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SPECIAL FEATURE

Review

A Review: Radiographic lodinated Contrast
Media-Induced Thyroid Dysfunction

Sun Y. Lee,* Connie M. Rhee,* Angela M. Leung, Lewis E. Braverman,
Gregory A. Brent,” and Elizabeth N. Pearce"

Section of Endocrinology, Diabetes, and Nutrition (S.Y.L., L.E.B., E.N.P.), Boston University School of
Medicine, Boston, Massachusetts 02118; Division of Nephrology and Hypertension (C.M.R.), Department
of Medicine, University of California Irvine, Orange, California 92868; and Division of Endocrinology
(A.M.L., G.A.B.), Department of Medicine, David Geffen School of Medicine, University of California Los
Angeles, Los Angeles, California 90095

Context: Thyroid hormone production is dependent on adequate iodine intake. Excess iodine is
generally well-tolerated, but thyroid dysfunction can occur in susceptible individuals after excess
iodine exposure. Radiological iodinated contrast media represent an increasingly common source

of excess iodine.

Objective: This review will discuss the thyroidal response after acute exposure to excess iodine;
contrast iodine-induced thyroid dysfunction; risks of iodine-induced thyroid dysfunction in vul-
nerable populations, such as the fetus, neonate, and patients with impaired renal function; and
recommendations for the assessment and treatment of contrast iodine-induced thyroid

dysfunction.

Methods: Data for this review were identified by searching PubMed, Google Scholar, and refer-
ences from relevant articles from 1948 to 2014.

Conclusions: With the increase in the use of computed tomography scansin the United States, there
is increasing risk of contrast-induced thyroid dysfunction. Patients at risk of developing iodine-
induced thyroid dysfunction should be closely monitored after receiving iodinated contrast media
and should be treated as needed. (J Clin Endocrinol Metab 100: 376-383, 2015)

Iodine is actively transported into the thyroid gland by

the sodium-iodine symporter (NIS) (1). NIS gene ex-
pression and membrane localization are stimulated by
TSH (2). Once in thyroid follicles, iodine is used for the
synthesis of the thyroid hormones, T, and Tj.

In susceptible individuals, exposure to supraphysi-
ological amounts of iodine can result in thyroid dysfunc-
tion. Sources of iodine excess include radiographic iodin-
ated contrast media (ICM), medications, diet, skin
cleansers, and nutritional supplements. With increased
use of computed tomography (CT) scans in the United
States over the past 10 years (3), approximately 70 million
scans annually as of 2007 (4), ICM is an increasingly com-
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mon source of excess iodine. The iodine content in ICM
(320 to 370 mg/mL) is much higher than the US recom-
mended daily allowance of 150 ug for adultsand 220-290
pg for pregnant and lactating women (3, 6). The tolerable
upper limit (the approximate threshold below which sig-
nificant adverse effects are unlikely to occur in a healthy
population) for iodine is 1100 pg/d in adults (7).

Materials and Methods

Data for this review were identified by searching PubMed,
Google Scholar, and references from relevant articles using the
search terms “Wolff-Chaikoff,” “Jod-Basedow,” “iodine” and
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“hyperthyroid,” “iodine” and “hypothyroid,” “iodine” and
“thyrotoxicosis,” “contrast-induced hyperthyroidism,” “con-
trast-induced hypothyroidism,” “contrast-induced thyrotoxico-
sis,” “iodine-induced thyroid dysfunction,” “thyroid dysfunc-
tion after CT scan,” “thyroid dysfunction after iodinated
contrast,” and “iodine content in radiographic contrast.” Arti-
cles published between 1948 and 2014 were included.

Overview of Radiographic Contrast Media
and Its lodine Content

Compared to high osmolar contrast media, low osmolar
contrast media have fewer toxic side effects, such as sud-
den changes in hemodynamic parameters from introduc-
tion of hyperosmolar solutions into the circulation (8).
Low osmolar (600-1000 mOsm/kg) and iso-osmolar
(280-290 mOsm/kg) contrast agents are preferentially
used in patients with chronic kidney disease (CKD) to
reduce the risk of contrast-induced nephropathy (9).
However, they have a higher ratio of iodine atoms to the
number of contrast particles in solution as compared with
high osmolar agents and hence have a greater concentra-
tion of iodine than the high osmolar (1500-2000 mOsm/
kg) agents (9, 10). In both high and low osmolar agents,
the iodine content is far greater than the recommended
daily allowance (Table 1). Patients generally receive be-
tween 50 and 100 mL of contrast per CT scan. Higher
doses may be required for invasive procedures such as
cardiac catheterization. Typical doses for CT scans pro-
vide 2500 to 5000 pg of bioavailable free iodine and 15
to 37 g of total iodine (11). Nonbioavailable iodine may
be liberated to free iodide, particularly with increased
circulating times in the body (ie, impaired kidney func-
tion) (11, 12).

After ICM administration, iodine stores remain ele-
vated for up to 4 -8 weeks in patients with intact thyroids
(13). In euthyroid, healthy US adults with intact thyroid
and renal function, median urinary iodine concentrations
increased by 300% from baseline to peak levels, and they

Table 1. Commonly Used Radiographic Contrast
Media With lodine Contents and Osmolarity

lodine Content,

Name (Trade Name) mg I/mL Osmolarity
lonic contrast media
Diatrizoate (Hypaque 50) 300 High
loxaglate (Isopaque 370) 370 Low
lothalamate (Conray) 320 Low
Nonionic contrast media
lopamidol (Isovue 370) 370 Low
lohexol (Omnipaque 350) 350 Low
loxilan (Oxilan 350) 370 Low
lodixanol (Visipaque 320) 320 Low
loversol (Optiray 350) 350 Low
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did not return to baseline until a median of 43 days after
ICM administration (14). In a study of athyreotic patients
in Brazil, urinary iodine levels did not normalize until 1
month after undergoing a single iodinated CT scan (15).

Thyroidal Response to Acute Exposure to
Excess lodine

Wolff-Chaikoff effect

The acute thyroid response to excess iodine exposure,
known as the acute Wolff-Chaikoff effect, was first de-
scribed in 1948 (16). In rats exposed to high amounts of
iodide, transient reduction in thyroid hormone synthesis
was observed. The mechanism for this acute Wolff-Chai-
koff effect is partially explained by generation of sub-
stances such as iodolactones, iodoaldehydes, and/or iod-
olipids, that inhibit thyroid peroxidase (TPO) activity,
which is necessary for thyroid hormone synthesis (17-19).
A decrease in the hydrolysis of thyroglobulin and subse-
quent decrease in thyroid hormone secretion have also
been suggested as contributing mechanisms (20-22).

The transient decrease in thyroid hormone synthesis of
the acute Wolff-Chaikoff effect does not normally lead to
hypothyroidism. In rats, normal thyroid function resumes
within 24-48 hours, despite continued excess iodine ex-
posure, a phenomenon known as the escape from the acute
Wolff-Chaikoff effect (23). Early studies of the escape phe-
nomenon suggested that it was due to a reduction in the
active transport of iodide into the thyroid (24). In 1999,
Eng et al (25) reported a striking reduction in the NIS by
24 hours after excess iodine exposure as the mechanism of
the escape. The subsequent decrease in the active transport
of iodide into the thyroid leads to the resumption of nor-
mal hormone synthesis in both rats and humans (25, 26)
(Figure 1). A recent study showed that acute iodide exposure
activates the phosphatidylinositol-3-kinase/protein kinase B
pathway and generates reactive oxygen species, leading to
NIS down-regulation (27).

lodine-induced hyperthyroidism

When the normal response to excess iodine, the acute
Wolff-Chaikoff effect, is impaired, thyroid dysfunction
can occur. Excess iodine intake can result in transient or
permanent hyperthyroidism in susceptible individuals
(26, 28, 29). Todine-induced hyperthyroidism, known as
the Jod-Basedow phenomenon, was first described in
1821 (30). The hyperthyroidism may be due to quiescent
nodules that become hyperfunctioning when exposed to
excess iodine. Risk factors include nontoxic diffuse or
nodular goiter, latent Graves’ disease, and long-standing
iodine deficiency (31, 32).
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Figure 1. The Wolff-Chaikoff Effect.

Panel A shows a propsed mechanism of the acute Wolff-Chaikoff effect. During the the first day of iodine exposure, the sodium-iodide symporter
transports the excess iodine into the thyroid, resulting in transient inhibition of thyroid peroxidase (TPO) and a decrease in thyroid hormone
synthesis. Panel B shows the mechanism that turns off the acute Wolff-Chaikoff effect: a dramatic decrease in sodium-iodide symporter expression
results in decreased iodine transport and the subsequent resumption of thyroid hormone synthesis. DIT denotes diiodotyrosine, | iodide, MIT

monolodotyrosline, T; triiodothyronine, and T, thyroxine.

Reprinted from P. Pramyothin et al: Clinical problem-solving. A hidden solution. N Engl J Med. 2011;365:2123-2127 (26), with permission. ©

Massachusetts Medical Society.

lodine-induced hypothyroidism

Todine-induced hypothyroidism occurs when the thy-
roid fails to escape from the acute Wolff-Chaikoff effect.
It occurs in euthyroid patients with a wide variety of un-
derlying thyroid abnormalities, including pre-existing
thyroid disease, such as Hashimoto’s thyroiditis, previ-
ously treated euthyroid Graves’ disease, and a history of
thyroid lobectomy, postpartum lymphocytic thyroiditis,
interferon-a therapy, or type 2 amiodarone-induced thy-
rotoxicosis (19, 33-35).

Contrast-Induced Thyroid Dysfunction

Contrast-induced hyperthyroidism

Thyroid dysfunction may arise after ICM use, even in
individuals without prior thyroid dysfunction and with
normal thyroid glands. ICM exposure in 39 previously
euthyroid German patients was associated with signifi-
cantly increased serum Tj levels and suppressed TSH lev-
els (36). Conn et al (37) reported a trend toward hyper-
thyroidism after nonionic contrast radiography in a
cohort of 73 patients (mean age, 65.7 y), a result similar to
that reported by Nygaard et al (38), whose study included
some patients with pre-existing thyroid disease. In a Turk-
ish study of 101 patients who underwent coronary an-
giography, 6% developed subclinical hyperthyroidism at
8 weeks after iodine exposure (39). Case reports include a
53-year-old woman who developed thyroid storm and
cardiopulmonary arrest immediately after an iodinated

radiological study (38) and a 76-year-old man with prior
amiodarone use who developed new-onset atrial fibrilla-
tion after eight iodinated CT scans over 10 months (40).

A recent retrospective case-control study by Rhee et al
(41) examined the association between ICM use and thy-
roid dysfunction at two tertiary US hospitals over 20
years. Patients without pre-existing thyroid dysfunction
who received a single ICM dose had a 2- to 3-fold in-
creased risk of developing either incident hyperthyroidism
or overt hypothyroidism at a median of 9 months after
exposure, compared to unexposed patients. Subsequently,
Rheeetal (42) studied a large, community-based cohort of
ambulatory patients. In patients without pre-existing thy-
roid disease, those with ICM exposure had 1.6 -2 times the
odds of developing incident hyperthyroidism and incident
overt hypothyroidism compared to unexposed patients.

In contrast, an Italian study of over 1700 patients re-
ported a low incidence of hyperthyroidism of 1.9% after
coronary angiography (43). Similarly, hyperthyroidism
was not seen in a US study of 56 patients who underwent
coronary angiography (44). The low rate of contrast-in-
duced hyperthyroidism in the Italian study, conducted in
an iodine-deficient region, was likely due to the use of
antithyroid medications and/or radioactive iodine abla-
tion before contrast exposure.

Contrast-induced hypothyroidism
Studies examining hypothyroidism after ICM exposure
have reported conflicting data. Frequently, thyroid func-
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Table 2.
Dysfunction

Risk Factors for lodine-Induced Thyroid

lodine-induced hyperthyroidism
Nontoxic nodular goiter
Latent Graves' disease
Long-standing iodine deficiency
lodine-induced hypothyroidism
Hashimoto’s thyroiditis
Euthyroid Graves’ disease previously treated with surgery,
radioactive iodine, or antithyroid drug therapy
History of partial thyroidectomy
History of postpartum lymphocytic thyroiditis or subacute
thyroiditis
History of interferon-a therapy
History of type 2 amiodarone-induced thyrotoxicosis
Fetus or neonates

tion remains within the normal range, and clinical symp-
toms of hypothyroidism are rare (38,45-47). In a study of
patients with no underlying thyroid dysfunction and no
palpable goiter, iodine from CT or angiography resulted in
significant increases in serum TSH concentrations up to
6.4 mIU/L in 18% of patients within 3-5 days. Serum free
T, and free T; concentrations remained unchanged, al-
though the study was underpowered to assess small
changes in thyroid hormone levels (48). Another recent
study demonstrated an association between ICM expo-
sure and the development of overt hypothyroidism (41).
One limitation was that this was a retrospective study with
variable duration between ICM exposure and the devel-
opment of incident hypothyroidism (median, 158 d; in-
terquartile range, 50-294 d).

Some patients with transient iodine-induced hypothy-
roidism later develop permanent hypothyroidism (33),
which suggests that the failure to escape from the acute
Wolff-Chaikoff effect may be related to thyroid autoim-
munity or underlying structural abnormalities of the thy-
roid gland (Table 2). The presence of TPO antibodies, a
marker of thyroid autoimmunity, may indicate a predis-
position to iodine-induced thyroid dysfunction. A de-
crease in mRNA levels of TPO has been shown in animal
studies of iodine-induced hypothyroidism (19), as well as
decreased organification and increased iodide discharge-
ability in patients who developed iodide-induced myx-
edema (49, 50). Therefore, underlying subtle defects in the
organification of iodide may be another mechanism of
iodine-induced hypothyroidism (31). Susceptible individ-
uals may also have underlying NIS dysfunction (25). Per-
haps the failure to decrease NIS expression in the presence
of large quantities of plasma iodine is related to underlying
autoimmune disease, given a higher incidence of iodine-
induced hypothyroidism in patients with a history of au-
toimmune thyroid disease (28).
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Thyroid Dysfunction After Excess lodine
Exposure in Susceptible Populations

ICM exposure in utero and during neonatal life
and the risk of fetal hypothyroidism

The fetus is at particular risk for developing hypothy-
roidism after in utero exposure to radiographic ICM. Fetal
TSH secretion begins at approximately 12 weeks gesta-
tion, but fetal iodine uptake and thyroid hormone pro-
duction do not occur until approximately 18-20 weeks
gestation. The fetal thyroid is particularly sensitive to io-
dine overload because the ability to fully escape from the
acute Wolff-Chaikoff effect does not mature until approx-
imately 36 weeks (31, 51). In rats, exposure to excess i0-
dine during pregnancy and lactation results in fetal and
neonatal hypothyroidism in the pups, and escape from the
acute Wolff-Chaikoff effect in pups occurs at age 21 days
postpartum, which corresponds to term gestation in hu-
mans (52). Iodine easily crosses the placenta, and maternal
exposure to iodide or iodine-containing medications may
result in transient hypothyroidism and goiter in infants
(19, 35, 53). However, because current ICM are water-
soluble and readily cleared from the body, fetal exposure
to high iodine loads from ICM is transient. One case series
of in utero contrast exposure in pregnancy demonstrated
no significant neonatal hypothyroidism (51), and several
small studies have shown that administration of ICM dur-
ing pregnancy does not result in a significant increase in
fetal thyroid dysfunction (51, 54-56). However, high-os-
molar lipid-soluble ICM, with their delayed excretion,
confer a greater risk of fetal hypothyroidism, and these
should be used with caution in pregnancy.

A literature review regarding ICM exposure in utero
and via breast milk showed that there were no associated
teratogenic or mutagenic effects in animals (53). Although
iodine is concentrated at 20—50 times higher amounts in
breast milk compared to plasma, due to NIS expression in
lactating mammary glands (19, 57), the amount of ICM
excreted in breast milk is low, with only 0.02-0.5% of the
water-soluble iodinated contrast dose given to mothers
excreted in breast milk (53). The recommended adequate
intake for iodine is 110 pg/d for infants aged 0—6 months
and 130 pg/d for infants aged 7-12 months. The tolerable
upper limit is not defined in neonates/infants because of a
lack of sufficient data; the current threshold for children
aged 1-3 years is 200 ug/d (6). Although the amount of
iodine excreted in breast milk after maternal ICM expo-
sure is higher than the adequate intake, the duration of
iodine exposure to infants is brief.

Although exposure to ICM during pregnancy does not
appear to be associated with subsequent fetal or neonatal
hypothyroidism, excess iodine exposure both during preg-
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nancy and in the first few weeks of life may cause hypo-
thyroidism in newborns. Cases of neonatal iodine-induced
hypothyroidism have been recently reported after mater-
nal exposure to iodine-rich seaweed soup or ingestion of
Iodoral (a high-potency over-the-counter iodine supple-
ment) (58, 59) and neonatal exposure to ICM at 1-2 weeks
of life in the management of congenital cardiac disease (60,
61). Prematurity appears to increase the risk of contrast-
induced hypothyroidism in neonates; a systematic review
by Ahmet et al (62) showed that 8.3% of term infants and
18.3% of premature infants studied developed hypothy-
roidism after ICM exposure. Because even transient fetal
and neonatal hypothyroidism can be detrimental to neu-
rodevelopment, serum TSH levels should be followed
closely during the first few weeks of life after maternal or
neonatal contrast exposure, and thyroid function should
be monitored in nursing infants whose mothers receive
iodinated contrast agents.

Contrast-induced thyroid dysfunction in patients
with impaired renal function

Epidemiological data suggest that predialysis CKD and
end-stage renal disease (ESRD) patients are at increased
risk for thyroid disease, such as hypothyroidism and goiter
(63-69). Although the mechanism for this is unclear, io-
dine excess may be a risk factor for thyroid dysfunction in
CKD and ESRD (63, 64). lodine is renally excreted, and
several case series have reported iodine-induced hypothy-
roidism among adult and pediatric dialysis patients with
high dietary iodine intake (70, 71) or exposure to povi-
done-iodine cleansing agents (72).

In patients with normal renal function, ICM is rapidly
excreted (ty),, ~2 h) by glomerular filtration. However, in
moderate to severe renal dysfunction, contrast elimination
is delayed (ty5, ~30 h) (73), which may result in greater
cumulative iodide exposure (74). Given their frequent
need for interventional procedures employing contrast
(eg, fistulograms, cardiac catheterizations) and perceived
invulnerability to contrast-induced nephropathy, ESRD
patients may be disproportionately exposed to contrast,
compared to general and predialysis CKD populations.
Moisey et al (12) described a hemodialysis patient who
developed post-angiography thyrotoxicosis in the context
of significantly elevated plasma iodine levels. However, it
has yet to be determined whether there is a stronger asso-
ciation between contrast exposure and thyroid dysfunc-
tion in patients with impaired renal function. In the study
by Rhee et al (41), a differential association between con-
trast agents and hyperthyroidism according to the level of
renal function was not observed. However, the low prev-
alence of renal failure in this cohort may have limited the
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ability to detect effect modification by estimated glomer-
ular filtration rate.

Assessment and Treatment of Contrast
lodine-Induced Thyroid Dysfunction

Guidelines of the Contrast Media Safety Committee of the
European Society of Urogenital Radiology recommend
that high-risk patients should be monitored for thyroid
dysfunction after ICM exposure (11). There are currently
no US guidelines for screening or following at-risk patients
receiving iodinated contrast.

Diagnosis and management of contrast-induced
hyperthyroidism

The development of hyperthyroidism may occur up to
several weeks after ICM exposure (14, 15). Symptoms of
hyperthyroidism include palpitations, weight loss, tremor,
insomnia, anxiety, diarrhea, hair loss, and heat intoler-
ance. Serum TSH concentrations will be suppressed, and
T, free T, and/or total T5 concentrations may be elevated.
The serum TSH is the most useful initial test for screening.
Thyroid nuclear imaging can help determine the etiology
of hyperthyroidism. Low radioiodine uptake is seen in
iodine-induced hyperthyroidism because the radioiodine
uptake is inversely related to plasma iodine concentra-
tions. A spot urinary iodine concentration may be helpful
to support iodine excess as the cause of hyperthyroidism
and to monitor continued iodine exposure over time (26,
75). A European study showed a positive correlation be-
tween low uptake in thyroid scintigraphy and low risk of
development of hyperthyroidism after coronary angiog-
raphy (76); however, this may not be cost-effective as a
screening test and may not be applicable in areas of suf-
ficient iodine intake, such as the United States.

Once contrast-induced hyperthyroidism is diagnosed,
further excess iodine exposure should be avoided. Patients
should be monitored after subsequent ICM exposure. Al-
though contrast-induced hyperthyroidism is generally
transient and resolves after withdrawal of iodine, symp-
tomatic patients may be treated with a B-blocker and/or
methimazole. In selected patients at high risk of develop-
ing contrast-induced hyperthyroidism or in patients with
underlying cardiac disease such as atrial fibrillation, cli-
nicians may consider prophylactic antithyroid drug ther-
apy with methimazole or perchlorate, a competitive in-
hibitor of NIS that blocks excess iodine transport into the
thyroid, before ICM administration. Although not avail-
able for medical use in the United States, 200 mg of re-
agent-grade sodium or potassium perchlorate can be for-
mulated in capsules and given twice or three times daily.
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A prospective randomized study by Nolte et al (77)
showed that prophylaxis with thiamazole 20 mg/d or so-
dium perchlorate 900 mg/d, starting on the day of coro-
nary angiography and continuing for 14 days, resulted in
protection against TSH suppression.

Diagnosis and management of contrast-induced
hypothyroidism

There is no indication for routine universal screening
for hypothyroidism in patients after ICM because this
would not be cost-effective. Rather, we recommend mon-
itoring only in patients with known underlying thyroid
disease and in those who develop signs and symptoms of
hypothyroidism (Table 2). Common signs and symptoms
of hypothyroidism include fatigue, cold intolerance, con-
stipation, weight gain, delayed relaxation of deep tendon
reflexes, bradycardia, and periorbital edema (78). Symp-
toms should be carefully evaluated, especially in elderly
patients, who are at increased risk for severe hypothyroid-
ism (ie, myxedema coma) when there are additional in-
sults, such as superimposed infection or the administra-
tion of sedatives.

If hypothyroidism is suspected, a serum TSH level
should be measured. TPO antibody titers may be checked
to assess for underlying thyroid autoimmunity. If the se-
rum TSH is = 10 mIU/L, treatment with levothyroxine is
warranted. When the serum TSH is 5-10 mIU/L, treat-
ment can be considered if the patient is symptomatic. Thy-
roid function should be carefully followed in untreated
patients. After starting levothyroxine, serum TSH should
be measured every 612 weeks, with dose titration until a
stable dose of levothyroxine is established. Because ICM-
induced hypothyroidism is frequently transient, levothy-
roxine may be tapered after a few months of treatment.
However, even after the resolution of contrast-induced
hypothyroidism, we recommend continued monitoring,
given the risk of developing permanent hypothyroidism.

Summary

The incidence of contrast-induced thyroid dysfunction in
the United States is unknown, but risk is increasing with
the increased use of CT scans. Although most cases of
contrast-induced thyroid dysfunction are transient, there
is a risk for serious complications, such as atrial fibrilla-
tion with hyperthyroidism and myxedema coma with hy-
pothyroidism, especially in elderly patients. The fetus and
neonate are susceptible to developing iodine-induced hy-
pothyroidism after maternal or neonatal ICM exposure.
Patients with impaired renal function, underlying thyroid
disease, or a history of thyroid dysfunction are also at
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higher risk of contrast-induced thyroid dysfunction. These
patients should be closely monitored for thyroid dysfunc-
tion after receiving ICM and should be treated as needed.
Patients who develop contrast-induced hypothyroidism
should be monitored for symptoms of hypothyroidism,
even after initial resolution, because they remain at risk for
developing permanent hypothyroidism.
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