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An important part of the BioTE® method of hormone optimization is reestablishing thyroid hormones to levels that maximize metabolism in our cells, As we
meander through the “seasons” of our life, after our teenage years, many of our hormones begin a never-ending decline. One of the most important of these
deteriorations in that which occurs with thyroid hormones.

Hypothyroidism is pervasive throughout our patient population and reportedly affects 50% of cur population (Starr, 2011). Dr. Hertoghe, a Belgian
endocrinelogist, estimated the incidence to be as high as 80% in his country. Most often, it is not primary hypothyroidism with the traditional high TSH and
fow T4 and T3 that is seen. More commaonty, patients exhibit type 2 hypothyroidism which results in normal TSH and low T3 levels. Thyroid symptoms may
also present with completely normal lab values.

At BigTE ®, we have treated tens of thousands of patients incorporating thyroid optimization, testosterone and estradiol pellets, and nutraceuticals for
additional cellular support.

For decades most prescribers, including endocrinofogists, have assumed that normalization of TSH can be done with T4 alone, and that normalization of TSH
indicates a euthyroid state. In the 1990s, studies disputed this commoniy held thought. Authors concluded that T4 could maintain decent levels of T3 in the
pituitary resulting in normal TSH, but virtually all other tissues throughout the bady had low T3 concentrations {Escobar-Morreale, et al. 1996). Moreover,
suppressed TSH did not indicate hyperthyroid state, in fact, the likelihood that a suppressed TSH indicated over replacement was approximately only 16%
of the time {Fraser, W. et al., 1986). Over time, the Endocrine society has transitioned what is considered the normai parameters for TSH however they have
never found what serum fevels of TSH are optimal. Furthermore, ethnicity, iodine intake, gender, age, and body mass index can influence the reference range
of serum TSH which is not refiected on lab reference ranges (Biondi, 2013).

Similar to what has been reported with testosterone, there are over 200 symptoms related to thyroid deficiency. These include, but are not limited to, cold
hands and feet, thinning hair, weight gain, increase body fat, decreased energy, loss of cognition, depression, menstrual irregularities, and a compromised
gut motility (Marrison’s Principles of Internal Medicine, 20th edition). The long-term benefits of thyroid optimization have been reported to include an
improvement in cardiovascular disease, brain function, weight loss, and improved lipid profile (Barnes, 1976). Optimization of T3 in obese patients, with
normal thyroid labs, resuits in a statistically significant reduction in CV risk factors including lipid levels and insulin sensitization (Krotkiewski, 2000},

Thyroid deficiency is unfortunately often attributed to a decrease in hormone production by the thyroid giand. White this is one cause, two other significant
causes should be considered. Thyroid deficiency ¢an also be caused by decreased conversion of T4 to T3 as well as resistance at the receptor site causing low
thyroid symptoms despite “normal” blood levels. These causes are similar to what is seen with testosterone deficiency and insulin resistance. (Larsen, 1982;
Maia, 1995; Ortiga-Cavatho, 2014; Persani, 2012). Low T3 concentrations at the cellular level is a significant contributor to the symptoms of hypothyroidism.
It is not the TSH nor the T4 levels that are erroneousty purported. (Escobar-Morreale, 1995).

Understanding that symptoms that do not necessarily correlate with laboratory levels of TSH is critical as the American Thyroid Association and AACE
Guidelines in 2012 indicate no treatment is needed with a normai TSH level despite symptoms being present. Unfortunately, these guidelines result in the
persistence of symptoms due to undertreated hypothyroidism and the utilization of other types of drug therapy to treat weight gain, cognitive decline, and
other low thyroid symptoms that result in poor quality of life for our patients.

When we are euthyroid and our body’s homeostasis is present, thyroid hormone in the periphery and the pituitary are aligned. However, there is a disconnect
between pituitary thyroid hormone levels and levels seen in the peripherai cells when stress, chronic inflammation, iliness, obesity, insufin resistance, low
testosterone and other disruptors of our generalized well-being occur. Unfortunately, TSH is poarly correlated to these reduced ievels of thyroid hormone
in peripheral tissue. It is serum free T3 levels that are the better barometer of peripheral thyroid dysfunction. (Lim et al., 1984).

Larsen eloquently stated that “Changes in pituitary conversion of T4 to T3 are often opposite of those that occur in the liver and kidney under similar
circumstances. Given these results, it is not surprising that a complete definition of thyroid status reguires more than the measurement of serum
concentrations of thyroid hormones. For some tissues, the intracellular T3 concentration may only parfially reflect those in the serum.” This phenomenon
manifests itself because the enzymes in the thyroid responsible for the deiodinase reaction converting T4 to T3 are different than the enzymes in the ceils
everywhere else in the body. {Larsen,1982)

Gary S. Donovitz MD, Cory Rice DO, Mandy Cotten DNP Page 1 of 4



Thyroid Disease - A White Paper Monograph

Two studies clarify the point that as patients age, treating with T4 alone (e.g. Synthroid, levothyroxine) will never deliver optimal cellular active T3 levels and
thereby mitochondrial funciion will be hampered. The first study indicates that, the majority of patients, at one time or another, suffer from stress, chronic
inflammation, iliness, obesity, insulin resistance, low testosterone or dyslipidemia, resulting in disrupted transport of T4 into the cells of our body. Thus, the
substrate (prohormone) needed to make T3 is reduced resulting in an intracellutar depletion of the active thyroid hormone T3 (Hernemann et al., 2001). The
second study (Strich et al,, 2016), clearly demonstrates that as we age we are less capable of converting T4 to T3 and therefore treatment with T4 alone will
not deliver optimal T3 levels in our vital organs.

A finat point regarding the variation in the deiodinase enzymes throughout cur body is that in the heart muscle there is no deiodinase enzyme and therefore
the heart cannot make T3 at the cellular level. (Danzi & Klein, 2005). We know from Dr. Broda Barnes’ study that thyroid optimization is critical to reducing
coronary heart disease and therefore adequate supplementation with T3 is critical. (Barnes, 1976}

In men and women, the leading cause of mortality is cardiovascular disease (CVD). it is generally accepted that the euthyroid state is preferred for the
cardiovascular system because both hyperthyroidism and hypothyroidism cause or accelerate disease processes. Hypothyroidism is known to be associated
with atherosclerosis and ischemic heart diseases. In order to reduce the incidence of CVD, we must reduce inflammation and improve blood flow fo
the heart. Thyroid Replacement Therapy {TRT) and more specifically thyroid optimization reduces C-Reactive Protein, reduces horocysteine, dilates the
coronary arteries, promotes angiogenesis and neo-vascularization. In fact, it appears the lack of thyroid hormone leads to vaso-constriction of the arterioles.
The reality is that survival post-acute myocardial infarction is greater if one’s Free T3 is optimal. (Christ-Crain M Atherosclerosis 2003) (Nedrebo, 1998;
Yingheng ,2010; Luldens, 2010; Pavlou, 2002).

A commeon alleged fear of TRT, not supported by the evidence, is that thyroid replacement and optimization causes arrythmias. The reality is treating thyroid
to a euthyroid state has anti-arrhythmic properties. In fact, low T3 increases one’s propensity to ventricuiar tachycardia. Post-operatively, low Free T3
increases the incidence of atrial fibrillation. (Shimoyama, 1993; Cerillo, 2C03)

Another fear of prescribing thyrcid hormone is that patients will develop osteoporosis secondary to TSH suppression. This is a myth, far from reality, and is
not supported by the evidence in the literature. Thyroid replacement therapy in pre-menopausal and post-menopausal women does not cause a reduction
in BMD. (Gorres, 1996; Garin, 2014; Quan, 2002)

The litmus test for any interventional therapy, including hormone optimization of all hormones, must start with improvement in clinical symptoms and
encompass patient satisfaction while dually being cognizant of the side effects of the therapy. In a randomized doubie-blind crossover study compating
desiccated thyroid extract (DTE) to levothyroxine (L-T4), the majority of patients preferred DTE over L-T4. In all symptom categories, the desiccated thyroid
was subjectively better which will translate into better patient comgliance and continuation rates (Hoang, 2013) Overwhelming patient preference for DTE
over levothyroxine was also seen in the Pepper et al. study comparing Armour thyroid to levothyroxine. (Pepper, 2014) in a large study involving 12,000
patients, T4 replacement had the lowest patient satisfaction score. Participants reported better success with weight management, fatigue, memory and
overall cognition, and mooed swings using DTE. (Peterson, 2018) Two tenets to always remember in diagnosis and treatment of hypothyroidism, from the
legendary pioneer Dr. Broda Barnes: TSH is a poor lab test and fails to diagnose a large percentage of patients with hypothyroidism and secondly, desiccated
thyroid is more efficacious than Synthroid {levothyroxine). Synthetic T4 was first manufactured in 1950's and was grandfathered by the FDA. Synthetic T4
was marketed as being a2 new and better drug in comparison to DTE that had been around for fonger and was made to look like an antiguated treatment.
Studies comparing DTE to T4 seem to conclude that DYE is “not superior to T4” indicating that T4 therapy should be utilized; however; there has never been
a long-term study on its use in treating hypothyroidism.

In addition to Type 2 Hygothyreidism, a very common autcimmune condition known as Hashimoto’s Thyroiditis, affects one’s thyroid homeostasis via
the destruction of the thyroid gland. Hashimoto's affects 10% of the U.S. popuiation and is 7x more prevalent in women. it is the most common cause of
hypothyroidism (Wentz, 2013}, More than 0% of patients with Hashimoto’s have elevated thyroid peroxidase antibodies (Gartner, 2002). Hashimoto’s
comprises a vicious cycle of triggers (e.g. gluten, low iron, stress, leaky gut) and destruction, leading to depletion of nutrients and further thyroid compromise.
Patients can fluctuate between being hypothvroid and hyperthyroid until eventually the thyroid gland is destroyed. Laboratory testing of Thyroid Peroxidase
Antibodies {TPO) provides the best confirmation of the disease. A positive diagnosis is indicated if TPO antibodies are above 35 1U/mi, and thyroglobulin
antibodies are above 110 U/ml. Ninety percent of patients with Hashimoto's will have elevated TPO antibody levels and eighty percent will have anti-
thyroglobulin antibodies

{(Elhomsy, 2014; Wentz, 2013). The auteimmune nature of Hashimoto’s thyroiditis makes its treatment more unique and individualization is required, Some
patients can be adequately managed onh desiccated thyroid extract, but others do better on Synthroid and Cytomel. This serves as a reminder to “treat the
patient not the lab” lodine is an important precursor in thyroid hormone production, and also stimulates the production of Thyroid peroxidase enzyme
{TPQ). In patients with Hashimoto's, iodine can be beneficial to some with halide {fluoride, bromide, and chloride} toxicity, however iodine can also increase
the production of TPO antibodies leading to further destruction of the thyroid gland. This phenomenon has been seen in a number of countries affer
adding iodine to their salt (Abraham, 2008; Mazziotti, 2003; Kharrazian, 2010} The majority of patients with Hashimoto’s have gluten intolerance and the
main protein in gluten is “gliadin” which has a lot of similarity to proteins in the thyreid. Therefore, a diet with gluten ofien exacerbates the symptoms of
Hashimoto’s thyroiditis (Starr, 2011}, In summary, patients with Hashimoto's need to have their triggers (gluten, stress, leaky gut) treated aggressively. They
need their depletions (low Fe, selenium, zinc) replaced.
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Individualize synthetics vs DTE based on how the patient’s symptoms resolve. Beware of too much lodine increasing auto-antibodies.

The most common cause of hyperthyroidism is Graves' disease, which is an autoimmune disorder that directs antibodies against thyroid stimulating hormone
{TSH) receptors which, ultimately, destroys them. In Graves’ disease, the TSH receptor is stimulated. In Hashimoto's disease the TSH receptor is blocked.
Interestingly, Graves' and Hashimoto's antibodies can coexist in the same patient and one can transform into ancther (Ohye , 2006; Lu et ai., 2005). Thyroid
stimulating immunoglobulfins (TSIs) are considered diagnostic for Graves' disease even though only about 80% of Graves’ patients have them. T5fs are
elevated in 5-10% of patients with Hashimoto's thyroiditis {(one reason Hashimoto's patients can hecome hyperthyroid sometimes). TPO antibodies are
a sign of thyroid tissus destruction and are found in about $0% of Hashimoto's patients and 75% of Graves’ patients. (Chardes, 2002; Saravanan, 2001).
A hyperthyroid state {Graves’) tends to suppress TSH levels and leads to excessive endogenous production of thyroid hormone which is linked to bone
loss (El Hadidy, 2011). However as noted previously, when TSH levels are suppressed through exogenous replacement of thyroid hormone there is very
little evidence that bone loss occurs. These studies show no increased bone loss in TSH suppressive therapy {Bauer, 1997; Reverter, 2005; Rosen, 1998;
Heijckmann, 2005; Van Den Eeden, 2003, Quan, 2002, Sheppard, 2002).

In conclusion, thyroid management is imperative to optimization of hormone status and quality of life in patients. Low thyroid symptoms are widespread and
not always accurately reflected in lab resuits, therefore, if the patient appears to be hypothyroid, treat them for their symptoms rather than focusing only
on the lab tests. The incidence of secondary hypothyroidism is significant, and identification and treatment of this disease state is extremely important to
actively managing patients’ health status. The treatment of choice for most hypothyroid patients is DTE (T4 and T3) rather than T4 alone as several patients
have issues converting T4 in the peripheral tissue. |dentification of Graves’ Disease and Hashimoto's Thyroiditis is extremely important as it greatly influences
the treatment plan. Untreated thyroid disease causes patients to remain in a substandard state of heafth and increases their risk factors. Practitioners should
take this into consideration when developing individualized treatment plans for their patients.
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