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ABSTRACT

Context: Calorie restriction reduces circulating triiodothyronine (T3) — the most
active thyroid hormone — inducing hypothyroidism, constipation, and reduced appe-
tite that inhibit eating, acting to sustain and sometimes precipitate eating disorders.
Thyroid-hormone treatment can be effective but is rarely employed.

Case description: A 12-year-old girl experienced chronic nausea and constipation
after antibiotics for strep throat, resulting in restricted eating. Energy decreased for

2 months as anxiety and depression increased, culminating in withdrawal and school
refusal. Blood tests were normal except for below-range free T3. She began a trial of
incremental, 1-pg dose increases of T3 every 3 days using sustained-release capsules
added to her established triiodothyronine—levothyroxine (T3-T4) protocol for hypothy-
roidism. Her energy and mood began improving after 10 days and depression resolved
after 7 weeks. An 18-day stay in a hospital eating-disorders unit helped her regain
some weight and strength. To address nausea and anxiety, the extended medical team
then tried two antidepressants and cyproheptadine — each caused increased nausea

and reduced eating — and a 5-day prednisone burst for possible neuroinflammation; all
were ineffective and discontinued. After 14 weeks without improvement, we resumed
adjusting thyroid-hormone dose. Anxiety, energy, food intake, and weight improved for
5 months. She began attending a new school, developed new friendships, and started
menses. The major illness lasted 21 months. T3 intake increased from 5 to 27 ug, T4
from 50 to 110 pg, weight from 36.4 to 52.7 kg, and height from 1.63 to 1.71 m.

Conclusions: Thyroid hormones should be studied further as fundamentally effec-
tive treatment for eating disorders.
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Thyroid Hormones & Eating Disorders

INTRODUCTION

Thyroid hormones are essential for normal
metabolism, growth and maturation, brain devel-
opment and maintenance, immune function, and
various signal transduction pathways.'™* The
healthy thyroid gland produces small amounts of
active triiodothyronine (T3) and larger amounts of
levothyroxine (T4), its biologically inactive pro-
hormone. Hypothyroidism results from insufficient
T3 reaching and stimulating nuclear receptors
within cells, causing low metabolism, fatigue,

and body-wide dysfunction. Mental, psychologi-
cal, and neurological disturbance may include
impaired concentration, memory and executive
functioning, insomnia, anxiety, depression, social
awkwardness, withdrawal, perseveration, para-
noia, agitated delirium, full psychosis, and altered
perceptions (taste, hearing, vision).>” Other com-
mon signs and symptoms include dry skin, weak
fingernails, joint and muscle pain, muscle cramps,
hair loss, cold intolerance, menstrual irregularities,
arrhythmias, and elevated cholesterol and blood

pressure.5 !4

Circulating T3 levels decrease in eating disorders
(EDs) and in most severe and chronic illnesses in
the eponymous medical condition low-T3 syn-
drome (LT3S), also known as non-thyroidal illness
syndrome (NTIS).!>!¢ Thyroid-hormone signaling
changes differentially among tissues with an overall
reduction of metabolic rate, indicating hypothyroid-
ism.'>!"7 LT3S occurs broadly in severe and chronic
illnesses including trauma, sepsis, heart failure,
COVID-19, and during calorie restriction aside
from EDs.'*'®2! Lower serum T3 level is prognostic
of increased disease severity and poor outcomes,
including death.!>20-28

LT3S has major roles in sustaining eating dis-
orders by causing chronic constipation that
inhibits eating and weight gain.?*° T3 also acts
directly on the hypothalamus to stimulate feeding
(independent of energy expenditure). Reduced
circulating T3 in LT3S is likely a factor in
appetite suppression.’'** LT3S may also cause or
exacerbate any of the mental and physical distur-
bances of hypothyroidism described above, and it
contributes to the long-term health consequences
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of EDs such as delayed puberty and growth, and
osteoporosis.>>*°

Though thyroid-hormone dysfunction is central to
EDs, thyroid-hormone treatment is rarely con-
sidered by doctors or presented as an option to
patients. However, ED patients urgently need new,
effective therapies: only about 50% respond to
first-line treatments, and mortality is high.*! This
case study demonstrates the ability of thyroid-
hormone therapy to help resolve eating disorders by
fundamentally addressing motility, hunger, eating
patterns, and hormone-associated psychological
disturbance.

REASONS TO FOCUS ON LOW T3
SYNDROME (LT3S)

In contrast to primary hypothyroidism, where hor-
mone production by the thyroid gland is reduced,
LT3S begins with enhanced peripheral inactivation
of T4 and T3.*? The balance between activation and
deactivation is coordinated by a set of deiodinase
enzymes within cells: T4 is activated by conver-
sion to T3 or inactivated by conversion to reverse
T3 (rT3), which is often elevated in LT3S. T3 is
inactivated by conversion to 3,3’-T2 (3,3’-diiodo-
thyronine).'>!74*+7 T3S also involves changes in
thyroid hormone transporters, membrane transport,
and receptors.**® In severe or prolonged LT3S,
thyroid stimulating hormone (TSH) and T4 can also
decrease, reducing T3 further.'64474

By the 1970s, low serum T3 was recognized as a
factor in eating disorders, and oral T3 had shown
potential for treatment.* However, follow up stud-
ies have been lacking, in the ED field as well as in
other low-T3 health conditions. As described by
prominent endocrinologists, progress in thyroid
treatment has been hampered by the following seis-
mic changes in the field that began in the 1970

* Treatment with T3 and T3/T4 fell out of favor
while T4 monotherapy become dominant:

For 50 years now, providers have been steered
away from using anything other than LT4 in the
treatment of hypothyroidism. This has resulted



in two generations of physicians with limited
clinical experience prescribing LT3 or DTE,!
and with the taught perception that these drugs
were unsafe. This constitutes a major challenge
for those willing to follow the guidelines and try
combination therapy for specific situations.*

* Diagnosis and monitoring of thyroid dysfunction
shifted to rely heavily on biochemical testing —
mainly of TSH — rather that resolving the signs
and symptoms of individual patients to restore
their health and quality of life:

Over-reliance on TSH as a gold standard has
long impeded the advancement of the field,
since the first doubts were raised, and disagree-
ments emerged on the setting of the reference
intervals. While sole reliance on TSH must
therefore be scaled back, good clinical prac-
tice taking into account the full history and
symptoms displayed by a patient has to be re-
instituted as a primary tool.*

It appears that we are witnessing a consequen-
tial historic shift in the treatment of thyroid
disease, driven by over-reliance on a single
laboratory parameter, TSH. The focus on
biochemistry rather than patient symptom relief
should be re-assessed. A joint consideration
together with a more personalized approach
may be required to address the recent surge in
patient complaint rates.>

These issues have been noticed broadly and
prompted institutional change. In 2021, the
American, British, and European Thyroid
Associations published a consensus document that
called for “better designed trials” of T3/T4 com-
bination therapy “focusing on clinically relevant
outcomes, including patient-centered outcomes,”
where T3 will be multi-dosed or given in sustained-
release (SR) form if available.* They noted how
progress in T3/T4 therapy has been impeded by
many poorly designed, cookie-cutter T3/T4 stud-
ies that failed to show consistent patient benefit.
Low T3 is also increasingly recognized as a central
factor in the progression and severity of acute and

1 DTE is desiccated thyroid extract or Thyroid USP, which
contains T4 and T3 in a nominal ratio of 4:1. DTE was the only
form of thyroid hormones available for treatment from the late
1800s to the 1950s and is still popular among many patients and
doctors.
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chronic illnesses,?*¢47:355¢ and new clinical trials
are investigating T3 treatment in conditions such as
heart failure’*>® and COVID-19." (Notably, early
results from the T3 COVID-19 trial show reduction
of sedimentation rate, a marker of inflammation.>®)

T4 AND T3 THERAPY FOR PRE-EXISTING
HYPOTHYROIDISM

Individuals diagnosed with hypothyroidism are
nearly always treated with T4 monotherapy;
however, a significant fraction — usually stated as
10—15% in the literature — respond poorly and are
left with fatigue and other residual symptoms. The
causes of poor response are under study and include
the T4 hormone-replacement approach itself, which
is unphysiological, as well as genetic factors,
endocrine disrupting compounds, and hormone
resistance acquired from stress or illness.64731.60-62

Oral T4 monotherapy differs from endogenous
production in chemical composition, rate and route
of absorption, and resulting serum levels of T4 and
T3. The healthy thyroid gland meters T4 and T3
directly and steadily into the blood stream with a
circadian rise of T3 in the early morning® and with
T3 production ranging from around 6% to 42 %
that of T4 among patients, according to an analysis
of a 1990 study by Pilo et al.5*% Healthy individu-
als maintain remarkably steady circulating T3 level
as a biological priority via an intricate balancing
act that involves central and local control, and
feedback and feedforward mechanisms.*#451.6667
TSH varies with time and circumstance to support
this steady T3 level, through negative feedback

in the hypothalamic-pituitary-thyroid (HPT) axis
and de novo synthesis in the thyroid gland, and
through feedforward, whereby bloodborne T4 is
converted more efficiently to T3 as it circulates
through the thyroid gland. T4-to-T3 conversion is
catalyzed by D1 and D2, two of the three deiodin-
ase enzymes that control the metabolism of thyroid
hormones within cells. D1 is expressed primarily
in the liver and kidneys, while D2 is expressed in
the thyroid gland, skeletal muscle, brain, and other
tissues.®®% TSH increases D2 activity, especially in
the thyroid gland, causing it to produce more T3,
which positively regulates D1 to further increase T3
production.*#431:6667 Evidence suggests that TSH
may act directly on thyroidal D2 and D1 to produce
the bulk of this feedforward enhancement of T3
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production.”’! The third deiodinase enzyme, D3,
deactivates excess T3 and T4 to maintain steady T3
in coordination with D1 and D2.4+68

By contrast, T4 monotherapy involves once-daily,
oral dosing with a bolus of rapid-release T4 and,

of course, no T3. The T4 absorbs rapidly in the
intestines and through the portal vein and liver —

like most drugs and foods — in so-called first-pass
metabolism, before reaching the systemic circulation.
T4 monotherapy disrupts endogenous control and set
points, resulting in lower T3 levels and T3/T4 ratios
compared to untreated euthyroid controls,*>47>-74

in effect tipping the patient towards a low-T3 state.
Many downstream markers of hypothyroidism are
not normalized by T4 monotherapy, including abnor-
mal cholesterol and lipid levels, and liver and kidney
function.>*”7¢ Hypothyroid patients are disposed to
impaired gastrointestinal (GI) motility and constipa-
tion that underly eating disorders,** And T4 therapy
is a strong predictor of developing small-intestinal
bacterial overgrowth (SIBO) — stronger than hypo-
thyroidism or impaired intestinal clearance alone

— which occurs frequently in eating disorders.”

Rapid absorption of oral T4 into the liver and other
tissues may have substantial negative health conse-
quences that have been largely overlooked. Plasma
T4 rises and peaks a few hours after ingestion of an
oral dose.” Liver T4 concentration can be expected
to rise more quickly and to a higher level than in
the systemic circulation by simple compartmental
analysis: the full T4 dose enters through the portal
vein and liver, which together have much smaller
volume than the systemic circulation (approxi-
mately 10 times lower). The liver must necessarily
have a higher peak concentration that is then diluted
into the much larger systemic volume as the two
compartments equilibrate.

The liver and other tissues can express deiodinase
type 3 (D3) to deactivate excess T3 and T4 and
prevent hypermetabolism.**% D3 is positively
regulated by T3 and T4,#3:43496869.7980 therefore an
oral T4 dose entering the liver at high concentration
should increase liver D3 activity and, with it, the
inactivation of local T4 and T3.?> Lower T3 will in
turn reduce D1 activity, causing a further decrease

2 Hypothyroidism from excessive D3 inactivation of T3 and
T4 has been observed clinically with rare, D3-expressing tumors

and termed “consumptive hypothyroidism.”*#!
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in T3 and disposing the patient to hypothyroid-

ism. This self-reinforcing, T3-suppressive cycle
may help explain the low T3 levels observed in

T4 monotherapy and patient complaints of residual
symptoms. These effects may be enhanced in ill-
ness and calorie restriction, where liver expression
of D1 decreases while that of D3 increases.®” (There
are also case reports of outright liver injury due to
T4 therapy.33-)

These mechanisms should also be involved in the
body’s response to rapid-release T3/T4 and T3 ther-
apy and may explain related clinical observations.
First, many patients feel best at a high circulating
T3 level, sometimes above the reference range.
They may need sufficient T3 to counter liver deacti-
vation and raise metabolism. Second, some patients
on a T4-only protocol feel tremendous benefit from
adding small, microgram doses of T3. The minus-
cule T3 dose may increase liver D1 activity and
T4-to-T3 conversion without appreciably increasing
D3 activity and inactivation of T3 and T4.

First-pass liver metabolism of rapid-release T4 or
T3 may also dispose patients to hypocortisolism,
which can be debilitating and dangerous. Thyroid-
hormone products carry a contraindication warning
in uncorrected adrenal insufficiency because they
increase metabolic clearance of glucocorticoids.®
However, hypocortisolism is also experienced by

a substantial number of hypothyroid patients on
thyroid-hormone therapy who had no prior his-
tory or indication of adrenal dysfunction. Thyroid
hormones, especially T3, have a dual effect of
increasing the release of cortisol by the adrenal
glands and its clearance by liver, and both hypo-
thyroidism and hyperthyroidism cause abnormal
cortisol levels.!-%? Sufficient cortisol is also needed
for T3 to bind and activate nuclear receptors,* but
excess cortisol reduces T3 levels (which is respon-
sible in part for decreased immune function due to
stress).7** Dysregulation of cortisol is a factor in
eating disorders (as is dysregulation of steroids and
other endogenous hormones more broadly).>>’

Thyroid-hormone therapy must support balance
between cortisol production and clearance to opti-
mize health and wellbeing. For many patients, this

3 This peripheral mechanism also explains why low metabolism
is seen in Addison’s disease (insufficient cortisol production)
even when thyroid-hormone production is normal.*®



balance is difficult to attain with rapid-release T4
and T3, likely due to or exacerbated by first-pass
liver metabolism. Multi-dosing and sustained-
release formulations help, as we will discuss.

A prescription of hydrocortisone (cortisol) or
synthetic corticosteroid may be warranted.®93-1%
Pregnenolone is an over-the-counter precursor of
cortisol that can sometimes be used effectively in
place of hydrocortisone. Patients have also found
that taking T3 in the morning around 4-5 am can
increase cortisol release to normal levels, allowing
them to discontinue prescriptions for cortico-
steroids.!®! The early-morning circadian rise of
endogenous T3 appears to drive early-morning
cortisol release that is critical to health.!*-1%2

Note that there is substantial knowledge on the
benefits of treating hypothyroidism and low metab-
olism due to isolated low T3 levels. As discussed
above, T4-treated hypothyroid patients often have
low T3 levels, and they benefit remarkably from
combination T3/T4 that is adapted individually to
resolve their symptoms.'*!% Some patients even
experience periods of debilitating exhaustion where
they are “stuck” in a state of low metabolism.
Plasma T3 is often reduced and rT3 is elevated
—indicating LT3S — and T3 therapy is required to
recover. Patients report that they increase T3 intake
for several weeks, often while simultaneously
reducing or stopping T4 intake.!%!% Plasma T3
increases to high-normal or even supraphysiologic
levels, but the patient’s metabolism remains low or
low-normal. After a typical period of 8—12 weeks,
metabolism rises rapidly to normal (within hours
or days). The patient then returns to their normal
T3 and T4 intake, repeating the same procedure if
LT3S occurs again. The treatment efficacy likely
stems from the ability of the added T3 to raise intra-
cellular T3 levels, increasing cellular metabolism
and transport (which is active, requiring ATP) and
tipping T4 conversion toward T3 and away from
rT3.447 Some patients cannot tolerate any T4 and
require lifelong T3 monotherapy. Unfortunately,
T4-induced LT3S is an unstable and dangerous
aspect of T4 therapy that is not widely recognized
or treated.

Unusually low metabolism without diagnosed

low T3 or hypothyroidism has been observed and
treated successfully with T3 for decades. For exam-
ple, in 1957, Dr Joseph Morton reported a state of
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low metabolism that responded to T3 treatment but
not to natural-desiccated thyroid hormone, which
contains T4 and T3 in a ratio of 4:1 nominally.'"’
More recently, Dr Dennis Wilson pioneered the use
of sustained-release T3 for normalizing depressed
metabolism and basal temperature in symptomatic
but chemically “euthyroid” subjects.'”® His method
has been successful more broadly.'"”

These observations all point to low intracellular T3
as the underlying issue causing low metabolism,
regardless of whether it is reflected in low plasma
T3 levels as in classic LT3S.4647

Further studies are needed on thyroid-hormone
treatment of LT3S to demonstrate efficacy and raise
awareness within the broad medical community.
Thyroid patients are seldom included in studies

of LT3S."1° The few LT3S trials to date have had
mixed results, leading to lack of consensus on treat-
ment and leaving doctors and patients to use their
clinical judgement. (Mechanistically, T4 is expected
to be counterproductive while direct T3 is expected
to be beneficial,""! and one group recommends T3
over T4 treatment.''?) Some doctors think LT3S is

a protective adaptation that, for example, increases
animal survival in the wild by reducing metabo-
lism and caloric requirements in times of scarcity.
However, this theory is undermined by the absence
of evidence supporting a beneficial role of LT3S

in survival and by substantial evidence showing
that LT3S patients can only survive and recover

in modern hospitals.'® Oxidative stress (OS) and
inflammation are also under control of thyroid hor-
mones, and increased oxidative stress is observed
in hypothyroidism!"® and LT3S.""*!15 According

to Mancini ef al., “The presence of OS indexes in
NTIS supports the hypothesis that it represents a
condition of hypothyroidism at the tissue level and
not only an adaptive mechanism to diseases.”!*
Most likely, LT3S is an “imperfect” adaptation that
becomes pathological when severe or in certain
genotypes.

LOW T3 IN EATING DISORDERS

Calorie reduction from any cause generally results
in decreased circulating T3. In eating disorders, T3
reduction depends on the disorder subtype, where it
appears that more severe calorie restriction causes
the greatest decrease in T3."'6!"7
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As reviewed by Troisi ef al. in a study of

50 women:'"” anorexia nervosa (AN) involves
restricted eating (and sometimes purging) due to
fear of weight gain and usually results in weight
loss. Bulimia nervosa (BN) typically involves
periods of uncontrollable eating followed by self-
induced vomiting, dieting or intense exercise to
prevent weight gain; BN patients usually remain at
normal body weight. Binge-eating disorder (BED)
also involves compulsive eating, but without com-
pensatory behavior of BN; therefore, BED patients
are usually overweight or obese. In the study, free
T3 and BMI were lowest in the AN group. The BN
and BED groups also had lower free T3 than con-
trols, but BMI was higher than controls.

The patient in the case study presented in this paper
had a pattern of restricted eating, weight loss, and
change of circulating T3 similar to the AN subtype
but with a different etiology as it was precipitated
by GI distress and nausea.

GUT MICROBIOTA, MICRONUTRIENTS,
AND AUTOIMMUNITY

Gut dysbiosis and thyroid disorders are intertwined
through complex interactions among the gut
microbiota, micronutrient levels and uptake, thyroid
hormone formation and function, absorption of oral
thyroid hormones, and autoimmunity.!''8-120

Gut microbiota influence the uptake of miner-

als that support thyroid function, some of which
modulate the microbiota composition. Gut dysbio-
sis can upset the balance of key minerals — notably
iodine, selenium, iron and zinc — locally and in the

circulation:''8-120

* Jodine is an essential constituent of thyroid hor-
mones, and it also has extrathyroidal actions as
an antioxidant, differentiator, apoptotic, immuno-
modulator, and in supporting cellular processing
of thyroid hormones.'?'-1>* Jodine uptake, degra-
dation, and enterohepatic cycling are regulated
by gut microbiota and influence thyroid hormone
levels.

* Selenium is integral to several proteins involved
in thyroid metabolism, including the deiodin-
ase (selenodeiodinase) enzymes D1, D2 and
D3 that activate and deactivate thyroid hor-
mones, and the glutathione peroxidase family
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of antioxidants.!?"1?” Glutathione peroxidase
reduces and neutralizes hydrogen peroxide —
which is formed by thyroperoxidase (TPO)
during thyroid-hormone synthesis — protecting
the thyroid gland from oxidative damage that
can trigger and promote Hashimoto’s thyroid-
itis, an autoimmune attack on TPO itself.'>-*7
Selenium increases microbial diversity, favoring
in particular the growth of probiotic (beneficial)
Bifidobacterium adolescentis. Microbes in the
colon help metabolize selenium for absorption by
the host.

* Iron is needed for thyroid-hormone biosynthesis
as a key constituent of the active center of TPO.
Iron balance is important in the gut, where it
can change the levels of healthy and detrimental
microbes and even promote bacterial overgrowth.
Microbiota in the colon can increase iron avail-
ability and absorption by producing short-chain
fatty acids (SCFAs) that reduce pH.

* Zinc increases the conversion of T4 to T3 by
enhancing the activity of D2. Zinc deficiency
has been shown to reduce circulating T4 and T3
levels. There is evidence that zinc modulates the
microbiota composition, and in humans, zinc
supplementation can help prevent diarrhea by
“inhibiting the growth of pathogenic Escherichia
coli, and promoting the growth of probiotic
strains such as Lactobacillus spp.”'8

These minerals are often deficient in hypothy-
roidism, and deficiency of these minerals renders
patients hypothyroid, independent of circulating
thyroid-hormone levels; supplementation is effec-
tive and necessary for recovery,!18-120:123.124.128.129
Todine should be taken with selenium, with dose
adapted individually to the patient to maxi-

mize benefits while minimizing oxidative stress
and the potential for triggering or exacerbat-

ing Hashimoto’s autoimmunity.'>-'?7 Lugol’s
iodine* is the most popular form, and doctors and
patients have reported highest success using it
with companion nutrients that include selenium
and magnesium.!%12630.131 Vitamin D is also often
low in hypothyroid patients and may be a factor
in autoimmune disease, particularly Hashimoto’s
thyroiditis. %132

4 Lugol’s iodine contains potassium iodide (KI) and elemental
iodine (I,) in mass ratio of 1.5:1 and is available in tablet or
liquid form.



Intestinal bacteria also play a role in the synthesis
of many vitamins, including vitamin K, folate,
vitamins B,, B, B, B, B_, and B,. Gut microbes
also have deiodinase activity, helping to convert T4
to T3, and they can also help store T3 and reduce
fluctuations in circulating thyroid hormone lev-

els. Synbiotic supplementation (a combination of
pro- and pre-biotics) was recently shown to benefit
hypothyroid patients by significantly increasing free
T3 and reducing fatigue, T4 dose, and TSH.'#!11°

The gut microbiota have significant roles in
immune function and autoimmunity. SCFAs pro-
duced by gut microbes can be used by enterocytes
for energy and work together with T3 to maintain
the epithelium and integrity of intercellular tight
junctions (TJs).!"8133 Altered microbiota can pro-
mote autoimmunity by compromising TJs, leading
to leaky gut, and by several other proposed mecha-
nisms.!"* Microbial antigens can translocate across
the intestinal wall and generate autoantibodies that
cross-react with appetite-regulating hormones and
neurotransmitters.'** SCFAs and many other micro-
bial metabolites also have important metabolic

and signaling functions, modulating the integrity
of the blood-brain barrier (BBB), brain function,
and other aspects of host homeostasis.'** Starvation
and weight loss in AN may compromise the BBB
and promote the production of pro-inflammatory
cytokines. It is also thought that AN and BN can be
triggered by a weakened BBB allowing access of
cross-reactive autoantibodies to brain centers.!*13

Bacterial overgrowth can also be an issue in hypo-
thyroidism. Normal levels of gastric acid are an
effective barrier to overgrowth of the microbiota,”
but in hypothyroidism, weak stomach acid may lead
to bacterial overgrowth and malabsorption of oral
T4, as explained by Frohlich er al''®:

The efficacy of oral L-thyroxine supplementa-
tion via its absorption in stomach, duodenum,
and jejunum by different transporters may
depend on the extent to which the microbiota
degrades thyroid hormones by oxidation.
Higher microbiota numbers in cases of bacte-
rial overgrowth might require higher doses of
L-thyroxine. SIBO is defined as the presence
of microorganisms exceeding 10° colony-
forming units/mL in intestinal aspirates. In
hypothyroidism, where the pH of the stomach
often increases and gastric motility decreases,
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reduced protein cleavage in the stomach and
bacterial overgrowth may take place.

Hypothyroid patients, particularly those with
Hashimoto’s thyroiditis, sometimes struggle with
dyspepsia, acid reflux, bloating, incomplete diges-
tion, SIBO, poor absorption of iron and vitamin B,
and other consequences of weak stomach

acid or elevated pH (which is likely due to sub-
normal gastrin'*). Doctors and patients have many
approaches to improving digestion, including bitter
herbs, digestive enzymes, and dilute vinegar (for the
acidity). Betaine HCl is a very popular and effective
oral supplement that can quickly lower pH.!3"138

APPETITE-REGULATING HORMONES

Many hormones that control appetite, hunger and
motility are produced in the GI tract and are influ-
enced by the gut microbiota.'**!** These hormones
are broadly divided into appetite stimulators, such
as ghrelin, and satiety stimulators, such as leptin,
glucagon-like peptide 1 (GLP-1), peptide tyrosine—
tyrosine (PYY), and cholecystokinin (CCK). Many
of these hormones have overlapping actions, which
is indicative of biological redundancy.'*' Leptin
reflects the body’s energy stores and is secreted
mainly from the white adipose tissue, but also from
the stomach and intestines, which contain leptin
receptors.'* Release of these hormones is influenced
substantially by the metabolites of gut microbes,
which vary among eating-disorder subtypes.'3*142

Thyroid hormones have important roles in appetite
regulation and energy balance, alone and in concert
with other hormones, particularly leptin. 33143144
Notably, T3 acts directly on the hypothalamus to
stimulate appetite and food intake®'? at physiologi-
cal levels, and the effects are rapid and independent
of energy expenditure, as described by Kong er al*:

In our studies, we peripherally administered T3,
the biologically active thyroid hormone, which
readily crosses the blood-brain barrier. Our
results support a direct effect of T3 on feeding
because this stimulation occurred in the absence
of changes in energy expenditure, behavior, or
plasma leptin. The chronic orexigenic effect of
T3 is unlikely to be a compensatory response

to weight loss because our data showed that the
dose of T3 that stimulated feeding (4.5 nmol/
kg) was actually associated with a trend toward
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Triggers:
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Figure 1:

increased weight gain. The well-characterized
effects of thyroid hormones are mediated by
nuclear hormone receptors via activation of gene
transcription and occur over a period of hours
to days. However, a number of thyroid hormone
effects occur more rapidly and are independent
of the cell nucleus. These nongenomic effects
of thyroid hormones have been described in a
variety of tissues. The rapid increase in feeding
after T3 injection observed in the current study
suggests such a nongenomic effect.

These observations suggest a powerful role for oral
T3 therapy in raising appetite and food intake in ED
patients at moderate doses that avoid overstimulat-
ing metabolism.

LT3S CYCLE IN EATING DISORDERS

LT3S in eating disorders is a self-reinforcing

cycle of dysfunction, as shown in Figure 1. Low-
calorie intake, especially if prolonged, induces low
metabolism via LT3S, which lowers GI motility,
causing chronic constipation and associated feel-
ings of fullness that inhibit eating and sustain the
disorder. The various triggers, discussed in more
detail above, can help sustain the process, including
pre-existing hypothyroidism and T4 therapy that
can compromise GI motility.*”"'4

Standard treatment involves various interventions
to increasing food intake with the goal of revers-
ing LT3S and restoring normal hunger and eating
patterns. For children, the main approach is to have
parents plan meals and monitor the child’s food
intake while encouraging them to eat more and
tolerate the discomfort. Sometimes, feeding tubes
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Hypothyroidism
Low T3 level

Self-reinforcing cycle of low-T3 syndrome in eating disorders.

are used in the hospital to directly increase calo-

rie intake, and as a tactic to scare the patient into
compliance. Gastrointestinal pro-kinetic drugs such
as erythromycin are also an option. Family-based
therapy helps by getting the whole family to act as
a team in the treatment process. Eating eventually
returns to normal in many patients. (Recurrence due
to ongoing psychological factors, such as in AN
and bulimia, are outside the scope of this article.)
However, evidence indicates that long-term caloric
restriction causes irreversible reduction of T4-to-T3
conversion and cellular transport, disposing patients
to recurrence of the eating disorder.34647.146.147

Note that hormonal intervention with T3 can reverse
or alleviate LT3S, and may be necessary in difficult
eating disorder cases. In some patients, metabolism
rises immediately with increasing T3 intake. Other
patients are less fortunate and get into the irrevers-
ible, low-metabolic LT3S state described above.’

Pre-existing autoimmune hypothyroidism adds
a further level of complexity. Hashimoto’s

5 From a systems perspective, eating disorders can exhibit both
hysteresis and irreversibility. In Figure 1, metabolism can be
considered the output of a system (the body) in response to inputs
that include calorie intake, T4 and T3 intake, and potentially other
variables. Metabolism exhibits hysteresis because it depends not
only on calorie intake in the present, but also on the history of
calorie intake and T4 and T3 intake. Irreversibility is demonstrated
when metabolism becomes “stuck’ in a low state. Hysteresis and
irreversibility have been observed in biological systems and cell
signaling and discussed in the literature'*3!“’ but not in relation to
LT3S and thyroid hormones to our knowledge. Ferrell describes
both concepts in biological systems and cites cell differentiation
as an example of irreversibility.'* Mathematical modeling of the
HPT axis is progressing,'” and future models may need to include
hysteresis and irreversibility for completeness to show the poten-
tial of T3 and/or T4 therapy in LT3S.



autoimmune thyroiditis causes psychiatric issues

in itself'3"132 and can complicate the presentation
and treatment of AN, as described by Kizilkan

et al.’** Hashimoto’s can also present with primary
adrenal insufficiency in autoimmune polyendocrine
syndrome type II (APS II or Schmidt Syndrome), in
which adrenal crisis can be precipitated by levo-
thyroxine use.'** In combination with the induced
hypothyroidism of LT3S, these issues could poten-
tially exacerbate any of the mental, psychological,
and physical maladies of hypothyroidism, some of
which are described earlier.

In the case presented here, prolonged gut dysbiosis
and nausea triggered reduced eating to initiate the
LT3S cycle; however, the patient was at risk due to
pre-existing hypothyroidism, T4 usage, and history
of constipation.

Resolution of signs and symptoms must be the main
goal of hormone treatment; laboratory tests are
unreliable. TSH is often low in LT3S and there-

fore an inaccurate marker of hypothyroidism and
low metabolism.'**’ As discussed above, TSH also
appears to be unreliable for diagnosing and monitor-
ing hypothyroidism in general: TSH is controlled
by T3 level in the pituitary gland, which converts
T4 to T3 more efficiently and reliably than other
tissues of the body in health and in illness. 6475471153
T3 can be low in the blood and other tissues while
TSH is also low due to efficient T4-to-T3 conver-
sion in the pituitary. Quoting the recent consensus
document from the American, British, and European
Thyroid Associations*: “Thus, while increasing

the LT4 replacement dose to treat hypothyroidism,
normalization of serum TSH levels will occur before
full normalization of serum T3 levels.” This also
helps explain why TSH is usually low or suppressed
when thyroid-hormone dose is raised sufficiently to
resolve signs and symptoms, as reported by promi-
nent doctors over the decades.’**!56

And finally, while we used T3 to treat the patient in
this study, administering TSH or TRH (thyrotropin
releasing hormone) are other potential options in
LT3S.1

CASE PRESENTATION

From birth, the patient was healthy and had regular
immunizations. Age 2—4 she had childhood ear

Thyroid Hormones & Eating Disorders

infections at about the same frequency or slightly
higher than other kids, and she was treated with
antibiotics. In second grade (2013), she had a
difficult period with significant constipation. This
caused severely restricted eating for a few weeks,
and she lost weight and withdrew socially, which
affected some of her relationships negatively. Her
pediatrician ordered x-rays that confirmed consti-
pation and recommended Miralax (polyethylene
glycol 3350), which was effective at relieving the
constipation, while drinking more water and eating
more dietary fiber was not.

Her father observed that she continued to have
some degree of ongoing constipation following
second grade. Prior to this, she usually ate break-
fast every day. However, afterwards, she often
skipped breakfast and, when questioned, described
lack of hunger and constipation. She also became
noticeably less affectionate and engaged, and less
interested in playing with her parents and younger
brother.

During the 2013 to 2017 period leading up to the
eating disorder, she also had difficulty concentrat-
ing in class (described as spaciness or “brain fog”)
and auditory distraction. The Children’s Health
Council (Palo Alto, CA) assessed her and reported
a disconnect between intelligence and achieve-
ment — that is, the inattention was interfering with
achieving to her above-average intelligence level.

Her father began suspecting hypothyroidism in
2013 due to these and other issues that formed a
cluster of signs and symptoms: ongoing constipa-
tion, inattention and difficulty concentrating in
school, dry skin, weak, delaminating fingernails,
dark circles under the eyes, chronic insomnia, and
family history of both parents. Her TSH rose to

7 mIU/L at age 10 in 2016, and she tested positive
for TPO and thyroglobulin (TG) antibodies, indicat-
ing Hashimoto’s autoimmune thyroiditis. Salivary
cortisol (ZRT Laboratory) was within the normal
range in May 2016, as shown in Figure 2.

She began thyroid-hormone treatment at an
integrative medicine practice soon thereafter.
Initial treatment with 25 pg T4 (SR) degraded her
condition: constipation and inattention increased
while energy decreased, and blood testing showed
increased levels of rT3. Symptoms abated with
combination SR T3/T4 therapy, which was
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Figure 2: Saliva cortisol measured through ZRT
Laboratory in May 2016 (A), May 2018 (B) and
December 2018 (C).

continued thereafter. After the Hashimoto’s diag-
nosis, TPO antibodies remained in the 200-IU/mL
range, while TG antibodies have only risen above
zero in one or two blood tests.

She stopped eating gluten in early 2017 (due to

the crossover with autoimmunity) and has been
diligent. There was no change of TPO and TG
antibodies and her parents did not notice any
change of mood. Upon taking selenium, TPO and
TG antibody levels both decreased slightly, but any
long-term effects have been unclear, compounded
by inconsistent selenium intake.

Her mental focus, engagement, and sleep pat-
terns are affected greatly by hypothyroidism and
thyroid hormone treatment. From the beginning
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of treatment, her dose had to be increased periodi-
cally at least four times over 2 years as she grew.
Insomnia was always the lead symptom, and all
symptoms abated after dose increases.

FAMILY HISTORY

The mother was diagnosed with hypothyroidism
(elevated TSH) in her mid-teens after she reported
tiredness and increased need for sleep from 8 to

12 hours per night. Treatment proceeded with T4,
to which she responded with increased energy and
weight reduction within normal range. Blood tests
in 2014 showed high rT3 when on T4 monotherapy.
She then began taking compounded SR T4/T3, and
r'T3 decreased to within the reference range.

The father experienced the clinical features of
hypothyroidism for 1-2 years and, upon treatment,
had a severe adverse response to rapid-release

T4, suffering extreme fatigue, brain fog, muscle
cramps, achy joints, and heart palpitations. He
made a full recovery with SR T3/T4 and Lugol’s
iodine (brand Iodoral or LugoTab) taken with com-
panion nutrients (selenium, magnesium, niacin, and
riboﬂavin).'06"26"30"3‘

The patient’s paternal grandmother was diagnosed
with Hashimoto’s autoimmune thyroiditis in her
50s or 60s but only began treatment with thyroid
hormones at age 90. She had a mild ischemic stroke
around age 70 years due to atrial fibrillation and
was treated with digoxin and coumadin thereafter.
She passed away at age 94 due to internal bleeding
from coumadin poisoning.

ONSET OF ILLNESS

The patient began complaining of nausea in late
November 2017 when she was just completing

the second of two rounds of antibiotics for strep
throat. Her nausea persisted, causing food intake

to decrease significantly for weeks. She also began
experiencing variable levels of energy and con-
stipation. At 68 weeks, she began experiencing
increasing levels of anxiety that culminated in
school refusal. Old and new signs and symptoms
appeared including insomnia, constant scratchy sore
throat, delaminating fingernails, feeling of restless
legs, cold-like symptoms, dizziness, blurred vision,
dark, shiny circles under eyes, and jaundice (yellow



tint to whites of her eyes). She also began avoiding
any food that she thought could possibly worsen the
GI distress and was diagnosed with ARFID (avoid-
ant/restrictive food intake disorder) that lasted over
1 year.

She began missing school more and more fre-
quently in January 2018 due to nausea and gut pain,
which would come on after meals and randomly.
Her pediatrician prescribed ranitidine (Zantac) to
reduce stomach acid, but it did not help with symp-
toms. She also had stressful emotional experiences
when a foot injury and conflict with peers caused
her to drop out of ballet class, which had been cen-
tral to her life for about 8 years.

SIBO was diagnosed in late January 2018 by breath
test. Since adequate stomach acid (low pH) helps
inhibit bacterial overgrowth (as discussed above)

we discontinued Zantac and switched to Betaine
HCI; nausea after meals was immediately reduced or
eliminated. She began SIBO treatment with botani-
cals'” and then rifaximin (Xifaxan) and nystatin for
10 days.'*® The nausea and gut pain improved clearly
after 2 weeks but did not fully resolve. She only went
to school partial days after this time.

In March, she was withdrawn from friends and
family, spending most of her time in bed feel-

ing exhausted with stomach pain, falling asleep late
(12—1 am) with insomnia, and waking late (10—11
am). A psychiatrist diagnosed generalized anxiety
disorder and depression and prescribed a selective
serotonin reuptake inhibitor (SSRI) and benzodiaz-
epine, but the patient was non-compliant.

THYROID-HORMONE TREATMENT

In early March, laboratory blood tests (Quest
Diagnostics; see Table 1) showed low levels of
thyroid hormones: free T3 (fT3) was below normal
while free T4 (fT4) was low-normal. In late March,
saliva tests (ZRT Labs; see Figure 2) showed

low levels of cortisol, indicating hypothalamic—
pituitary—adrenal (HPA) axis dysfunction. (Note
that she had normal cortisol in 2016, also shown in
Figure 2.)

Doctors began adapting her thyroid dose in late
March. Table 2 indicates progression of the clinical
features between time periods of approximately

Thyroid Hormones & Eating Disorders

3 months, while Table 1 shows laboratory test
results. Figure 3 shows the treatment progression in
graphical form.

March-May 2018: T3 dose increase,
improvement of demeanor and
food intake

Thyroid-hormone treatment commenced at an
integrative medicine facility in late March, with T3
raised carefully in increments of 1 ug every 3 days,
using a sustained-released formulation in capsules
made by Koshland compounding pharmacy (San
Francisco, CA). Per the doctor’s instruction, the
father checked daily for signs of clinical hyperthy-
roidism, including elevated pulse rate; none were
observed. Within 10 days the father observed posi-
tive changes: the patient became brighter, funnier,
and more affectionate, energetic and engaged, her
sleep patterns improved (sleep =10 pm, wake =8:30
am), and she attended school briefly one day (the
first time in weeks). Constipation and nausea dimin-
ished. She began a prescription of hydrocortisone
2.5 mg; however, it was discontinued after 5 days
as it did not seem to help with symptoms, and she
complained of increased irritability. Pregnenolone
12.5 mg also had no effect on symptoms and was
discontinued after 1-2 months. Improvement in her
condition correlated only with increasing T3 intake
during this time.

In mid-April, the family hired a personal therapist
with training and experience in adolescent school
refusal. She had some initial, short-lived success
getting the patient to go out to local stores but not
with school refusal.

In early May, her father drove her with a good
friend to a national park for a 1-week school trip.
She socialized and interacted well with others in
the campground but, citing anxiety, did not go on
group outings such as hikes and ate all meals with
her father away from others. She complained of
constipation, nausea, and feeling full upon eating or
drinking very small amounts.

After the trip, her parents took her to the emergency
room (ER) to check weight loss and vital signs.
Weight was 37.7 kg (83 1bs), and vital signs were
normal — blood pressure 105/69 mmHg, pulse 65—
70 bpm, temperature 36.7-36.9°C (98.1-98.5°F),
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Table 2: Changes of signs and symptoms over time.

Signs and Sep Jan Mar May July Sep Jan Mar Jun Sep
symptoms 2017 2018 2018 2018 2018 2018 2019 2019 2019 2019
Insomnia +++ +++ +++ + ++ + ++ - - -
Constipation + ++ +++ ++ -+ ++ + - _
Depression - +++ +++ - ++ + - - - -
Anxiety + ++ ++ ++ +H+ ++ ++ ++ + -
Restless legs - ++ +++ ++ ++ ++ ++ + - -
Dry skin + ++ ++ ++ ++ + + - - -
Jaundice - + ++ ++ +H+ ++ + - - -

Not present (—), present (+), strong (+++).

electrolytes normal — except for high orthostatic
pulse change. The staff psychiatrist met with the
patient and said that she was not depressed. This fit
with the patient’s recent social behavior, which was
limited by anxiety rather than depression.

She began taking Miralax daily, and the constipa-
tion abated along with the intensity of nausea.
Morning hunger increased and she began eating
breakfast, lunch, and dinner each day. She was

still disinterested in meat and fish, which she had
enjoyed prior to the illness. Weight had increased
to 39.6 kg (87 Ibs) at a laboratory blood draw a few
days after the ER visit (height 1.63 m/64 inches).
She began seeing friends more often and reported
feeling less overwhelmed. However, she still felt
anxiety in group situations and would only eat with
her immediate family, and she was still eating small
meals.

Many thyroid-related symptoms improved or
resolved after increasing T3 intake between March
and May 2018, including mental focus, insomnia,
tiredness, depression, and dry skin. Blood tests mid-
May (Table 1) showed low-normal fT3 and fT4,
and improved liver function (bilirubin and ALT).

The family hired a new psychiatrist with expertise
in PANS and PANDAS (Pediatric Acute-onset
Neuropsychiatric Syndrome, and Pediatric Acute-
onset Neuropsychiatric Disorders Associated with
Streptococcal infections) because the illness had
started after a bout of strep throat, which is a typical
trigger of neuroinflammation that underlies these
conditions. However, there was no other objective
or subjective evidence to support a PANS diag-
nosis: blood markers such as elevated C-reactive

protein were negative. Symptoms and progression
did not fit the criteria for PANS, in which neurolog-
ical changes occur within 48 hours of strep throat
and cause rapid changes of personality such as
obsessive-compulsive disorder (OCD) and degrada-
tion of handwriting. We held off on PANS-specific
treatment at this time.

June-August 2018: Hospitalization,
reduced thyroid dose, degraded health and
demeanor

The patient entered a hospital eating-disorders unit
due to weight loss and unstable vital signs (high
orthostatic pulse change). Food intake decreased
for 2 days and then increased through the rest of the
18-day stay with concomitant decrease of nausea
and discomfort (feeling of fullness). The attending
physician declined to accept or consider the one-
page patient health history prepared by the father,
which included the recent improvements observed
with small T3 dose increases. The physician was
also uncomfortable with the patient taking T3 and
lowered the patient’s T3 and T4 intake a few days
before discharge.

Immediately after discharge, the patient was able to
socialize with friends outside of home, indicating
some improvement in anxiety, and she continued to
eat large meals for a few days.

Around 10 days after discharge nausea increased,
and food intake, mood, and sleep patterns degraded
continually. One month after discharge, we

raised her T3 and T4 dose slightly and her con-
dition stopped degrading but did not improve.

The hospital did not follow up on the change of
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Figure 3: Timeline. Top: Weight and height measured at the physician’s office. Center: T3 and T4 intake, and
subjective observation of energy, depression, and anxiety by the patient’s father. Bottom: Free T3 and T4 levels
measured by blood draw at Quest Diagnostics (gray dotted lines are the laboratory reference ranges corresponding to
each vertical axis).

thyroid-hormone dose to see how it affected the of nausea after 24 hours and food intake decreased
patient. Six weeks after discharge, she started the next few days. An increased dose of 25 mg

12.5 mg of sertraline SSRI (considered to be sertraline at day 3 resulted in increased nausea such
half of an effective dose) following the advice of that the patient could barely eat. We discontinued
the psychiatrist, pediatrician, and doctors of the sertraline on day 5; nausea abated and food intake
eating-disorders program. She began complaining rebounded in 3648 hours.
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August-December 2018: Increased thyroid
dose and improved mood

In mid-August, we began increasing T3 by 2 ug
every 14 days. Mood and energy began improving
after 4 days and she began to socialize with friends
in the neighborhood.

Two weeks after the first dose increase, she began
attending school for brief (10-20 minute) periods in
a private room with a tutor and away from the other
school kids.

At the end of August, she was taking the same
thyroid-hormone dose as she had been taking at the
time she was admitted to the hospital.

By mid-September, her energy and mood had
improved significantly, and she was attending school
for 2-3 hours each day in the private room with a
tutor. She still experienced nausea that interfered
with eating; Betaine HCI was helping substantially
and allowed her to eat more. Her taste for meat
returned and she began eating ham and beef.

In early October, the 2-ug T3 dose increase had
diminishing immediate effects on her energy (on
the time scale of 1-2 weeks). Orthostatic vital
signs were normal. We decided to hold the thyroid-
hormone dose constant and allow time for the T3 to
take full effect while doctors of the extended group
tried different treatments.

Salivary cortisol in late December is shown in
Figure 2. Cortisol was low but in-range most of the
day — an improvement from March.

October 2019 to January 2020: Failure
of conventional treatments and
rehospitalization

In mid-October, to address potential neuroinflam-
mation from PANS, the psychiatrist started a 5-day
prednisone burst to suppress the patient’s immune
system, with the intent of resetting it. She reported
increased anxiety and depressive symptoms dur-
ing the prednisone course and recovered within
about 5 days after completion, with no noticeable
long-term changes in health or wellbeing. In early
November, she began taking the antihistamine
cyproheptadine (Periactin), prescribed by a gastro-
enterologist with the intent of reducing nausea by
calming the gut-brain connection. Over the next

Thyroid Hormones & Eating Disorders

few days, she became increasingly tired, dizzy, and
depressed, and the parents and gastroenterologist
discontinued the medication.

In early December, two family members (but not
the patient) came down with a stomach illness.
The patient began avoiding food and utensils in
the house for fear of catching the illness, and her
weight began to decrease.

At the end of December, the patient began taking
2.5 mg escitalopram SSRI (Lexapro) from the psy-
chiatrist, who intended to increase to a therapeutic
dose over time. Higher doses caused an immediate
increase in nausea and reduced eating. she contin-
ued with 2.5-mg dose after January. (The patient
continued this dose until August 2020 and then
stopped with no changes to mood or wellbeing.)

Avoidant eating and weight loss continued, and

the patient was re-admitted to the hospital in early
January for 5 days. The hospital doctors understood
that the patient had lost weight due to avoidant eat-
ing, reduced eating because of nervousness around
catching the stomach illness from the family.
However, they lowered her thyroid-hormone (T3)
dose again, stating the patient had low-normal TSH
that could have caused weight loss. One day later,
the patient complained of feeling tired and low.
Upon leaving the hospital, the prior T3 dose was
reinstated, and the patient recovered energy and
continued to gain weight.

February-June 2019: Patient attends classes
at a new school

The patient went on a family trip to the snow coun-
try and enjoyed it, to her surprise. The family also
hired a new therapist who began to have success
with exposure therapy. She began attended class in
a new, private school with help of the new thera-
pist. Her mood and social interactions improved
further upon increasing T4 intake over the next few
months, and she started menses.

October-November 2019: Increased
socialization, wellbeing, weight,
and height

The patient became increasingly social and emo-
tionally resilient. Her weight and height continued
to increase through November, at which point she
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stopped regular check-in visits to the eating-disor-
ders clinic.

DISCUSSION AND CONCLUSIONS

The patient history prior to the eating disorder
included weak fingernails, dry skin, difficulty
concentrating, insomnia, constipation, and ensuing
periods of reduced calorie intake that suggest hypo-
thyroidism began at age 7 in 2012. However, it took
4 years for her TSH to rise out of range and indicate
biochemical hypothyroidism. When treatment was
initiated in 2016, she responded poorly to T4 mono-
therapy — with decreased energy and increased

rT3 — and well to combination, SR T3 and T4 at a
ratio of about 1:10 with improvements in insom-
nia, energy, attention, skin quality, and fingernail
strength. (She also learned to take her medications
regularly and remained diligent with the changes
throughout the eating disorder, as noted by her
father.) Therefore, leading up to the eating disorder,
she would have been considered a “poor responder”
or “treatment resistant” and had a relatively narrow
therapeutic window for thyroid-hormone treatment.

Various factors could have contributed to the
narrow therapeutic window. Extended periods of
restricted eating — such as the 4-year period ending
in 2016 — could have induced permanent resis-
tance.**4” Her father’s severe negative response

to T4 monotherapy suggests a contribution from
genetics. As discussed in the Introduction, she may
have had an inherently strong, individual protective

50%

response to excess thyroid hormone concentra-
tion upon absorbing an unphysiologic oral dose:
the body overreacts to prevent hypermetabolism
(thyrotoxicosis), resulting instead in depressed
metabolism. Hashimoto’s autoimmunity compli-
cates the case further. All of these would factor into
her clinical thyroid status and modify her response
to thyroid-hormone treatment as her food intake
decreased and stress increased leading to the eat-
ing disorder. It is also possible that the patient was
undermedicated leading into the eating disorder,
given that her thyroid-hormone dose had to be
adjusted upward every few months as she grew.

Her need for T3 and T4 increased substantially dur-
ing the eating disorder, when she also grew rapidly
and went through puberty. Figure 4 shows her intake
of T3 as a fraction of T4. During the main course of
the eating disorder, T3 needed to be increased rela-
tive to T4. The T3/T4 ratio was substantially above
25% between March 2018 and May 2019. After
May 2019, the T3/T4 ratio settled to around 25%.
However, the total dose continued to increase as she
grew and became more active, as shown in Figure 3.
(The dotted line in Figure 4 is 25% T3, which is
equivalent to Thyroid USP — desiccated thyroid
extract, or DTE — which many doctors and patients
still use routinely to treat hypothyroidism.)

The literature has ongoing discussions around
mechanisms leading to the low T3 level seen in
LT3S, including the timing and order of changes
that occur in deiodinases and other hormones.'
Elevated glucocorticoids (cortisol) and pro-inflam-
matory cytokines were implicated initially, but
newer evidence points to the cycle beginning with

40%
-~ r—’
// [_J I |
30% =
z i 1 \
o \
20% /
10% / T3 intake as a percentage of T4
0%
%, Q’o\ % Yo, %, G, %A, "ﬁ@ ‘%’o\ % 4’%, O% % ,%é\ %,\ Yo, 4@ %, ""4, 4‘@ &%\ @ Y, O@o‘ U,
B e e e T e 0 T T e e e Yo o Vo % IR I R R R
Figure 4: Intake of T3 as a percentage of T4.
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changes of T3 and T4 levels themselves that then
cause changes in the deiodinase enzymes.'> The
patient in this case had low — not elevated — saliva
cortisol (Figure 2) and low T3 in March 2018, early
in the eating disorder. She responded neutrally or
poorly to low-dose hydrocortisone (2.5 mg, SR),
which was discontinued after 5 days. In contrast,
she responded well to T3 and T3/T4 therapy, with
cortisol rising to low-normal in December 2018.
This suggests that the thyroid dysfunction precipi-
tated the low cortisol rather than vice versa.

Exposure therapy helped the patient reintegrate
academically and socially, but only after she had
recovered significant mental and physical func-
tion with thyroid-hormone therapy. Earlier in the
treatment, nurturing counselors and well-trained
therapists had little success.

Update on the patient, November 2021

The patient’s health and wellbeing have improved
continually with ongoing careful thyroid treatment.
Her thyroid dose increased to 30 g T3 and 127 ug
T4 (all in SR form) and has been steady over the last
year along with her height of 1.74 m (68.5 inches)
and weight of 58.1 kg (128 1bs). She discontinued
taking escitalopram SSRI (2.5-mg dose) in August
2020 with no changes to mood or wellbeing. Since
going through puberty, her iron levels have been low
along with vitamin D, folate and zinc, and supple-
mentation has been important.!?812159-161 She began
attending a mainstream public high school this

year as a junior and has developed a large circle of
friends. Tennis is her main sport.

The T3 and T4 dose adjustments correlated strongly
with improvements to her health and wellbeing,
including improvements in constipation, food intake,
anxiety, depression, outgoingness, and sleep patterns,
suggesting the myriad, powerful effects of thyroid
hormones and a likely causal link. That thyroid-
hormone treatment was successful when multiple
conventional treatments failed underscores the need
for further ED/thyroid studies. Unfortunately, the
patient’s progress may also have been constrained by
well-intentioned doctors who did not follow sound
medical practice, such as accepting (or taking) a
proper medical history and supporting fundamental
(thyroid-hormone) treatment that was underway and
showing clear efficacy. These actions are not unique
in thyroid therapy and reflect the state of the field as

Thyroid Hormones & Eating Disorders

discussed earlier. This presents a substantial problem
for parents of children with eating disorders and for
patients themselves. In most cases, they will not be
given complete information about the fundamentals
of the disorder or the option for thyroid-hormone
treatment that could be beneficial or even lifesaving.
Parents must recognize this and plan accordingly

by finding experienced doctors. Parents know their
children best and are their best advocates. This case
illustrates the efficacy of adapting thyroid-hormone
treatment to the patient in different circumstances of
life to optimize and maintain health. It also demon-
strates the need for unbiased observation with “high
degree of suspicion” when diagnosing and treating
hypothyroidism.
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