid-stimulating hormone (TSH) in early pregnancy has been
found to be associated with increased risk of miscarriages and
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adverse perinatal outcome (van den Boogaard et al., 2011;
Schneuer et al., 2012).

Maternal iodine also plays a significant role in neurological develop-
ment of the fetus. It is critical to the synthesis and secretion of the
prohormone, thyroxine (T4) and the active hormone triiodothyronine
(T3) in the fetus and mother. Maternal iodine deficiency causes in-
creased conversion of T4 to T3, resulting in low maternal T4 levels
but a euthyroid state (Greer et al., 1968). As T4 is essential for fetal
neurological development, low maternal T4 levels can result in neuro-
cognitive sequelae. In particular, as the fetus is entirely dependent on
maternal T4 in early pregnancy, iodine deficiency in the first trimester
is an especially vulnerable time (Contempré et al., 1993; Burrow et al.,
1994; Calvo et al., 2002). Before successful implementation of iodine
fortification, endemic cretinism (defined as goitre with severe irrevers-
ible mental and physical retardation) was prevalent in severely iodine
deficient populations (Kevany et al., 1969; Pharoah et al., 1971). While
severe in utero hypothyroidism and cretinism are now rare in devel-
oped countries, milder degrees of maternal iodine deficiency result in
subtle changes in cognition, with a difference of between 10 and 15 in-
telligence quotient (IQ) points compared to iodine-sufficient popula-
tions (Alexander et al., 2017; Velasco et al., 2018). Indeed, iodine
deficiency is considered one of the most common preventable causes
of brain damage.

Table I summarizes the human studies assessing the maternal and
fetal impact of iodine deficiency and supplementation during preg-
nancy. The early trials showed profound benefits of iodine supplemen-
tation (Kevany et al., 1969; Pharoah et al., 1971; Cao et al., 1994) and
popularized widespread iodine supplementation programs throughout
the world. Later studies suggested that there could be less evident,
but still significant, neurocognitive deficits associated with mild iodine
deficiency (Bath et al., 2013; Hynes et al., 2013; Abel et al., 2017).
There were also some studies suggesting association of preterm birth
and low birth weight with mild iodine deficiency (Charoenratana et al.,
2016).

The outcome of supplementation in population with mild deficiency
has been variable in different studies. Whilst some studies showed def-
inite improvement in full scale IQ and psychomotor scores of the off-
spring (O’Donnell et al., 2002; Moleti et al., 2016), a recent
randomized control trial showed no difference between IQ of children
at 5–6 years whether or not the mothers received supplements during
pregnancy (Gowachirapant et al., 2017). Systematic reviews assessing
impact of gestational iodine supplementation on maternal thyroid func-
tion and the neurodevelopment and growth of the offspring again
showed inconsistent and modest benefits (Zhou et al., 2013; Taylor
et al., 2014).

Furthermore, a few studies raised concern of potential harmful
effects from an iodine excess. More than adequate iodine intake was
associated with maternal subclinical hypothyroidism (Shi et al., 2015),
increased thyroid autoimmunity (Pedersen et al., 2011) and preterm
births (Purdue-Smithe et al., 2019). Iodine excess through prenatal
vitamins were also found to have negative effects on the offspring’s
neurodevelopment (Rebagliato et al., 2013), thyroid development
(Thomas Jde and Collett-Solberg, 2009) or thyroid function (Connelly
et al., 2012).

Iodine excess and its deleterious effects can also occur during preg-
nancy through dietary sources (Nishiyama et al., 2004), medications af-
fecting iodine metabolism (Lomenick et al., 2004) or preconceptional

hysterosalpingography (HSG) using iodinated contrast (Mekaru et al.,
2008; Kaneshige et al., 2015; Satoh et al., 2015; So et al., 2017). The
studies and case reports showing impact of iodine excess in pregnancy
are summarized in Table II.

Indeed, a U-shaped relationship of pregnancy outcomes with iodine
levels has been described (Purdue-Smithe et al., 2019). The maternal
and fetal outcome seems best at a relatively narrow range with both
deficiency and excess having undesirable consequences.

Unexplained infertility—an
enigma
Unexplained infertility (UI) is defined as the lack of conception in a
couple after one year of regular unprotected sex and the absence of
an identifiable cause for infertility in either of the partners (Gelbaya
et al., 2014). The prevalence of UI varies, with different studies, quot-
ing prevalence rates between 5% and 30% (Adamson and Baker,
2003; Isaksson and Tiitinen, 2004). The diagnosis of UI remains con-
troversial because some argue these are missed cases of endometri-
osis, premature ovarian aging, tubal problems or immunological
infertility (Siristatidis and Bhattacharya, 2007). Thus, UI probably
reflects a range of pathologies, including conditions that have not been
diagnosed but may well be contributing to the infertility.

UI is not an absolute condition, but rather a relative inability to con-
ceive. Many of these couples conceive without treatment and expec-
tant management is often recommended for younger women
(Isaksson and Tiitinen, 2004). The rate of spontaneous conception af-
ter 1 year of UI is encouraging with 50% conceiving within the next
12 months and a further 12% in the following year (Gelbaya et al.,
2014). IUI and IVF are sometimes offered based on clinical judgment,
with variable success rate of 15–30% and 30–60%, respectively
(Reindollar et al., 2010; Farquhar et al., 2018). The benefit of assisted
reproductive technologies over the ‘wait and watch’ approach is de-
batable and the success rates are determined by various factors such
as the duration of UI, age of patient, number of IUI cycles and use of
additional fertility medications such as clomiphene or FSH (Adamson
and Baker, 2003; Brandes et al., 2010; Reindollar et al., 2010; Farquhar
et al., 2018).

The increased risk of multiple pregnancies and concern of long-term
metabolic complications in the offspring highlight the importance of ju-
dicious use of IVF and opting for more conservative approaches (Mol
et al., 2018). These other treatment modalities are cheaper and pro-
mote spontaneous conception or better conception rate following IUI,
by favoring implantation. Since the 1950s there have been reports of
increased fertility following HSG with Lipiodol, an oil-soluble contrast
media. Further studies in the last two decades reinforced these early
findings (Johnson et al., 2004, 2007; Johnson, 2014). A recent large
randomized study has confirmed these studies and Lipiodol was found
to increase fertility rates in UI compared to a water-soluble contrast
media (WSCM) (39.7% vs 29.1% over 6 months) (Dreyer et al., 2017;
van Rijswijk et al., 2018). Other than being a poppy seed oil-based
product, Lipiodol has a number of other characteristics including being
relatively viscous, non-ionic and containing more iodine than most
other contrast media (480 mg/ml). Individual WSCM used for HSG
have physical properties that vary substantively to one another with
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Table I Prior publications on iodine deficiency and supplementation in pregnancy.

1. Older independent studies assessing impact of iodine supplementation in severely iodine deficient population

Publication and author Study setting Relevant outcome of the study

Kevany et al. (1969) Quasi RCT using iodized oil (2 ml) or non-iodized poppy
seed oil in alternate families in Ecuador and Peru, both se-
verely iodine deficient regions.
n¼ 3183, included 747 women of childbearing age

1. Reduction in the incidence of goitre.
2. Cretinism not seen in the progeny of the population injected
with iodized oil, but reported in the control group.
3. In a subgroup analysis comparing women with normal
(n¼ 28) or low (n¼ 44) iodine excretion, IQ scores were higher
and psychological age retardation lower in the group with higher
iodine excretion (P¼ 0.002 and P< 0.0001, respectively).

Pharoah et al. (1971) Double blind RCT in the highlands of Papua New Guinea
with severe iodine deficiency (1966–1972)
n ¼ �16 500, 4 ml iodized oil in cases and saline in controls

1. Prevention of nervous endemic cretinism in the iodized oil
group.
2. Significant difference in 15 years cumulative survival rate.
3. Improved measures of motor and intellectual function in the
children born to mothers who received iodine supplementation.

Cao et al. (1994) Longitudinal study in severely iodine-deficient Xinjiang region
of China. Iodine was administered to groups of children from
birth to 3 years of age (n¼ 689) and women at each trimes-
ter of pregnancy (n¼ 295).
Treated children and the babies born to the treated women
were followed for 2 years.

1. 2% prevalence of moderate or severe neurological abnormali-
ties if gestational iodine was supplemented before third trimester
vs 9% if supplemented in third trimester or as a child
(P¼ 0.008).
2. The prevalence of microcephaly decreased from 27% in the
untreated children to 11% in the treated children (P¼ 0.006),
and the mean developmental quotient at 2 years of age in-
creased (90§ 14 vs 75§ 18 in the untreated children;
P< 0.001).

2. Later studies, in mildly iodine deficient population
2a. Independent studies assessing impact of iodine deficiency during pregnancy on mother and offspring

Charoenratana et al. (2016) Pregnant women without thyroid disease and iodine supple-
mentation were recruited in each trimester and followed up
for pregnancy outcome
171 iodine deficient (UIC< 150mg/l ) and 219 iodine suffi-
cient women analyzed for pregnancy outcome

Rates of preterm birth and low birthweight were significantly
higher in the insufficiency group, 17.5% vs 10.0% (P ¼ 0.031) and
19.9% vs 12.3% (P ¼ 0.042), respectively.
Iodine status was an independent risk of preterm birth and low
birthweight.

Bath et al. (2013)
Analysis of mother–child
pairs from Avon Longitudinal
study of parents and children
(ALSPAC)

First trimester urine iodine–creatinine ratio of mother was
measured and child’s IQ was checked at 8 years along and
reading ability at 9 years.

After adjusting for confounders, children of women with iodine/
creatinine ratio <150mg/g were more likely to have scores in
the lower quartile for verbal IQ, reading accuracy and reading
comprehension than for those with mothers with
ratios> 150mg/g.

Hynes et al. (2013) 9-year follow up of gestational iodine cohort.
Pregnancy occurred during a period of mild iodine deficiency
in population and children grew up in an iodine-replete
environment.

Children whose mothers had UIC <150mg/l had a reduction of
10% in spelling, 7.6% in grammar and 5.7% in English literacy per-
formance compared to iodine sufficient mother’s children.

Abel et al. (2017) Population-based prospective observational study
(n¼ 33 047 mother–child pairs) in Norway

Low maternal iodine intake (<160mg/day) was associated with
child language delay (P¼ 0.024), externalizing and internalizing
behavioral problems (P< 0.001) and fine motor skills
(P¼ 0.002).

2b. Independent studies assessing impact of iodine supplementation during pregnancy in population with mild iodine
deficiency

O’Donnell et al. (2002) Growth and development of children whose mothers re-
ceived iodine during pregnancy (n¼ 207). The age of chil-
dren assessed ranged from 4 to 7.3 years.

Better head circumference and psychomotor scores in school
age children if iodine supplementation started in mothers in the
first two trimesters compared to later pregnancy or direct ad-
ministration to the child after birth.

Moleti et al. (2016) Pilot prospective observational study
4 study groups of 15 mother–child pairs (iodine (I), no iodine
(no-I), iodine þ LT4 (I þ T4) and no Iodine þ LT4 (no-I þ
T4))

Children of I and I þ T4 mothers had similar verbal, perfor-
mance, and FSIQs, which were 14, 10 and 13 points higher, re-
spectively, than children born to no-I and no-I þ T4 mothers.
Neuro-intellectual outcomes in children appear to be more de-
pendent on their mothers’ nutritional iodine status than on ma-
ternal thyroid function.

Gowachirapant et al. (2017)
MITCH study
(Maternal Iodine
Supplementation and its

Randomized-placebo control trial (n¼ 832) at two sites
(Bangalore, India and Bangkok, Thailand)
Cases received 200mg/day iodine orally and controls re-
ceived placebo from �10 weeks to until delivery.

Mean WPPSI score for verbal and performance IQ was similar
with no statistically significant difference. Similarly the overall ex-
ecutive function score using BRIEF-P was also similar.
The conclusion was that daily iodine supplementation in mildly

(continued)
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..respect to ionicity, viscosity, hyperosmolarity and iodine content. The
iodine content, however, has always been less than Lipiodol with con-
centrations between 250 and 380 mg/ml (Rasmussen et al., 1991;
Fang et al., 2018). Lipiodol also has a much longer half-life if retained in
the body (50 days vs 2–3 h for WSCM) which can lead to prolonged
iodine exposure (Brown et al., 1949; Miyamoto et al., 1995). The un-
derlying mechanism(s) by which Lipiodol improves conception rates
remain unclear but are likely multifactorial. These include a flushing ef-
fect of removing debris and obstructions from the fallopian tubes (van
Welie et al., 2019), an immunobiological peritoneal bathing effect
(Izumi et al., 2017) and an immunobiological uterine bathing effect of
the Lipiodol on the endometrium favoring implantation (Johnson et al.,
2019). However, the uniquely high iodine concentration and long half-
life of Lipiodol warrants consideration of iodine as a potential factor
improving fertility.

Could iodine deficiency explain
some cases of unexplained
infertility?
The term ‘iodine deficiency disorders’ (IDD) comprises a spectrum
ranging from subclinical hypothyroidism to endemic cretinism.
Reduced fertility and impaired fetal development are listed among the
many manifestations of iodine deficiency and hence are part of the
IDD spectrum (Dunn and Delange, 2001). It is well known that defi-
ciency of this trace element is associated with abortions, still births
and congenital anomalies (Semba and Delange, 2008). More recently,
Mills et al. (2018) conducted a study in over 500 women in the USA

and found that those with lower urinary iodide levels had a 46% re-
duction in fertility. Moreover, women with low iodine levels also took
longer to conceive, with 28% of the iodine deficient group failing to
conceive at 12 months compared to only 12.5% in the iodine sufficient
group. This suggests that iodine deficiency may contribute to a propor-
tion of UI in developed countries (Mills et al., 2018). Another study in
West Africa showed that women with iodine deficiency have twice
the risk of reproductive failure and again, the risk of reproductive fail-
ure being directly proportional to the severity of iodine deficiency
(Dillon and Milliez, 2000). While a recent prospective cohort study did
not find an association between iodine deficiency and pregnancy losses
(Mills et al., 2019), current data suggests that iodine plays an important
role in conception and ongoing pregnancy.

Insights from animal studies
There has been little research done in humans, but research in animal
models studying the effect of iodine on uterus and ovaries has pro-
vided insight into the relationship between iodine and fertility.

Iodine-uterine effects
Cows with UI showed improved fertility when treated with uterine in-
stillation of Lugol’s iodine. The authors postulated that infertility was
secondary to subclinical endometritis and improvement could be due
to potent bactericidal action of iodine to restore damaged endome-
trium. Other mechanisms suggested were changes in the uterine pH
and improved uterine vascularity (Ahmed and Elsheikh, 2013, 2014).

............................................................................................................................................................................................................................

Table I Continued

1. Older independent studies assessing impact of iodine supplementation in severely iodine deficient population

Publication and author Study setting Relevant outcome of the study

effects on Thyroid
function and CHild
development)

313 children (159 from iodine group and 156 from placebo
group) were analyzed for verbal IQ and performance IQ us-
ing WPPS1-111 and overall executive function using BRIEF-P

iodine deficient pregnant women had no effect on child neuro-
development at 5–6 years.

3. Systematic reviews assessing impact of gestational iodine supplementation

Zhou et al. (2013) Systematic review to assess the benefits and safety of gesta-
tional and peri-conceptional iodine to women on growth
and development of children. Secondary outcomes were
pregnancy outcome and thyroid function.
Eight trials met inclusion criteria, only two studies looked at
the main outcomes.

1. Effects of iodine supplementation on the thyroid function of
mothers and their children were inconsistent.
2. Lack of high quality RCTs to assess growth and development
outcome.
Growth and development outcome not recorded in 6/8 studies.
The only two trials which assessed growth and developmental
outcome were conducted in areas of severe iodine deficiency
showed clear benefits.

Taylor et al. (2014) Meta-analysis of nine RCT and eight observational studies on
gestational iodine supplemenation.

Gestational iodine supplementation reduced maternal thyroid
volume and serum thyroglobulin and in some studies prevented
a rise in serum TSH. Though the observational studies showed
increased frequency of thyroid dysfunction, the interventional tri-
als did not confirm this. A pooled analysis of two RCTs which
measured cognitive function in school age children showed mod-
est benefits.

BRIEF-P, Behavior Rating Inventory of Executive Function-Preschool version; FSIQ, full scale intelligence quotient; IQ, intelligence quotient; LT4, levothyroxine; RCT, randomized con-
trolled trial; TSH, thyroid-stimulating hormone; UIC, urine iodine concentration; WPPSI, Wechsler Preschool and Primary Scale of Intelligence.
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Table II Prior publications on iodine excess in pregnancy.

1. Effects on maternal thyroid function

Publication year and author Source of iodine excess Study methodology/
characteristics

Relevant outcome

Kaneshige et al. (2015) Hysterosalpingogram with Lipiodol
dye (Lipiodol HSG)

Prospective cohort study-urinary io-
dine levels and TSH of 22 women who
underwent Lipiodol HSG

Increased incidence of transient SCH
following Lipiodol HSG.
Biochemical hypothyroidism with rise
in TSH corresponding to elevated io-
dine levels from 4 to 24 weeks follow-
ing Lipiodol HSG.

Mekaru et al. (2008) Lipiodol HSG Retrospective study-TFT analysis of
214 women who underwent Lipiodol
HSG

14 women (6.5%) developed hypothy-
roidism. This included 10/28 (35.5%)
in the group with baseline subclinical
hypothyroidism and 4/180(2.2%)
among those who were baseline eu-
thyroid. This suggested higher inci-
dence of hypothyroidism in those with
underlying SCH.

Soet al. (2017) OSCM or WSCM HSG Retrospective study-TFT analysis of
164 women who underwent HSG
with OSCM and 94 women who
underwent HSG with WSCM

22.6% of women in OSCM group de-
veloped subclinical hypothyroidism
whereas 9.5% in the WSCM group de-
veloped SCH. The increase in TSH
value post OSCM HSG was statisti-
cally significant (P< 0.05).

Shi et al. (2015) Dietary iodine 7190 pregnant women checked for
UIC, TFT, thyroid antibodies and Tg
at 4–8 weeks gestation

More-than-adequate iodine intake
(UIC 250–499 lg/l) and excessive io-
dine intake (UIC � 500 lg/l) were as-
sociated with a 1.72-fold and a 2.17-
fold increased risk of subclinical hypo-
thyroidism, respectively. Meanwhile,
excessive iodine intake was associated
with a 2.85-fold increased risk of iso-
lated hypothyroxinemia.

Pedersen et al. (2011) Introduction of population based
Iodine supplementation of bread and
household salt aiming to increase io-
dine intake by an average 50mg/day

Cross-sectional population studies in
Denmark in 1997–1998 (n¼ 4649)
and 2004–2005 (n¼ 3570). The sec-
ond cohort was after 4–5 years of in-
troduction of mandatory iodine
supplementation.
(Age group 15-65 years, included re-
productive age group women)

In all sex and age groups, the preva-
lence rate of TPO-Ab and/or Tg-Ab
increased significantly. The prevalence
rate of Tg-Ab increased significantly in
women aged 18–45.

Rebagliato et al. (2013)
Iodine supplementation during preg-
nancy and infant neuropsychological
development (INMA mother and child
cohort)

Iodine supplements n¼ 1519, children assessed with
Bayley scales of infant development

Maternal iodine consumption of
150mg/day or more of iodine from
supplements was related to 1.5-fold
increase in the odds of a psychomotor
score less than 85 and 1.7-fold in-
crease in the odds of a mental score
less than 85.

2. Effects on pregnancy outcome

Purdue-Smithe et al. (2019) Dietary iodine Prospective, population-based, nested
case–control study from Finland
(2012–2013).
Serum iodide, Tg and TSH measure-
ment at 10–14 weeks gestation.
(n¼ 208)

Each log-unit increase in serum iodide
was associated with higher odds of
preterm birth (adjusted OR ¼ 1.19,
95% CI ¼ 1.02–1.40). But no associa-
tion between iodine status and small-
for-gestation.

3. Effects on neonatal thyroid function

Satoh et al. (2015) Preconception HSG Retrospective study-212 new-borns
conceived following Lipiodol HSG in
mothers assessed for congenital hypo-
thyroidism (CH)

Five out of 212 had new-born TSH ab-
normalities with two having perma-
nent hypothyroidism and three with
hyperthyrotropinemia. This is a rate of
�1 in 100 as against a background

(continued)
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..Lipiodol was studied in rats to understand its effect in the uterus.
Rats demonstrated alteration in the endometrial dendritic cell pheno-
type after Lipiodol instillation. Dendritic cells are important antigen
presenting cells and may regulate establishment and maintenance of
implanted embryo, which is foreign to the endometrium (Johnson
et al., 2005). With each ml of Lipiodol having 480 mg of iodine, it is
possible that iodine is the component in Lipiodol responsible for this
immunological change in the uterine endometrium, improving implan-
tation of the embryo. On the other hand, a large volume of iodine
(50 ml) instilled into the uteri of mares resulted in severe edema and
hemorrhage in the lamina propria with vacuolization, necrosis and
blood vessel changes (van Dyk and Lange, 1986). This study suggests
that large doses of iodine can be toxic while smaller doses such as
that in the rat study may be beneficial in inducing a favorable uterine
environment for normal reproduction.

Iodine-ovarian effects
Iodine is essential for normal thyroid hormone synthesis and release
and thereby indirectly promotes ovulation. Normal TSH promotes fol-
licular growth in oocytes. TSH acts on the FSH receptors due to the
structural similarity and enhances FSH induced pre antral follicular
growth (Kobayashi et al., 2009).

In addition, iodine has direct action on the ovaries. Second only to
the thyroid gland, ovaries have significant expression of the sodium-
iodine symporter gene and this leads to iodine accumulation in ovaries
after a large dose of iodine. The reason for the high ovarian iodine up-
take remains largely unknown. However, studies done to understand
the effect of radioactive iodine treatment on ovaries demonstrated
that small and growing follicles take up more iodine and this appears
to be crucial for ovarian granulosa cell secretory activities
(Slebodzi�nski, 2005). Iodine first accumulates in the walls of large
Graafian follicles with maximal uptake by 4 h, followed by a shift to the
follicular fluid. Estrogen can modify the iodine uptake by ovaries.
Estradiol increases proliferation, but down-regulates the sodium-iodine
symporter gene expression (Furlanetto et al., 1999).

Iodine deficiency, when artificially created in cows, resulted in an-
ovulatory cycles. In contrast, pregnancy rates improved after adding io-
dine to their feeds, suggesting a causal-effect relationship between
iodine and ovulation (Hidiroglou, 1979). Again, the optimal level of io-
dine is critical and excess iodine can have deleterious effects on ova-
ries as shown by Mahapatra and Chandra (2017) and Mahapatra et al.
(2017) in murine studies. The iodine toxicity to ovaries was dose-
dependent in their studies and associated with a negative fertility index.
While 100-fold elevation of iodine levels produced hypoestrogenemia

............................................................................................................................................................................................................................

Table II Continued

1. Effects on maternal thyroid function

Publication year and author Source of iodine excess Study methodology/
characteristics

Relevant outcome

incidence of one in 2000 for CH in
Japan.

van Welie et al. (2020) Preconception HSG Retrospective TSH analysis of babies
conceived after Lipiodol HSG, n¼ 140
(76 OSCM and 64 WSCM)

No abnormal new-born screen for hy-
pothyroidism (T4 based screening)

Lomenick et al. (2004) Amiodarone in pregnancy
(75 000mg iodine/tablet)

Analysis of 69 case reports of amio-
darone use in pregnancy

23% infants (16/69) developed hypo-
thyroidism and two developed hyper-
thyroidism.56% of hypothyroid infants
were exposed to amiodarone in the
third trimester.

Thomas Jde and Collett-Solberg
(2009)

Prenatal vitamins with high iodine
(error in formulation- 400 times the
recommended daily dietary intake)

Medical record review of children pre-
senting with congenital goitre in 2003-
pubmed search of publications

Prenatal vitamin containing excess io-
dine resulted in eight cases of congeni-
tal goitre, with three of them with
hypothyroidism needing thyroxine.
Three babies (two hypothyroid and
one euthyroid) had thyroid scintigra-
phy similar to dyshormonogenesis.

Nishiyama et al. (2004) Maternal dietary iodine Analysis of babies with congenital
new-born thyroid screen positivity

Fifteen had hyperthyrotropinemia sec-
ondary to high iodine intake in moth-
ers (480–3180mg/day). Twelve of
these babies required thyroxine.

Connelly et al. (2012) Prenatal vitamins containing high io-
dine (12 500mg/day of iodine)

Case report Three infants with CH detected in
new-born screening were associated
with excess maternal iodine intake,
high iodine level in baby’s blood and
urine.

OR, odds ratio; OSCM, oil-soluble contrast medium; SCH, subclinical hypothyroidism; TFT, thyroid function test; Tg-Ab, thyroglobulin antibody; TPO-Ab, thyroid peroxidase anti-
body; UIC, urine iodine concentration; WSCM, water-soluble contrast medium.
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in rats, a 500-fold elevation resulted in hyperthyroxinemia and subse-
quent hyperestrogenemia, both situations negatively affecting fertility
(Mahapatra and Chandra, 2017). These animal studies again point to
an optimal iodine level necessary for normal ovarian reserve and re-
productive function.

Iodine-immunological effects
Successful pregnancy involves a complex interplay between immune
cells and cytokines to promote or restrain inflammation at the mater-
nal–fetal interface. An imbalance between Th17 (T helper cell), Treg
(regulatory T cell) and NK cells (natural killer cell) can result in unex-
plained spontaneous recurrent abortions (Zhao et al., 2018).
Dysregulated lymphocyte subsets and abnormal expression of cyto-
kines were also found to be associated with recurrent implantation fail-
ure in women with chronic endometriosis (Wang et al., 2019). Iodine
excess can alter the lymphocyte subset population as demonstrated
by murine studies (Johnson et al., 2005; Yang et al., 2014; Saha et al.,
2019). Murine studies examining the pathogenesis of autoimmune thy-
roiditis after an iodine load revealed that excess iodine upregulated
Th17 cells, promoting inflammation. In addition, there was suppression
of Treg cells (Yang et al., 2014). These studies suggest that iodine
alters immunological milieu, potentially playing a role in embryo im-
plantation. It is possible this could be detrimental to pregnancy length,
with one population trial showing that each log-unit increase in serum
iodide was associated with higher odds of preterm birth (Purdue-
Smithe et al., 2019). Our literature review did not find any evidence to
suggest increased or recurrent pregnancy losses with iodine excess.
Similarly, there was no evidence that iodine deficiency seen at the lev-
els in the current developed world resulted in increased pregnancy
loss (Mills et al., 2019).

Ideal therapeutic iodine
supplementation in UI
Lipiodol HSG has been shown to improve fertility in women with en-
dometriosis and UI (Johnson et al., 2004; Mohiyiddeen et al., 2015;
Dreyer et al., 2017; van Rijswijk et al., 2018).

However, a study in a small group of 22 women by Kaneshige
et al. (2015) raised safety concerns, with 100-fold elevation of iodine
levels in women undergoing Lipiodol HSG procedure. With Lipiodol
having a long half-life (50 days) and assuming a conservative 2 ml of
Lipiodol is retained following an HSG, about 480 mg of iodine is re-
leased in the initial 50 days. This is approximately 10 000 mg/day,
which is more than 50 times the recommended daily allowance.
Even after 5 half-lives or 250 days, about 600 mg/day of iodine is re-
leased, which is still 3-fold the normal requirement. Excess iodine
load can cause transient hypothyroidism by the Wolff–Chaikoff ef-
fect (Leung and Braverman, 2014). In certain situations, such as au-
toimmune thyroiditis and in the fetus and neonate, the effect may
be more severe and persistent resulting in prolonged
hypothyroidism.

Indeed, an increased incidence of transient subclinical hypothy-
roidism in women undergoing Lipiodol HSG has been shown
(Mekaru et al., 2008; Kaneshige et al., 2015; So et al., 2017).
Suppression of thyroid function was more enhanced in those with

baseline subclinical hypothyroidism, with more than a third develop-
ing overt hypothyroidism (Mekaru et al., 2008). In addition, thyroid
suppression following Lipiodol (480 mg iodine) lasted longer com-
pared to that caused by water-soluble contrast (Isovist, 300 mg io-
dine) (So et al., 2017). Importantly, these studies were in Japanese
populations who generally had sufficient or excess iodine at baseline
due to seaweed consumption and extrapolation to other popula-
tions may not be possible. In addition, these studies did not directly
compare the iodine levels to the thyroid function and had methodo-
logical issues including variable timing of thyroid function
assessment.

Excess iodine during pregnancy can also potentially affect the fetal
thyroid gland development and neonatal thyroid function. There have
been multiple case reports of amiodarone therapy during pregnancy
causing newborn hypothyroidism (Laurent et al., 1987; Bretremieux
et al., 1988; Aguilar et al., 1992; Bartalena et al., 2001). The thyroid
dysfunction was transient with the neonates requiring only short term
thyroid hormone replacement, suggesting the underlying etiology was
fetal iodine exposure and a prolonged Wolff–Chaikoff effect causing
suppression of fetal thyroid hormone release (Lomenick et al., 2004).
Transient TSH abnormalities and permanent hypothyroidism were
similarly observed in babies conceived in the immediate cycles follow-
ing Lipiodol HSG in a study on 212 neonates conceived within
6 months of Lipiodol HSG in Japan (Satoh et al., 2015). This, however,
was not replicated in a later study on a Caucasian population (van
Welie et al., 2020) which found no increase in hypothyroidism for
babies conceived following Lipiodol HSG. The later study was a post
hoc analysis in a Dutch population and used a screening program with
T4 followed by TSH, possibly missing cases of transient
thyrotropinemia.

This brings us to the possibilities of alternative methods of Lipiodol
or iodine administration with similar fertility advantage, but better
safety profile. Whether iodine given either by a subcutaneous or intra-
muscular route improves fertility to the same extent as Lipiodol HSGs
remains unclear. Lipiodol given as single oral dose of three capsules
(570 mg of iodine) vs a single intramuscular dose (1 ml of Lipiodol–
480 mg of iodine) produced similar iodine profile in a case–control
study with no clinical or laboratory adverse effects (Leverge et al.,
2003). Subcutaneous single dose of Lipiodol in iodine-deficient sheep
resulted in 100% pregnancy rates vs 37% among the controls (Ferri
et al., 2003). Oral and intramuscular iodized oil had similar effective-
ness in prevention of thyroid disorders in Zaire (Phillips et al., 1988).

In conclusion, more studies are warranted to understand the role of
iodine and Lipiodol in UI. Lipiodol hysterosalpingography has proven
beneficial in UI, however the safety aspects of chronic iodine excess
need further study. It is possible that higher iodine levels improve con-
ception and this will need to be balanced against the potential for ma-
ternal and offspring morbidity. The safe and efficacious dose in UI,
iodine preparation and route of administration are also areas that re-
quire further research.

Data availability
No new data were generated or analyzed in support of this research.
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