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Thyroid Balance

The thyroid is an endocrine gland in the neck that produces two thyroid hormones -
triiodothyronine (T3) and thyroxine (T4), and calcitonin. Thyroid hormones control the
metabolism of almost every cell in the body, with wide-ranging metabolic, developmental and

cardiovascular effects.

Thyroid activity is altered by genetics and environmental factors: nutrients (tyrosine, selenium
and iodine), toxins (fluoride, chlorine or moulds), psychosocial or physical stressors, bacteria
and viruses. Insufficiency or excess can result in HPT axis (Hypothalamus-Pituitary-Thyroid)
dysfunction, autoimmune thyroid diseases (AITDs) such as Graves' and Hashimoto's, thyroid
sensitive cancers (although rare), and impact transport, activation and response to thyroid

hormones.

Thyroid dysfunction can result in many different symptoms. Hypothyroidism (under activity)
can cause weight gain, fatigue, low libido, cold intolerance, dry skin, constipation and
depression. Symptoms of hyperthyroidism (over activity) include anxiety, heat intolerance,

heart palpitations, insomnia and weight loss.

The Thyroid Balance report analyses the genes involved in the thyroid hormone lifecycle:
synthesis - centrally in the thyroid, activation in peripheral tissues, transport and metabolism,
processing of cofactors (vitamins D and A) and inhibitors (stress and toxins). It also examines
genes that confer susceptibility to inflammation and autoimmunity. The report is organised
accordingly including personalised summary diagrams and detailed results followed by a

generic thyroid system guide.
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Thyroid Balance

HPT Axis Diagram
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Thyroid Balance

Transport and Activation Diagram
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Thyroid Balance

Detailed Results for HPT Axis
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This SNP is located near to the CAPZB gene. Each G allele is
associated with lower serum TSH levels, subsequent down-
regulation of thyroid hormone synthesis and risk of
hypothyroidism. Consider this result alongside PDE8B which
may also influence TSH levels.

Normal regulation of cortisol in response to stress. No
disruption to the HPT axis negative feedback loop. Regardless of
FKBP5 genotype, chronic psychological or physical stress can
increase cortisol and negative feedback on the HPT axis, and
reduce TSH and thyroid hormone synthesis.

No result. It was not possible to read the genetic code at this
location.

Normal cAMP degradation and thyroid gland sensitivity to TSH.
Not associated with risk of hypothyroidism or miscarriage.
Consider this result alongside CAPZB which may also influence
TSH levels.

Normal activity. No increased risk of developing autoimmune
thyroid disease. Tg provides tyrosine for thyroid hormone (TH)
synthesis and enables storage of inactive TH and iodine. Tg is a
major AITD susceptibility gene. As the C allele is recessive a
homozygous genotype (CC) is required to have a negative
impact.

Some increased risk of developing TSI antibodies which
overstimulate TSHR and increase TSH levels. This can result in
Graves' disease (hyperthyroidism) or, less frequently,
Hashimoto's. TSI antibodies are further stimulated by
inflammatory substances such as TNF. Anti-inflammatory
nutrients such as vitamin D may help reduce risk.
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Thyroid Balance

Detailed Results for Autoimmune
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CTLA4 is involved in the regulation of self-tolerance by the
immune system. SNPs affect the inhibitory function of the
molecule with reduced control of T-cell proliferation. All 3 CTLA4
SNPs are closely linked and the risk of AITD is increased with the
number of risk alleles.

Normal (not increase) risk of developing Graves' disease or
Hashimoto's thyroiditis.

No increased risk of Graves' disease. All 3 CTLA4 SNPs are
closely linked and the risk of AITD is increased with the number
of risk alleles.

No result. It was not possible to read the genetic code at this
location.

Also called TTF2 (Thyroid Transcription Factor 2) the FOXE1 gene
is involved in thyroid gland development and Tg and TPO
expression. The G allele is associated with higher activity and
greater risk of developing autoantibodies and hypothyroidism,
and of cleft lip and cleft palate.

The T allele, a proxy for the HLA-DR3 genotype, enables the
presentation of Tg peptides to T-cells which increases the risk of
autoimmune thyroid disease. Risk of Graves' disease, and to a
lesser extent Hashimoto's, is further increased in combination
with TG risk variants.

No variance. Not associated with risk of celiac disease,
autoimmune thyroid disease or other autoimmune conditions.

No variance. No increased risk of developing autoimmune
diseases. PTPN22 is a negative regulator of T-cell activation.
Consider this result alongside the HLA gene results.
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Thyroid Balance

Detailed Results for Inflammation
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Increased risk of CD40 over-expression and promotion of
thyroid inflammation, which may initiate or potentiate Graves'
disease.

Normal FCRL3 expression. Normal (not increased or decreased)
risk of developing autoimmune thyroid disease.

Poor Transporter. Decreased circulation of vitamin D which may
reduce its availability to counteract inflammation.

Interleukin 6 stimulates inflammatory and autoimmune
processes. An increased activity is associated with increased risk
of autoimmune diseases, particularly Grave's disease.

Ensure intake of anti-inflammatory nutrients such as omega 3
fatty acids in oily fish, like sardines, salmon and mackerel.

Normal activity. This genotype is not associated with increased
activity, inflammation or risk of Graves' disease. TNF is an
inflammatory cytokine that plays a pivotal role in regulating
immunological reactions and the development of autoimmune
diseases.

Lower sensitivity. Reduced vitamin D receptor activity and
response to vitamin D, which may result in symptoms of
insufficiency. Higher levels of vitamin D may be needed to
achieve the same anti-inflammatory effects.

Lower sensitivity. Reduced vitamin D receptor activity and
response to vitamin D, which may result in symptoms of
insufficiency. Higher levels of vitamin D may be needed to
achieve the same anti-inflammatory effects.
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Thyroid Balance

Detailed Results for Transport

SLCO1B1 cTvy Less efficient transport of thyroid hormone (T4), bilirubin,

rs4149056 oestrogen and some medications (including statins) into cells,
which can result in higher serum levels, but lower cellular levels.
Hence T4/ T3 serum levels may not reflect cellular activity.

SLCO1C1 CTv Less efficient transport of thyroid hormone (T4) into cells, hence

rs10770704 serum T4 levels may not reflect cellular T4/ T3 activity. Reduced
transport of T4 into the brain may increase the risk of fatigue
and depression.
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Thyroid Balance

Detailed Results for Activation

BCO1 AA Normal converter of beta-carotene to retinol (preformed vitamin

rs12934922 A). As retinol is a co-activator of thyroid hormone, insufficiency
may impact thyroid hormone function. The two BCO1 SNPs
should be examined together, the effect of negative genotypes is
additive.

BCO1 TCv Reduced ability to convert beta-carotene to retinol (preformed

rs7501331 vitamin A). As retinol is a co-activator of thyroid hormone,
insufficiency may impact thyroid hormone function. The two
BCO1 SNPs should be examined together, the effect of negative
genotypes is additive.

DIO1 ACY Less efficient conversion of T4 to T3 in peripheral tissues, which

rs2235544 may impact bone density and central nervous system activity
(leading to depression), and reduced clearance of rT3. The DIO
genes are selenium dependent. DIO1 is the main DIO in the
thyroid gland. It activates T4 to T3 (and rT3) and deactivates rT3
to T2.

DIO2 cCvy The wild C allele is associated with increased risk of bipolar

rs12885300 disorder, particularly in combination with the higher risk DIO2
rs225014 C allele. Both DIO2 SNPs should be examined together,
rs225014 having a stronger impact.

DIO2 cTv The variant C allele is associated with lower DIO2 expression and

rs225014 T3 levels. Increased risk of hypothyroidism, depression, type 2
diabetes and osteoarthritis. This genotype may respond better
to combined T4/T3 therapy or higher dose T4 than standard T4
therapy.

GC GTY Poor Transporter. Decreased circulation of vitamin D which may

rs2282679 cause symptoms of vitamin D insufficiency.

VDR Ty Lower sensitivity. Reduced vitamin D receptor activity in

rs1544410 response to vitamin D. Vitamin D and T3 interact in tissues
where both VDR and thyroid hormone receptors are present,
with genomic and non-genomic effects. Higher levels of vitamin
D may be needed to achieve the same benefit.

VDR GAY Lower sensitivity. Reduced vitamin D receptor activity in

rs731236 response to vitamin D. Vitamin D and T3 interact in tissues
where both VDR and thyroid hormone receptors are present.
Higher levels of vitamin D may be needed to achieve the same
benefit.
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Thyroid Balance

Detailed Results for Metabolism

SULT1A1 cC Normal SULT1A1 activity. Sulphonation is a key pathway for

rs9282861 metabolism of thyroid hormones and is an important source of
iodides for re-use, for thyroid hormone synthesis. It is inhibited
by oestrogens, thyroid hormone and many xenobiotic
substances. Sulphur, found in garlic, onions and leeks, is needed
to support this pathway.

SULT1E1 cC Normal sulphonation of thyroid hormones, and sex steroid

rs3736599 hormones - oestrogen, DHEA and pregnenolone. The SULT1E1
gene is inhibited by oestrogen, and by many xenobiotic
substances. Sulphur, found in garlic, onions and leeks, is needed
to support this pathway.

UGT1A1 TGV Less efficient glucuronidation of thyroid hormones and
rs4148324 oestrogens. Assess gut health since glucuronidation is impeded
by dysbiosis.
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Thyroid Balance

A Guide to the Thyroid System

This guide contains detailed explanations of the metabolism and genes involved for each of these
sections: HPT Axis, Autoimmune and Inflammation, Transport, Activation, and Metabolism. In addition,
a Thyroid Functional Testing section explains the different tests possible to check the thyroid condition.

The HPT Axis

The Hypothalamus-Pituitary-Thyroid Axis is the
core pathway for thyroid hormone synthesis.

The hypothalamus produces TRH (Thyrotropin
Releasing Hormone) that binds to its receptor
TRHR in the pituitary gland. This stimulates the
pituitary gland to produce TSH (Thyroid
Stimulating Hormone), as well as prolactin. TSH
interacts with the TSHR (Thyroid Stimulating
Hormone Receptor) stimulating the thyroid
gland to synthesise and release thyroid
hormone.

The CAPZB and PDES8B genes regulate levels of
TSH. Having a SNP on either of these genes can
increase the risk of developing hypothyroidism.
SNPs on the TSHR gene can increase the
sensitivity of TSHR to TSI (Thyroid Stimulating
Immunoglobulin), increasing TSH production
and the risk of hyperthyroidism and Graves'
disease.

The main thyroid hormones: T3, T4 and rT3 are
synthesised by the thyroid gland, in a ratio of
about 90% of T4, around 9% of T3 and less than
1% of rT3. Tg (Thyroglobulin) provides the
tyrosine needed for thyroid hormone synthesis,
and also enables storage of inactive thyroid
hormones and iodine. Variants on the TG gene
are associated with susceptibility to
autoimmune thyroid diseases (AITDs) - Graves'
disease and Hashimoto's thyroiditis.

The TPO gene oxidises iodide to iodine, with the
cofactor hydrogen peroxide (H202), and
catalyses the conjugation of tyrosine residues
and iodine to make T4, T3 and rT3. The GPX1
(Glutathione Peroxidase 1) gene is critical to
removal of excess H202, which can otherwise
damage the thyroid. Selenium is needed to
make glutathione peroxidase, and glutathione is
needed as a cofactor. Fluoride and chlorine have
been associated with higher TSH and
hypothyroidism.

Thyroid hormone levels are kept in balance via a
negative feedback loop. If too much T3 or T4 is
present, the negative feedback loop signals to
the hypothalamus and the pituitary gland to
reduce thyroid hormone production. Cortisol
can upregulate the feedback loop. Having a SNP
on the FKBP5 gene can impede the removal of
cortisol and increase the negative feedback
effect.

What can go wrong?

A hypothalamus injury or tumour can result in
insufficient TRH and hypothyroidism. A tumour
or a problem with the pituitary gland can cause
an excess of TSH to overstimulate the thyroid
and result in hyperthyroidism. Environmental
factors including poor nutrient status, high toxic
load and stress can also result in imbalance.
lodine is an essential component of thyroid
hormones, and iodine deficiency is the top
cause of hypothyroidism worldwide. However,
excess iodine can increase the risk of AITD,
particularly Hashimoto's. Other nutrients that
are necessary for HPT support are tyrosine, iron,
selenium and glutathione. Conversely, chlorine
and fluoride, even at low levels, can inhibit
thyroid hormone synthesis. Genetic variances
(SNPs) on the genes involved in the HPT Axis
mean that the risk of developing thyroid
imbalances varies significantly between
individuals.

Autoimmune and Inflammation

Autoimmune thyroid diseases (AITDs) result
from dysregulation of the immune system
leading to an immune attack on the thyroid.
Thyroid autoantibodies develop when a person's
immune system mistakenly targets components
of the thyroid gland or thyroid proteins, leading
to chronic inflammation of the thyroid
(thyroiditis), tissue damage, and/or disruption of
thyroid function.
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Thyroid Balance

The prevalence of AITDs is estimated to be 5%
however, the prevalence of antithyroid
antibodies without clinical disease may be even
higher, and women have far greater risk than
men.

The two main AlTDs are Graves' disease (GD)
and Hashimoto's thyroiditis (HT). While clinically
different, Graves' disease and Hashimoto's
thyroiditis share immune-genetic mechanisms.
AITDs are T cell-mediated organ-specific
autoimmune disorders and are the most
frequent autoimmune disorders and the most
common pathological conditions of the thyroid
gland.

Genetic variants provide the primary risk for
AITDs. Several genes have been identified as
significantly associated with AITDs and the
presence of thyroid antibodies. Indeed, AITDs
arise due to complex interactions between
numerous environmental and genetic factors.

Genes that confer susceptibility to AITDs have
been identified and grouped as:

*  Thyroid-specific genes: TSHR, GPX1 and TG

* Immune-modulating genes: the HLA family,
CTLA4, PTPN22 and FOXE1

* Inflammation-modulating genes, including
IL6, TNF, CD40, FCRL3, and VDR and GC
genes which impact Vitamin D (an anti-
inflammatory agent)

Several environmental factors have been
identified as triggers for AITDs: imbalance
between stimuli and inhibitors, intolerance to
specific foods, 'leaky gut', high toxic load,
radiation, iodine (high or low), inflammation,
smoking, alcohol, infection and stress.
Autoimmune diseases often occur together so
having one increases the risk of developing
others.

Transport

Thyroid hormone transporters are key to thyroid
hormone action and function. Circulating T4 and
T3 do not passively cross cell membranes and

need to be actively transported including to and

from liver, thyroid follicular cells and astrocytes
and neurons in the brain. There are three main
transporters types: MCTs (monocarboxylate
transporters), Solute Carrier Organic Anions
(SLCOs) (also called Organic Anion Transporting
Peptides OATPs) and LATs (L-type amino acid
transporters).

Solute Carrier Organic Anions (SLCOs) transport
thyroid hormones, including their sulphate
conjugates. SLCO1C1 has a high specificity and
affinity to T4 and rT3 and facilitates transport of
T4 into astrocytes (in the brain) for conversion to
T3 by DIO2. SNPs on SLCO1C1 are linked to
reduced transport, and fatigue and depression.
SLCO1B1 is expressed in the liver. The SNP on
this gene is linked to reduced transport and
clearance of statins, bilirubin, E1S (oestrogen
sulphate) and T4S (T4 sulphate).

Monocarboxylate transporter MCT8 (also called
SLC16A2) transports thyroid hormones (T4, T3,
rT3 and T2) out of the thyroid and into
peripheral cells. As these SNPs are very rare we
do not test for them. L-type amino acid
transporters (LATs) transport both T4 and T3 but
with lower affinity than the other transporters.

Activation

In the thyroid and peripheral tissue cells, the
deiodinases (DIOs) 'de-iodinate' (remove iodine)
from thyroid hormones to activate or deactivate
them, and release iodine for reuse. DIOs are
selenocysteine-dependent membrane proteins
which means they need selenium to function.
Selenium deficiency can therefore contribute to
lower T3 levels. There are three major
deiodinases: DIO1, DIO2 and DIO3.

DIO1 is the main DIO in the thyroid gland. It
activates T4 to T3 (and rT3) and de-activates rT3
to T2. DIO1 activity is impacted by iodine
deficiency. SNPs can also result in lower DIO1
activity and consequently (lower) T3, higher T4
and rT3, and may increase the risk of
depression.
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Thyroid Balance

DIO2 is the major converter of T4 to T3 in the
thyroid and in peripheral tissue cells. It is widely
expressed, including in the thyroid and the
brain. DIO2 is upregulated in the thyroid in
Graves' disease and follicular adenomas. The
DIO2 rs225014 SNP is associated with lower
DIO2 expression which can lead to
hypothyroidism, depression and fatigue.
Another DIO2 SNP rs12885300 has been linked
to increased risk of bipolar disorder.

DIO3 is the major deactivator of T4 to rT3. Itis
active in pregnancy and newborns and
reactivated in critical illness and starvation (or
fasting). There are no meaningful DIO3 SNPs to
report.

The majority of hypothyroid patients are treated
with L-thyroxine which requires deiodination to
T3 for physiological activity. However, changes in
DIO function could impair L-thyroxine therapy.
Indeed, the rs225014 SNP on the DIO2 gene is
implicated in decreased clinical effect of T4
therapy. Therapeutic considerations in the
context of DIO2 SNPs and hypothyroidism may
include: increasing T4 dosage, T3 therapy or
combination T4 and T3 therapy (including NDT -
natural dessicated thyroid).

Once inside the cell, thyroid hormones can have
genomic or non-genomic effects via thyroid
hormone receptors (THR). Non-genomic effects
include: regulation of mitochondrial metabolism,
stimulation of glucose uptake, intracellular and
membrane effects (including transport into and
out of the cell), and regulation of bone
maintenance. THRB is a thyroid hormone
receptor with SNPs linked to thyroid hormone
resistance but they are very rare (1 in 40,000)
and the impact is not well understood. Hence
we do not report them.

Genomic effects of THRs involve interaction
(binding) with other receptors including Retinoid
X Receptor Alpha (RXRA) and Vitamin D Receptor
(VDR). RXRA is activated by retinoic acid and
subsequently forms heterodimers with THRs
(and Vitamin D Receptors) stimulating genomic
transcription and translation which are
necessary for growth and development.

Hence we report SNPs on the BCO1, GC and VDR
genes which impact availability and sensitivity to
retinol and vitamin D.

Metabolism

Thyroid hormones are metabolised through the
Phase 2, sulphonation and glucuronidation,
detoxification pathways in the liver.

SULT genes (SULTA1 and SULT1E1) are involved
in sulphonation and transform thyroid
hormones to sulphated forms such as T3S (T3-
sulphate). T-sulphates are rapidly degraded by
DIO1, for elimination (hence this is considered
irreversible). However, when DIO1 is inhibited,
due to (non-thyroid) critical illness,
hypothyroidism, fasting or selenium deficiency,
T-sulphates may be reactivated. The oestrogen
sulpho-transferase (SULT1E1) is also an
important enzyme for sulphation of thyroid
hormones. A diet low in sulphur will impede this
pathway regardless of genotype.

UGT genes (UGT1A1) are involved in
glucuronidation and elimination of bilirubin,
steroid and thyroid hormones, bile acids, and
retinoids, as well as xenobiotics such as
environmental chemicals, pollutants and
medication. UGT1A1 is the main contributor to
thyroid hormone glucuronidation in the liver
with rT3 being the main substrate, and some
metabolism of T4. UGT1A1 transforms these
thyroid hormones to iodothyronine
glucuronides, using UDP-glucuronic acid as
cofactor. When thyroid hormones are elevated,
glucuronidation becomes more important as a
mechanism to return levels to normal. However
beta-glucurodinase bacteria, which can be
elevated in dysbiosis, can liberate the
glucuronides which are then reabsorbed.
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Thyroid Balance

Functional Testing

Thyroid functional tests are used to check the
function of the thyroid. They may be requested
if a patient is thought to suffer from a thyroid
condition or to monitor thyroid hormone levels
or response to medication.

The first test a health practitioner will usually
order to detect thyroid dysfunction is a test for
thyroid stimulating hormone (TSH). If the TSH
level is abnormal, a test for free thyroxine (free
T4) can confirm the diagnosis. Optimal reference
ranges depend on the method of analysis and
will vary according to the laboratory.

TSH - to test for hypothyroidism,
hyperthyroidism, screen newborns for
hypothyroidism, and monitor treatment for
thyroid disorders

Free T4 - to test for hypothyroidism,
hyperthyroidism, screen newborns for
hypothyroidism, and to monitor treatment of
thyroid disease

Free T3 - primarily to test for hyperthyroidism,
especially when the free T4 is not elevated;
when people are iodine-deficient, the thyroid
makes much more T3 than T4

Total T3 - in general, high total or free T3
results may indicate an overactive thyroid gland
(hyperthyroidism) and low total or free T3
results may indicate an underactive thyroid
gland (hypothyroidism)

Reverse rT3 - |ess frequently tested, rT3 may be
high during fasting, starvation, illness such as
liver disease and during times of increased
stress, and in patients with fibromyalgia and
chronic fatigue syndrome (CFS)

Testing for thyroid antibodies, such as thyroid
peroxidase antibody (TPO), is usually ordered to
help diagnose an autoimmune thyroid disease
and to distinguish it from other forms of thyroid
dysfunction. There are many different
methodologies for thyroid antibody testing and
each has different reference ranges. If someone
is undergoing regular testing to monitor
changes over time it is best to use the same lab
test. The main antibodies are:

TPOAb - Thyroid Peroxidase antibody - the most
common test for AITDs (Hashimoto's or Graves'
disease)

TgAb - Thyroglobulin antibody - targets
thyroglobulin (stored in the thyroid). Present in
Hashimoto's or Graves' or thyroid cancer.

TSHRAD - Thyroid Stimulating Hormone
Receptor antibodies - present in Graves' disease.

Other tests that can be performed include:

Nutrient tests - of Vitamin D, Vitamin A
(retinol), Folate, B12, Selenium, lodine and
Ferritin status

CRP - C Reactive Protein - a marker for
inflammation

Calcitonin - to help detect the presence of
excessive calcitonin production (can occur in
some thyroid cancers)

Thyroglobulin - to monitor the treatment of
thyroid cancer and to detect recurrence

Fine-needle biopsy - inserting a needle into the
thyroid and removing a small amount of tissue
and/or fluid from a nodule or other area for
examination

Thyroid scans - that use radioactive iodine to
look for thyroid gland abnormalities and to
evaluate thyroid function (for iodine uptake) in
different areas of the thyroid

Thyroflex - a non-invasive test which measures
the speed of the brachioradialis reflex in your
forearm

LGX

© Copyright 2025, Lifecode Gx® Ltd

13



Thyroid Balance

How to Read the Report

Genes Personalised Result

Results are listed in order of the gene short Your genotype result is shown as two
name. The 'rs' number is the reference letters (A,G,T or C) which represent the
sequence number that identifies a specific DNA bases present at that location.
location on the genome. It is also known as a

SNP (Single Nucleotide Polymorphism) Multiple attempts are made to achieve
pronounced 'snip', polymorphism or mutation. the required level of statistical

confidence, but if that cannot be met it
is reported as 'No result’.

GPX1 AGY Less efficient removal of hydrogen peroxide, which can increase
rs1050450 risk of accumulation and oxidative damage, TPO antibodies and

Hashimoto's. Ensure good intake of antioxidants, particularly
glutathione and selenium.

~—

/ T~

Arrow Direction Highlight Colour

The direction of the arrow indicates the The genotype result highlight indicates
potential effect of the SNP on gene expression, the potential effect of the SNP on gene
where applicable - it can increase or decrease function in a particular context.

activity, or neither.
RED the effect of the variant is

A up-regulates or increases the activity and negative

effect on the gene
the effect of the variant is

¥ down-regulates or decreases the activity and somewhat negative

effect on the gene
GREEN no variation, or the effect of

No arrow - no effect on the activity of the the variant is positive
gene

Pathway Diagram Key

( Cofactor) Clnhibitor)
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