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LDN and Thyroid Disorders

• Autoimmune thyroiditis
• Hashimoto’s
• Antithyroglobulin
• Anti-TPO AB

• Grave’s disease
• Thyroid stimulating immunoglobulin
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LDN and Thyroid Disorders
•

Hashimoto’s generally described as TH1 dominant and
Grave’s as TH2

• Significant individual variation
• Can be either TH1 or TH2 dominant
• LDN can potentially be useful for both
Phenikos C, et al. Th1 and Th2 serum cytokine profiles
characterize patients with
Hashimoto's thyroiditis (Th1) and Graves' disease (Th2).
Neuroimmunomodulation. 2004;11(4):209-13.
Nanba, et al. Increases of the Th1/Th2 cell ratio in
severe Hashimoto's disease and in the proportion of
Th17 cells in intractable Graves' disease. Thyroid. 2009
May;19(5):495-501
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LDN and Thyroid Disorders
•

Hashimoto’s and Graves often associated with or initiated or driven by chronic
infections or gut dysbiosis. Also, modern diet plays a role with food allergies or
sensitivities (gluten) or driven by ingestion of trans- fatty acids and/or GMO.

• Different intestinal bacteria can stimulate differing Th1/TH2 responses
• Streptococcus thermophilus, lactobacillus bulgaris and B. bifidum, which are widely used in
the making of commercial yogurt, stimulate Th2

•

Toxic metals

• Hormones
• Estrogen, progesterone and cortisol generally decrease TH1/TH2 ratio (conflicting
data)
• Testosterone generally increase Th1/TH2 ratio
Marin ML, Tejada-Simon MV, Lee, JH. Stimulation of cytokine production in clonal
macrophage and T-cell models by Streptococcus thermophilus: comparison with
Bifidobacterium sp. and Lactobacillus bulgaricusJ Food Prot 1998 Jul;61(7):859-64
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LDN and Thyroid Disorders
•

Hashimoto’s and Graves often associated with or initiated or driven by chronic
infections or gut dysbiosis.

•

Modern diet plays a role with food allergies or sensitivities (gluten) or driven by
ingestion of trans- fatty acids and/or GMO.

•

Different intestinal bacteria can stimulate differing Th1/TH2 responses

• Streptococcus thermophilus, lactobacillus bulgaris and B. bifidum, which are widely used in
the making of commercial yogurt, stimulate Th2

•
•

Toxic metals
Hormones
• Estrogen, progesterone and cortisol generally decrease TH1/TH2 ratio (conflicting data)
• Testosterone generally increase Th1/TH2 ratio
Marin ML, Tejada-Simon MV, Lee, JH. Stimulation of cytokine production in clonal
macrophage and T-cell models by Streptococcus thermophilus: comparison with
Bifidobacterium sp. and Lactobacillus bulgaricusJ Food Prot 1998 Jul;61(7):859-64
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Thyroid Physiology
(without physiologic stress)
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What are the required steps for cellular thyroid activity?

•
•
•
•
•
•
•

Hypothalamic/pituitary function
Secretion of TSH
Thyroid function (secretion of T4)
Conversion of T4 to T3
Thyroid hormone transport into cell
Receptor binding
Downstream activation
(post receptor activation)

• Are the abnormalities/dysfunctions present
common or uncommon?
7
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What are the required steps for cellular thyroid activity?

•
•
•
•
•
•
•

Hypothalamic/pituitary function common
common
Secretion of TSH
Thyroid function (secretion of T4) not common
Conversion of T4 to T3 common
Thyroid hormone transport into cell common
Receptor binding common
Downstream activation
(post receptor activation) Unknown

• Are the abnormalities/dysfunctions present
common or uncommon?
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Diagnosis of Low Thyroid
• Standard (traditional) way to diagnose low
thyroid is based on an elevation of TSH above
4.25.7 (depending on lab results).
• This method misses over 80% of people with
low thyroid.
• The patient can complain of numerous
symptoms of low thyroid but 90% of doctors
will not treat with thyroid because they focus
on a normal TSH.
9

Chronic Non-thyroidal Illness
•

Studies show that with any inflammation (immune dysfunction) there is a decrease in TSH
and T3 and an increase in RT3 due to a suppression and downregulation of D1 and an
activation of D2 and D3 (T4 usually slightly increases).

•

The more severe the inflammation or immune dysfunction, the more severe the
suppression.

•

Chronic non-thyroidal illness (decreased tissue T3 levels) occur with response to physiologic
and emotional stress;11-22 depression;23-45 dieting; 46-51 weight gain and leptin resistance;47-91
insulin resistance, obesity, and diabetes;91-99 inflammation from autoimmune disease or
systemic illness;11,100,102-115 chronic fatigue syndrome and fibromyalgia;121-125 chronic pain;116120 and exposure to toxins and plastics.126-134

•

In the presences of such conditions there are reduced tissue levels of active thyroid in all
tissues except the pituitary.

•

LDN could potentially improved the abnormal inflammation and immune dysfunction seen
with the above conditions, and thus, improve the reduced tissue T3 levels seen with the
above conditions
References: Understanding Local Control of Thyroid
Hormones: (Deiodinases Function and Activity)
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Why the TSH is Unreliable?
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Accuracy of TSH in Fibromyalgia
• TRH testing of FM patients.
• Found that all of the patients with fibromyalgia were hypothyroid
despite the fact that standard thyroid function tests, including
TSH, T4 and T3, were in the normal range.
• They found that these patients tended to have low normal TSH
levels that averaged 0.86 vs 1.42 in normals with high normal free
T4 and low normal T3 levels so doctors erroneously feel these
patients are on the high side of normal because of the low normal
TSH and high normal T4.

Neeck G, Riedel W. Thyroid function in patients with
fibromyalgia syndrome. J Rheum 1992;19(7):1120-1122
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Accuracy of TSH in Fibromyalgia Patients
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Accuracy of TSH in Chronic Fatigue
• A study published in The Lancet performed thyroid biopsies in patients
with chronic fatigue and found that 40% of these patients had
lymphocytic thyroiditis.
• Only 40% of those with lymphocytic thyroiditis were positive for TPO or
antithyroglobulin antibodies or had an abnormal TSH.
• Thus, the thyroid dysfunction would have gone undetected in the
majority of patients if the biopsy had not been done.
• This study also demonstrated that because the TSH is a poor indicator of
thyroid function, it also does not predict whose symptoms will respond
to thyroid replacement.
• The authors state, “After treatment with thyroxine, clinical response was
favorable, irrespective of baseline TSH concentration.”
Wikland B. Fine needle aspiration cytology of the
thyroid in chronic fatigue. Lancet 2001:357:956-57.
Wikland B, et al. Subchemical hypothyroidism. Lancet
2003;361:1305.
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Accuracy of TSH with PMS
•

A study published in the New England Journal of Medicine investigated the
incidence of hypothyroidism in women with PMS using TRH testing.

•

It was found that 94% of patients with PMS had thyroid dysfunction (tissue
hypothyroidism) compared to 0% of the asymptomatic patients.

•

65% of the hypothyroid patients had thyroid tests in “normal” range and
could only be diagnosed by TRH testing (missed by the usual thyroid
function tests).

•

Gold et al found that all PMS patients had a significant improvement in
symptoms with thyroid treatment even though the standard blood tests
were “normal.”

Gold MS, et al. Hypothyroidism and PMS. JAMA
1981;245(19):1919-1922.
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Accuracy of TSH with PMS
• A study published in the American Journal of
Psychiatry also investigated thyroid function in
women with PMS with the use of TRH testing.
• The study found 70% of women with PMS had
abnormal TRH testing, showing thyroid
dysfunction despite having normal TSH levels.

Roy-Byrne PP, et al. TSH and prolactin responses to TRH
in patients with premenstrual syndrome. Am J
Psychiatry 1987;144(4):480-484.
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Accuracy of TSH with Obesity
• A study in the Journal of Endocrinology and
Metabolism examined the accuracy of using the
TSH to identify hypothyroidism in obese
individuals via TRH testing.113

• The study found that although the TSH levels
were not significantly different between normal
weight and obese individuals…
• 36% of obese patients had severe thyroid
dysfunction not detected by standard TSH testing.
Donders S H. Disparity of thyrotropin (TSH) and TSHreleasing hormone in obesity. JCEM 1985;61(1):56-9.
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Accuracy of TSH with Obesity

Ford MJ, et al. TSH response to TRH in substantial obesity. Int J
Obesity 1980;4:121-125.
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Thyroid levels with insulin resistance and diabetes

• Insulin resistance, diabetes and metabolic
syndrome are associated with a significant
inflammation and immune dysfunction and
resultant reduction in T4 to T3 conversion, an
intracellular deficiency of T3, and an increased
conversion of T4 to reverse T3.91,100,92,94,147,184193,235

• Additionally, the elevated insulin will increase
D2 activity and suppress TSH levels. 91-99,233
References: Diagnosis of hypothyroidism:
Are we getting what we want from TSH testing?
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Thyroid levels with insulin resistance and diabetes

• Diabetic individuals have a 42% reduction in
T4 to T3 to T3 conversion.

Pittman CS, et al. Abnormalities of thyroid hormone
turnover in patients with diabetes mellitus before and
after insulin therapy. JCEM 1979;48(5):854-60.
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Thyroid levels with insulin resistance and diabetes
• Investigation of T4 to T3 conversion in 50 diabetic patients compared
to 50 non-diabetic controls. There was no difference in TSH and free T4
levels, but significantly decrease free T3 levels (p = 0.0001) that
averaged 46% less than controls.
• The FT3/FT4 ratio was 50% less in diabetic patients versus controls.
The TSH failed to elevate despite the fact that serum T3 was
approximately half of normal.
• Saunders J, et al also found that diabetics had approximately a 50%
reduction in T3 levels and significantly increased reverse T3 levels and
decreased T3/reverse T3 ratios.

• Islam S, et al. A comparative study of thyroid hormone levels in diabetic and
non-diabetic patients. SE Asian J Trop Med Public Health 2008;39(5):913-916.
• Saunders J. et al. Thyroid hormones in insulin requiring diabetes before and
after treatment. Diabetologia 1978;15:29-32.
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Thyroid and leptin
• Leptin is a major regulator of body weight and
metabolism

• Leptin promotes TH1 cell differentiation and cytokine
production
• Leptin resistance, and associated decreased TH1/TH2
ratio, is shown to suppress D1 and stimulate D2,
resulting in reduced cellular T3 but a reduction in
serum TSH.47,84-89

Matarese G, Moschos S, Mantzoros CS. Leptin in
Immunology. J of Immunology

24

Thyroid and leptin

Matarese G, Moschos S, Mantzoros CS. Leptin in
Immunology. J of Immunology 2005;174(6):3137-3142
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Diagnosis
(leptin)
• The metabolic effects of leptin resistance include a diminished TSH
secretion, a suppressed T4 to T3 conversion, an increase in reverse T3, an
increase in appetite, an increase in insulin resistance and an inhibition of
lipolysis (fat breakdown).1-29,31
•

These effects of leptin resistance on thyroid hormones contribute to the
drop in TSH and T3 levels that occur with dieting and results in decreased
tissue thyroid action and a depressed metabolic rate that inhibits weight
loss and promotes weight gain.1,6,10,14,18-23,29,30-37

• LDN can improve leptin resistance
•

TSH is not reliable if leptin level is above 12

• LDN should be considered in patients with elevated leptin levels above 12

References: Endocrinological Assessment and
Treatment of Weight Gain & Obesity
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Reverse T3 and leptin

• Physiologic reversal of leptin resistance restored
deiodinase activity except in the presence of
elevated reverse T3.86

Cettour-Rose P, et al. Central stimulatory effect of leptin on T3
production is mediated by brown adipose tissue type II deiodinase.
Am J Physiology Endocrinol Metab 2002;283(5):E980-7
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Thyroid Hormone Transport

• In order to have biological activity, the T4 and T3
must, however, cross the cellular membrane from
the serum into the target cells.
• This “free hormone” or “diffusion hypothesis”
was formulated in 1960 and assumes the
concentration of free hormones (free T4 and free
T3) in the serum determines the rate and extent
of uptake into the cell and thus intracellular
thyroid hormone concentration.
References: Thyroid Hormone Transport
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Thyroid Hormone Transport

• That hypothesis has been shown to be totally
incorrect.1-67

References: Thyroid Hormone Transport
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Thyroid Hormone Transport

• Because thyroid cellular transport is energy
dependent, any condition associated with a
reduced production of the cellular energy
(mitochondrial dysfunction) will also be
associated with reduced transport of thyroid into
the cell, resulting in cellular hypothyroidism
despite having standard blood tests in the
“normal” range.

References: Thyroid Hormone Transport
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Thyroid Hormone Transport
• Conditions associated with reduced mitochondrial function,
inflammation or immune dysfunction are associated with impaired
thyroid transport

• Conditions include insulin resistance, diabetes and
obesity;68,69,71,70,73,74,75,76,106 diabetes;69,73,74,75,76 neurodegenerative
diseases;73,83,84,85,86,87) aging;73,74,88-100 chronic fatigue syndrome;
73,101,102 fibromyalgia; 73,103,104 migraines; 73 chronic infections; 73
cardiovascular disease; 73,99,104,105,108 and nflammation and chronic
illness; 73,109,110,111
• Thus, standard blood tests can be very unreliable if any of these
commonly occurring conditions are present and therapies that
reduce inflammation (such as LDN) would be expected to improve
dysfunctional thyroid transport.1-107
References: Thyroid Hormone Transport
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Thyroid Hormone Transport

• Specific and separate transporters for T4 and T3.
• The transporter for T4 is much more energy
dependent than the transporter for
T35,40,41,49,52,53,66 (see Figure 1).
• Even slight reductions in cellular energy
(mitochondrial function) results in dramatic
declines in the uptake of T4 while the uptake of
T3 is much less affected.5,41,62,67

• Pituitary has completely different transporters
that are not energy dependent.
References: Thyroid Hormone Transport
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Thyroid Hormone Transport
(pituitary)
• The pituitary is different than every cell in the body
1,17,43,50,52,55,59,60,61

– Different deiodinases.
– Different high affinity thyroid receptors.

– Different thyroid transporters that are not energy dependent.

• Pituitary will maintain or increase the uptake of T4 and T3
in low energy states, whereas the rest of the body will
have significantly reduced transport of T4 and T3 causing
intracellular hypothyroidism.1,17,22,43,50,52,55,59,60,61

References: Thyroid Hormone Transport
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Thyroid Hormone Transport
(pituitary)
• Thyroid transport into the pituitary was increased
when the rest of cells have a decreased transport.
• The TSH decreased even when serum levels were
decreased by 50% due to increased pituitary thyroid
transport.

St Germain DL, Galton VA. Comparative study
of pituitary-thyroid hormone economy in
fasting and hypothyroid rats. J Clin Invest
1985;75(2):679–688.
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Thyroid Hormone Transport
(pituitary)

Pituitary shown to have different
transporters than peripheral tissues
(liver tested in this study)

St Germain DL, Galton VA. Comparative study of
pituitary-thyroid hormone economy in fasting and
hypothyroid rats. J Clin Invest 1985;75(2):679–688.
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Thyroid Hormone Transport
(pituitary)

“These observations lend further support to the view
that thyroid hormone transport into the pituitary is
regulated differently than that in the liver.” 50

Wassen FWJS, et al. Thyroid hormone uptake
in cultured rat anterior pituitary cells: effects
of energy status and bilirubin.
J Endocrinol 2000;165:599-606
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Reverse T3
(blocks cellular uptake of T4 and T3)

Reverse T3 blocked
cellular uptake of T3
by 34% and T4 by 23%.
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Thyroid Hormone Transport

• When cell cultures are incubated with the
serum from physiologically stressed or dieting
individuals; there is shown to be a dramatic
reduction of the uptake of T4 by the cells that
correlates with the degree of stress (immune
dysfunction).41,42,50

References: Thyroid Hormone Transport
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Thyroid Hormone Transport
(stress)
• Serum from non-stressed individuals had no effect
on T4 cellular uptake, whereas those with significant
physiologic stress had up to a 44% reduction in T4
uptake into the cell.
• It was shown that the free T3/reverse T3 ratio was
the most accurate marker for reduced cellular uptake
of T4.

Vos RA et al. Impaired thyroxine and 3,5,3'-triiodothyronine handling by
rat hepatocytes in the presence of serum of patients with nonthyroidal
illness. J Clin Endocrinol Metab 1995;80:2364-2370.
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Thyroid Hormone Transport
(reverse T3)
• How do you tell if you have reduced thyroid
transport?
– Remember symptoms number one key-(labs support)!
– RT3—The transporter for reverse T3 (rT3) has the same
pharmacodynamics and kinetics as the T4.6,41,45,62,66,67
– Main reason that rT3 goes up with stress, etc. is reduced
transport.
– This property makes it the most useful indicator of
diminished transport of T4 into the cell (signs and
symptoms).45
References: Thyroid Hormone Transport
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Thyroid Resistance
• General term-Thyroid in blood has less effect.

• Can be secondary to reduced T4 to T3 conversion,
reduced transport, receptor blockage (toxin, genetics
or infection) or reduced translation.
• Clinical diagnosis-No blood tests will detect
resistance, but can give clues.

• Can overcome the resistance with increasing levels of
T3 or can remove resistance by reducing immune
dysfunction/inflammation with LDN or treating
underlying cause of the immune
dysfunction/inflammation
42

Thyroid Resistance

Immune activation in CFS
suppresses activation of
thyroid receptor
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Thyroid Resistance

A wide-range of chronic illnesses, including FM
and CFS, are associated with chronic infections
causing immune activation of coagulation
resulting in an acquired thyroid resistance.
Treatment with heparin,, LDN and
“superphysiologic” doses of T3 can be effective in
reducing thyroid resistance
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CFS/FM
• Almost all CFS/FM are low thyroid.
• Combination of secondary/tertiary/reduced
T4 to T3 conversion/increased rT3/reduced
thyroid transport and thyroid hormone
resistance.
• LDN potentially beneficial in CFS/FM through
increased tissue T3 levels
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Diagnosis
(SHBG)
SHBG can be used as a measure of tissue
thyroid levels.
In young women, average SHBG was 24 in
hypo, 43 in euthyroid and 153 in
hyperthyroid patients.

In older women SHBG averaged 37 in hypo,
69 in euthyroid and 115 in hyperthyroid
patients.
In younger men, SHBG averaged 15 in hypo,
27 in euthyroid and 107 in hyperthyroid
patients.
In older men, SHBG averaged 42 in hypo, 54
in euthyroid and 83 in hyperthyroid
patients.
Can also be helpful for follow-up as a
marker and support for adequate
replacement.
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Diagnosis
(SHBG)

SHBG will increase with the use of
LDN or the administration of T3 or
with in normal individuals but not
in those with thyroid resistance
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• LDN can be effective for autoimmune
thyroiditis.

Conclusions
(LDN & thyroid):

• LDN can potentially improve tissue thyroid
levels in conditions associated with immune
dysfunction and inflammation by improving
thyroid resistance (due to reduced T4 to T3
conversion, impaired thyroid transport and
leptin resistance).
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