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ABSTRACT

Background/Objective: lodine deficiency hypothyroidism is an important cause of neurocognitive and
motor impairment in children globally. In the United States, universal salt iodization, which began in
the 1920s, led to a dramatic decline in iodine deficiency hypothyroidism. However, iodine deficiency
may be reemerging due to increased consumption of noniodized salts, decreased dairy iodine con-
centrations, and decreased intake of iodine containing foods due to food allergies, dietary prefer-
ences such as vegan diets, or restrictive food intake disorders.
Case Report: We present a case series that challenges the existing clinical paradigm for hypothy-
roidism and describe 3 patients without underlying thyroid dysfunction who were diagnosed with
iodine deficiency hypothyroidism over an 18-month period beginning in February 2021 in North-
eastern United States. Prior studies reported 2 additional cases diagnosed in that same time frame at
our clinical center.
Discussion: We report significant heterogeneity in clinical presentation: 3 patients had large goiters,
1 had a mild goiter, and 1 patient had no goiter. Biochemical tests were also variable and included a
wide range of thyroid stimulating hormone elevations.
Conclusion: We suggest that a spot urine iodine concentration, combined with an elevated serum
thyroglobulin level, can be an alternative to a 24-hour urinary iodine excretion for the diagnosis of
iodine deficiency hypothyroidism given the clinical challenges of obtaining the latter. Thyroid
function normalized in all patients with iodine supplementation.

© 2024 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Iodine is a trace element that is essential for synthesis of the
thyroid hormones triiodothyronine (T3) and thyroxine (Ts).!

Thyroid hormone is critical for normal brain development in utero
and during the first years of life.? lodine deficiency hypothyroidism
is estimated to affect 2.2 billion people worldwide and is an
important cause of neurocognitive and motor impairment in chil-
dren globally.® Universal salt iodization was implemented in the
United States beginning in the 1920s leading to a dramatic decline
in iodine deficiency hypothyroidism.* Despite these continued ef-

Abbreviations: 24-hour UIE, 24-hour urine iodine excretion; Free T4, free
thyroxine; spot UIC, spot urine iodine concentration; T3, triiodothyronine; T4,
thyroxine; TRH, thyrotropin releasing hormone; TSH, thyroid stimulating hormone;
WHO, World Health Organization.

Informed consent: Parental/patient consent was obtained.
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forts, iodine deficiency has been recently re-recognized as a cause
of primary hypothyroidism in youth.>” Potential causes include
increased consumption of noniodized salts, decreased dairy iodine
concentrations, especially in organic dairy products, decreased
intake of iodine containing foods due to food allergies, dietary
preferences such as vegan diets, or restrictive food intake
disorders.”

2376-0605/© 2024 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Case Report

We present 3 patients between 2 and 10 years of age who were
diagnosed with iodine deficiency at a single institution in the
Northeastern United States between February 2021 and August
2022. Prior studies reported 2 additional cases of iodine deficiency
hypothyroidism diagnosed in that same time frame by the same
group (Table).® All patients had a normal newborn screen for pri-
mary hypothyroidism, were negative for thyroid autoantibodies
and had no family history of autoimmune thyroid disease.

Case 1

A 2-year-old ex-32-week female with severely restricted eating
was admitted for growth failure [weight <first percentile (z-
score —3.11), height < first percentile (z-score —2.51)]. Labs showed
thyroid stimulating hormone (TSH) of 470 ulU/mL (0.3-5.5), free T4
(FT4) of 0.34 ng/dL (0.8-1.8), a thyroglobulin of 1766 ng/L (1.0-35.0)
and a urine iodine concentration (UIC) of 10.5 pg/L (>100). She had
no goiter. A pediatric nutritional supplement was initiated via
nasogastric tube providing about 90 pg of iodine daily and her
thyroid function normalized within a week. She was treated with
levothyroxine, which was discontinued 7 weeks later, as her thy-
roid function remained normal. Continuing the nutritional sup-
plement, her 3 years 4 month visit showed height at the 9.seventh
percentile, weight at the 29th percentile and body mass index at
the 74th percentile.

Case 2

A 10-year-old male with history of pachygyria (congenital
malformation of the cerebral cortex characterized by a thickened
cortex, large gyri), seizures and developmental delay was referred
for weight gain, constipation, cold intolerance, height deceleration
and goiter (each lobe 5 cm). He had a restricted diet and avoided
dairy, fruits, vegetables, and meat. Initial laboratory evaluation
showed FT4 of 0.31 ng/dL (0.8-1.8) and a TSH of 239 ulU/mL (0.66-
4.14). He was treated with levothyroxine and 6 weeks later, he had a
thyroglobulin level of 1746 ng/L (1.0-35.0), TSH 5.48 plU/mL (0.35-
5.5) and FT4 of 1.01 ng/dL (0.8-1.8 ng/L). Due to the high thyro-
globulin level, a spot UIC was ordered but not completed by family
until 7 months later when he was admitted for severe iron defi-
ciency anemia (hemoglobin 5.2 g/dL) during which time his UIC
was 18 pg/L (>100). He was initiated on an iodine tablet, 150 pg
daily. At a follow-up visit 1.5 years later, his goiter size remained
unchanged, but his repeat UIC improved to 464.7 ug/L (>100)
allowing discontinuation of levothyroxine. Thyroid tests remained
in target range, 2 and 4 months later.

Case 3

A 3.5-year-old male with multiple food allergies (dairy, tree
nuts, and peanuts) was referred for goiter of 5 months duration. His
diet was limited to fig bars, potato chips, graham crackers, a specific
brand of vegetable chips and he used only a small amount of table
salt. Initial labs showed a total T3 of 2.3 ng/mL (0.4-1.9), free T3 of
4.2 pg/mL (1.6-3.9) and a UIC of 11 pg/dL (>100) but family did not
follow-up. Two months later, at an outside institution, he was
started on levothyroxine for a FT4 was 0.49 ng/dL, TSH of 6.37 plU/
mL, and total T3 of 240 mg/dL (94-241). Thyroid ultrasound showed
an enlarged, hyperemic gland suggestive of thyroiditis. One-month
post-levothyroxine, thyroid labs normalized (TSH of 2.03 plU/mL
and FT4 of 1.57 ng/dL). Four months later, the goiter resolved, and
thyroid function remained normal, and the family returned to our
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Highlights

e lodine deficiency hypothyroidism can occur in children with
food restrictions.

e lodine deficiency hypothyroidism displays clinical
biochemical heterogeneity.

e Spot urine iodine and serum thyroglobulin levels can facilitate
the diagnosis.

and

Clinical Relevance

It’s important for providers to consider iodine deficiency when
children and adolescents present with antibody negative hy-
pothyroidism, with or without a goiter.

clinic for follow-up. A 24-hour urine iodine excretion (UIE) was
9.9 ng/d (26-705). Potassium iodide drops (125 pg daily) were
started, and 2 months later, UIC improved to 293.2 ug/L (>100).
Levothyroxine was discontinued after 6 weeks. He continues iodine
supplementation, and his thyroid function remains normal.

Discussion

This case series, with individual characteristics summarized in
Table, including Cases 1-3 described above and our previously re-
ported Cases 4° and 5°, contributes to the literature regarding re-
emergence of iodine deficiency hypothyroidism in the United
States.””'? It highlights significant heterogeneity in pediatric pre-
sentations, such as severe, mild or absent goiters (Case 1), varied
TSH levels, and thyroid function tests mimicking thyroid hormone
resistance alpha (Cases 3, 4).° These diverse clinical presentations
may result from the thyroid gland’s varying adaptation and/or
maladaptation to iodine deficient states.

A stable TSH in the circulation is maintained primarily due to the
dynamic interplay of thyrotropin-releasing hormone from the hy-
pothalamus and the feedback effects of T3 and T4 on the hypothal-
amus and pituitary gland.”® lodine constitutes 65% of the weight of
T4, and 58% of the weight of T3,'* playing a key role in the negative
feedback loop of thyroid hormone on TSH release. lodine is absorbed
from the stomach and the duodenum, then actively transported into
the thyrocytes via the sodium-iodide symporter in a TSH dependent
manner." Inside the thyrocyte, iodine undergoes oxidation followed
by organification before being incorporated into thyroglobulin.
Iodinated thyroglobulin is coupled to produce T4 and T3 which are
released into the circulation and carried target tissues via binding
proteins.'# Degradation of T4 and T3 in the periphery by deiodinases
releases iodine back in to the plasma iodine pool.'*

More than 90% of ingested iodine is excreted in the urine within
24 to 48 h of ingestion.”> Hence, median UIC measured from spot
urine samples can be utilized for diagnosis of iodine deficiency.”>
According to the World Health Organization median UIC of 50-
99 ug/Lindicates mild, 20-49 pg/L indicates moderate, and <20 ug/L
indicates severe iodine deficiency in children > 6 years.?> National
Health and Nutrition Examination Survey results showed a signif-
icant decrease in UIC from 243 ug/L in 2001-2004 to 166 ug/L in
2017-2020 among U. S. school age children.”” Inadequate iodine
intake was more likely in children who never or rarely consumed
dairy products.'" However, repeated UIC measurements might be
required to accurately assessing iodine deficiency'® as UIC is
indicative of an individual's more recent diet than long term diet.®
A 24-hour UIE may reflect iodine status more accurately both at the
individual and at the population level."” In individuals in whom
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Table
Initial and Follow-up Clinical and Lab Characteristics of Patients With lodine Deficiency Hypothyroidism
Case number Case 1 Case 2 Case 3 Case 4° Case 5°
Initial clinical presentation
Age at presentation (yrs) 2 10 3.5 6 13
Sex Female Male Male Female Male
Clinical features Ex-32-wk premature infant Seizure disorder Multiple food allergies (diary,  Vegan diet Autism
Speech delay Developmental delay peanuts, tree nuts) Non-iodized salt only Restricted diet

Symptoms

Goiter

Thyroid ultrasound

Initial thyroid function tests®

TSH (uIU/mL)

Free T4 (ng/dL)

Total T3 (ng/dL)

Anti-thyroid antibodies

Thyroglobulin (ng/L)

Spot urine iodine concentration (pg/L)

24-h urine iodine excretion (ug/L)
Treatment

Levothyroxine (pg/kg/d) (Duration,

wKks)

lodine supplement (ng/d)
Follow-up Labs

Follow-up interval

TSH (uIU/mL)

Free T4 (ng/dL)

Total T3 (ng/dL)

Restricted eating
Growth delay

None

Normal thyroid gland

470 (0.30-5.50)
0.34 (0.80-1.80)
Not done
Negative

1766 (1.0-35)
10.5 (>100)

Not done

50 pg/d (5.4 pg/kg/d) x1 wk and

then 25 pg/d (2.7 pg/kg/d) x 7 wk

~90

0.5 mo

3.29 (0.30-5.50)
1.23 (0.80-1.80)
182 (105-269)

Weight gain, constipation, cold
intolerance, neck swelling,
growth delay

Firm, each lobe 5 cm

Not done

239 (0.66-4.14)
0.31 (0.80-1.80)
125 (82-213)
Negative

1746 (1.0-35)
18 (>100)

Not done

50 pg/d (1.5 pg/kg/d) x 78 wk
150

0.5 mo

1.7 (0.30-5.5)

0.98 (0.80-1.80)
Not done

None

Goiter noted by PCP, details
not available

Enlarged, hyperemic thyroid

6.37 (0.34-5.5)
0.49 (0.70-1.50)
240 (40-190)
Negative

Not done

11 (>100)

9.9 (26-705)

50 pg/d (2.6 pg/kg/d) x 24 wk
~125

1.5 mo

0.82(0.30-5.5)

1.2 (0.80-1.80)
Not done

None

Non-tender, smooth, each

lobe 6-7 cm

Enlarged thyroid, heterogenous
echotexture, microcystic changes
and fibrous septations

5.03 (0.34-5.50)
0.30 (0.58-1.20)
258 (94-241)
Negative

1098 (<13)
15.8 (>100)
Not done

None
150

3 mo

2.72 (0.34-5.50)
Not done

182 (94-241)

Neck swelling, fatigue

Firm, symmetric, each

lobe 8-8.5 cm

Enlarged thyroid, heterogenous
echotexture, diffuse hyperemia

416 (0.35-5.50)

< 0.10 (0.80-1.80)
41 (82-213)
Negative

Not done

Not done

<5 (26 - 705)

25 pg/d (0.5 pg kg/d) x 6 wk
150

1 mo

0.71 (0.35-5.5)

1.45 (0.80-1.80)
Not done

Abbreviation: TSH = thyroid stimulating hormone.

2 Reference ranges in parentheses.
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collection of a 24-hour UIE is challenging, an elevated thyroglobulin
along with a spot UIC can be helpful in assessing iodine status.>%%!!

With mild iodine deficiency, there is increased vascularity and
increased iodine uptake in the thyroid gland, preferential synthesis
of T3 over T4, and an increase in thyroglobulin levels.'® T3 has
approximately 4 times the potency of T4 but requires 25% less
iodine and this may explain why patients with iodine deficiency
may have an elevated T3 and biochemically may resemble thyroid
hormone resistance alpha (Cases 3 and 4).'® Because these initial
autoregulatory responses are independent of TSH, patients may be
clinically and biochemically euthyroid in early stages.'® With
persistent iodine deficiency these intra-and extra-thyroidal autor-
egulatory mechanisms become insufficient and clinically signifi-
cant hypothyroidism can result.'

Insevere iodine deficiency, there may be a diffuse goiter (Cases 2, 3,
4,and 5)>%>!2 or no goiter at all (Case 1).>®'®0One possible explanation
for the lack of goiter is that the thyroid gland maintains its size by
increasing its efficiency of iodide trapping.>'® In severe iodine defi-
ciency, a large colloid goiter may occur due to secretion of large
amounts of poorly iodinated thyroglobulin into the circulation. This
process can result in an iodine leak, causing renal iodide loss and
ensuing avicious cycle.'® Chronic TSH stimulation of the thyroid gland
in iodine deficiency has been shown to be a risk factor for thyroid
cancer, particularly follicular thyroid cancer.'®

The patients presented here received iodine supplementation
based upon the recommended daily intake of iodine per the WHO:
90 -120 pg daily for children aged 1-13 years, and 150 pg daily for
adolescents >13 years age.> Management of the patients included
reintroduction of iodine by encouraging utilization of iodized table
salt and targeted recommendations by registered dietitians. Fam-
ilies were counseled on symptoms of hyperthyroidism that can
develop with iodine supplementation.’

This case series encourages providers to expand the differential
diagnosis for antibody negative hypothyroidism in children.
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