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= OBJECTIVES
» Describe normal thyroid function and the

HPAT axis

« Review inhibitors and promoters of normal
thyroid function

« Explain specific subjective and objective
signs, symptoms and physical exam findings

* Review several thyroid conditions and
approaches to freat them










Insulin

3

HPA Axis/ Adrenal

Sex Steroids




WHAT IS NORMAL
THYROID FUNCTION?
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Thyroxine (T4)
(3,9,3",5 tetraiodo-L-thyronine)

* Derived entirely from the thyroid gland
* |s a pro-hormone




T3 (3,5,3’ triiodo-L-thyronine)

| | H
Ho©o©cm- (:: - CO,H
; NH,
* |s the biologically active thyroid hormone

1% of plasma T3 comes from thyroidal
597 cretion

1% comes from T4 5’-deiodination in
959, rripheral organs
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Thyroid Hormones
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Thyroid hormone physiology. Circulating thyroid hormone concentrations are regulated via a negative feedback

system at the level of the hypothalamus and the pituitary. The production of thyroid hormone by the thyroid is

regulated by thyroid-stimulating hormone (TSH) produced by the anterior pituitary, which itself is regulated by
thyrotropin-releasing hormone (TRH) produced by the hypothalamus. Thyroid hormone circulates as the inactive

prohormone thyroxine (T4) and as the active hormone triiodothyronine (T3). Thyroid hormone can only enter target

cells by virtue of specific transporters (MCT8, MCT10 and Oatpic1). In target cells, thyroid hormone can be "

activated (T4 to T3) or inactivated (T4 to rT3 or T3 to T2) depending on the local activity of specific deiodinases «
(D1, D2 and D3). Subsequently, active T3 can bind to the nuclear thyroid hormone receptors (TR-alpha and TR- ' '
beta) and induce transcription. X 2
https://www.researchgate.net/figure/Thyroid-hormone-physiology-Circulating-thyroid- ‘
hormone-concentrations-are-regulated-via_fig1_271592550
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Wha’r Effects -
Thyroid Function?
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"“What Effects
Thyroid Function: Production

of Thyroid Hormones

Pituitary

4

eNutrients: TherId Gland

Iron, iodine,

tyrosine, zinc, /

selenium
vitamin E, B2,
B3, B6,C, D




 — e

TRH (hypothalamus) => TSH (pituitary) => T4 (thyroid) => T3 (peripheral conversion) => targ:ﬂat\i

physiology
Circadian
Acut: rhythm Severe
psyc os|s + l / el
Cold .L‘
+ B TRH
Corticosteroids
_Dopammﬂ
I T3
f (Peripheral tissue
metabolism of
+ s+ g
Low lodide =——p
High lodide ——# (~80% T,: 20% T,)
“*Wollf-Chaikoff effect”
Thyroid hormone signaling pathway (source) -

hitps://www.stepwards.com/¢page_id=2473



hyroid Function:
Inhibitors of Thyroid
Hormone Production:

Pituitary

4

Thyroid Gland /

Cell Nucleus

e Stress

eInfection, trauma,
radiation, medications

e Fluoride (antagonist to

. iodine)

e Toxins: pesticides, Hg, Cd,
Pb

e Autoimmune disease:
celiac

eSelenium deficiency

e Cadmium, mercury, or
lead toxicity

e Starvation

e Low protein intake

*High CBO diet

*Elevated cortisol

e Chronic iliness

e Decreased kidney or liver
function




FACTORS PROMOTING
CONVERSION OFT,TO T,

* Micro-nutrients

« Selenium, potassium, iodine, iron, zinC
 Vitamins

* A, E, riboflavin

« Hormones
» Cortisol (physiologic doses)
« Growth hormone, testosterone
* Insulin, glucagon, melatonin




i

Th);roid Function:
Factors increasing
conversion of T4 o T3

Pituitary
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eSelenium
e/iNncC
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Thyroid Function:

actors Decreasing conversion of T4 to T3

Pituitary

Stress

Trauma

Low-calorie diet

Inflammation
(cytokines, etfc.)

ToxiNs

Infections

Liver/kidney
dysfunction

Rx medications

g

Thyroid Gland

Cell Nucleus




mdications
Decreasing T4-T3 Conversion

 Beta blockers
Propranolol
Birth conftrol pills
Estrogen

* Lithium
Phenytoin
Theophylline

« Chemotherapy

Propranolol and thyroid hormone metabolism, Thyroid. Summer
1991:1(3):273-7. doi: 10.1089




= PERIPHERAL

REGULATION

* T4 is converted to T3 In the liver or kidney

13 binds to nuclear receptors, up regulating
metabolism

» 95% of all circulating T3 is of peripheral
origin (liver or kidney)




Thyroid Hormones: Factors

Improving cellular sensitivity to thyroid hormones

Pituitary

g

e\/itamin A, B2, Thyroid Gland

B6, B12
eExercise

eZinc

e|lodine

elron

eSelenuim \ N N

Cell Nucleus




DISRUPTORS OF
THYROID FUNCTION

« Food allergy, intolerance or  * Physical trauma

sensitivity  Autoimmune diseases
* Infections (i.e. occult)  Nuftritional insufficiencies
« Exogenous toxins « Nutrient Excesses (Fl, Fe)
« EDC's, heavy metals, etc. « Traumatic emotional
events

« Chronic sleep deprivation

* Inflammatory diseases Aging . . .
« Changes in gut microbiota

* Altered biotransformation

« Mitochondrial Dysfunction
« Hormone Imbalance . Single Nucleofide

« Acute physical stress Polymorphisms (SNP’s)
« Diet: T CBO/| protein

« Oxidative Stress
 Pharmaceutical Drugs

Filomena Trindade, MD, MPH copyright, 2012






TOXINS AND THE THYROID
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| == 5 DEIODINASE |
INHIBITORS

» Excess cortisol, catecholamines

« Selenium deficiency

» Deficient protein, excess sugar diet

» Chronic iliness (cytokines, free radicals)
« Compromised liver or kidney function
 Heavy Metal (Cd, Hg, Pb) toxicity

» Herbicides, pesticides

* Endocrine Disruptors

» Polycyclic aromatic hydrocarbons

» Oral contraceptives, other drugs

« Excess estrogen/estrogen dominance
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TOXINS CAN BE A PRIMARY TRIGGER

At least 150 industrial chemicals have been shown
to result in the reduction in TSH and/or T4.

Howdeshell KL. (2002). A model of the development of the brain as a

construct of the thyroid system. Environ Health Perspect, Jun;110 Suppl 3:337-
AR
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HOW DO TOXINS AND
ENDOCRINE DISRUPTORS
EFFECTS THYROID FUNCTION?




HAT ARE ENDOCRINE
DISRUPTORS?
« Endocrine disruptor is an exogenous substance or
mixture that alters function(s) of the endocrine system

and consequently causes adverse health effects in an
iINntact organism, or its progeny, or (sub) populations.

A gotenﬁal endocrine disruptor is an exogenous
supstance or mixture that possesses properties that
might be expected 1o lead to endocrine disruption in
aninfact organism, or its progeny, or (sub)
populations.

* In February 2013, UNEP and WHO released the report
State of the Science of Endocrine Disrupting. .
Chemicals - 2012 which identifies concerns, including
evidence in humans, laboratory animals, and wildlife
that exposure to endocrine-disrupting chemicals can
result in adverse effects and highlightfed that an
important focus should be on reducing exposure.‘,‘q
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https://www.unenvironment.org/pt-br/node/1190
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Table 1. Mechanisms and Effects of Thyreid Disruptors

Thyroid Disruptors Mechanism Effect
Perchlorates, thiocyanate, nitrate, Blocking uptake of iodide into Decreased synthesis of T3 and T4
bromates, phthalates thyroid cell
Methimazole, amitrole, soy Blocking production of TPO in Decreased synthesis of T3 and T4
isoflavones, benzophenone 2 thyroid follicles
"tﬂchlomphenul, flame Competitive binding to thyroid Possible effect on fetal brain T4
grardants, phthalates transport protein (TTR) production
Dioxin, PBDE, chlordane Altering transport across cell Increased biliary elimination of T3
membrane and T4
Acetochlor {herbi-:id Enhanced hepatic metabolism Increased biliary metabolism of T3
and T4
@ iclosan, pentachlorophe- Inhibition of sulfation Decreased sulfation of thyroid
nol, dioxin, difuran hormones leading to possible
decrease of peripheral T3 synthesis
FD&C red dye # @ ctyl- Inhibition of deiodinase activity Decreased peripheral T3 synthesis
methoxycinnamate
isphenol A. hexachloroben- Altering binding to thyroid receptor  Altered thyroid hormone directed
spaeflame retardants gene transcription
DDT. Inhibiting TSH receptor Decreased production of T3 and T4
Alternative Medicine Review Volume 14, Number 4 2009 'J
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Thyroid Disrupting Chemaicals
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Abstract: Fndocrine d'ump-tor g'mp-:)um:ls are exogenous agents able to interfere with a gland function,
exerting their action across different functional passages, from the synthesis to the metabolism and
binding to receptors of the hormone produced. Several issues, such as different levels and time of
exposure and different action across different ages as well as gender, make the study of endocrine
disruptors still a challenge. The thyroid is very sensitive to the action of disruptors, and considering
the importance of a correct thyroid function for physical and cognitive functioning, addressing this
topic should be considered a priority. In this review, we examined the most recent studies, many of
them concentrating on maternal and child exposure, conducted to assess the impact of industrial
chemicals which showed an influence on thyroid function. So far, the number of studies conducted
on that topic is not sufficient to provide solid conclusions and lead to homogeneous guidelines.
The lack of uniformity is certainly due to differences in arcas and populations examined, the different
conditions of exposures and the remarkable inter-subject variability. Nonetheless, the European

"The thyroid is very sensitive to fo the action of
disruptors, and considering the importance of a
correct thyroid function for physical and cognitive
functioning, addressing this topic should be
considered a priority.”

In tact. a :-ubu-chni scien bilic statement rom the Endocrnne b-c-ncl}' dehned the ELX_ as “an CROFRCNOous

chemical, or mixture of chemicals, that interferes with any aspect of hormone action™ [2]. Mixtures in

particular constitute a complex problem; in the late 70s, the production of Polychlorinated Biphenyls ‘

(PCB) in the US was banned by the Congress, because commeercial mixture of PCB showed a dioxine-like ’ “
effect [2]. The studies conducted on the matter are mainly concentrated to the exposition to single

compounds, or more compounds but separately analyred, even if the environmental exposure is '

Imr. J. Mol S 2007, 18, 2583 dot: 103390/ fjrmal A1 22583 wiwwimd picomn / powamrmnal Sipns .




Frontiers in Endocrine Disruption: Impacts of
Organotin on the Hypothalamus-Pituitary-Thyroid
Axis

Ana Paula Santos-Silva 1 , Marcelle Novaes Andrade d , Paula Pereira-
Rodrigues 3 Francisca Diana Paiva-Melo 3 Paula Soares 4 Jones

Bernardes Gracel S Glaecir Roseni Mundstock Dias | . Andrea Claudia

Freitas Ferreira 6 Uenise Pires de Carvalho 1 Leandro Miranda-Alves 7

Affiliations <= expand

PMID: 28774778 DOI: 10.1016/).mce.2017.07.038

Abstract

Endocrine disruptors (EDs), chemical substances widely used in industry and

Endocrine disruptors(EDs) are able to interfere with
the synthesis, release, transport, metabolism,
receptor binding, action or eliminatin of
endogenous hormones. EDs bind thyroid hormone

recepfiors.

BRIy NIVnieuaiasis, s Wusial e viarn UiE Bligwia Wi Tei v uile
hypothalamus-pituitary-thyroid axis. Therefore, we review herein the main
effects of TBT on important metabolic pathways, with emphasis on disruption
of the thyroid axis that could contribute to the development of endocrine and
metabolic disorders, such as insulin resistance and obesity.




Contents Hits avallable at Saenoe{Roec

a1 Environmental Research
_f:n_;‘ﬁ‘.L
journal Rromeapage: wew elsevier com/locaia/andres i

Association between mixture of persistent organic pollutants and thyroid
pathologies in a Belgian population

Patrice Dufour™, Catherine Pirard™", Patrick Petrossians’, Albert Beckers®, Corinne Charlier™"

* Lubyruiery of Clical Fermsic and Ensirasgmenn Taskolagy. sty of Linge (Ugl OO (HAR), 000, Liage. Balgtiom
! Crmer o hverdisciplinary Rimearch. an inflctme (01 EM | Ussteenety of Doge (081, (MU (B, #9000, Logr, Rrigtum
Digparenent of Endacrmedngy, Dsbeariliy of Lings (U] CORU (B G050, #0008 Lings, Relgiim

ARTICLEINKFO ARSETREACT

£ rpured Previoas years, e incldenes o autolmmans Fyrold disesses had inctonead worldeides Tha presends of mamy
My tdyridiam podiwtants in the eavironmend suspected 1o be thyroid danopton may have contrinsed (o the oheerved inonrase
Vhypnithy revadpes

Uefortuinately, (he pesnlts (ram spldemiokigeal snalles aiseving e arsocketbon bitwees pallurtan end |Hysold
Eaidui Hiie diiFapiar

PFermeieni cegmeas polluianes

Misure eflact

ivotders pemain incofdstem, maybe due 1o 8 pearly complete ngiet of the mitiate offec). The Sood level of
12 bromsinsted fame retardant, 1 polychlorinsted biphenyl, 16 organochiorine pencides. 7 perflosroaliyd
vulwiances sl 16 phnolic organohslopens were mensared in 35 bypodboyrobd amd 44 byperibyreid solunisens
and i 160 ndnviduals from the general population desigoed @ controly. Wieaghied quamitile wum (WOE) e
Erombonn wity performed Lo compute indoke pepresenting the misture of POP, and we aieersed e relatiom
with thyrold disenders Nineteen polliatents were detected in mose Than 4% of the mdividiseli snsd were s

“The incidence of autoimmune thyroid
diseases has increased worldwide. The
presence of many pollutants in the
environment suspected 1o be thyroid
disruptors may have conftributed to the
observed increase.”
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THYROID DISRUPTORS:
HEAVY METALS
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Overview of Cadmium Thyroid Disrupting Effects
and Mechanisms
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Abstract: Humans are exposed Io a significant number of chemicals that are suspected to produce
disturbances in hormone homeostasis. Henee, in recent decades, there has been a growing interest in
endocrine disruptive chemicals. One of the alleged thyroid disrupting substances is cadmium (Cd),
a ubiquitous toxic metal shown to act as a thyroid disruptor and carcinogen in both animals and
humans. Multiple PubMed searches with core keywords were performed to identify and evaluate
appropriale studies which revealed literature suggesting evidence for the link between exposune
to Cd and histological and metabolic changes in the thyroid gland. Furthermore, Cd influence on
thyroid homeostasis at the peripheral level has also been hypothesized. Both in vivo and in vitro
studies revealed that a Cd exposure at environmentally relevant concentrations results in biphasic
Cd dose-thyroid response relationships. Development of thyroid tumors following exposure to
Cd has been studied mainly using in vitro methodologies. In the thyroid, Cd has been shown to
activate or stimulate the activity of various factors, leading to increased cell proliferation and a

“In the thyroid, Cd has been shown to activate or
stimulate the activity of various factors, leading to
Increased cell proliferation and a reduction in

normal apoptofic activity.”

‘The thyroid system plays a pivotal role in the body homeostasis and functioning of the nervous,
cardiovascular and reproductive systems, and of body growth control [4-5]: hence, putative thyroid
disruptors can cause significant impairments in living organisms. Thyroid function is contralled by the
hypothalamic-pituitary-thyroid axis, with the mediation of Thyrotropin-Releasing Hormone (TRH),
Thyroid-Stimulating Hormone (TSH), thyroxing (T4), and triiodothyronine (T3). These hormones are
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Sex-specific effects of blood cadmium on thyroid hormones and thyroid i
function status: Korean nationwide cross-sectional study e

Seung Min Chung, Jun Sung Moon’, Ji Sung Yoon, Kyu Chang Won®, Hyoung Woo Lee
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ALTICLEINFO ABSTRACT

Wyt Proviods studien on blood cadmiiam (BCd) aivd changes in Byroid hormone beveli are controversial We in-
waduiduan westigated whether thyroid bormone levels snd thyrodd funciicn stass were ssmciated with BCd acconding o
Fndadrine disfogting cletimicals s i the Koroan population. O stusdy included 1973 participants bhased on the 3013 Kores Nattonal Health
Hewey maml annd MWotrithm Examination Sorvey (KSHANES) data. Partiopants whose thyrold-stimulating hermone (TSH) snd
"t:’::"":'“ free shymomsne (FT4) levels were shered phymobogically or medically were exchuded. Changes in TSH, T4, mnd

anti-teayveld perovidese antibady (TPOAL) in men and women were analyped by Affervml characterinion age
body maw index [BMI), pmeking wiaesn, drinking ssius, BC4, and urne jodine-to-creatinine rata (ULCre)
Thoyrodd fumethon stats was clasifed s hypothiyroddbon, euthyroidiom, and hyperthycosdion s defined by TSH
arald T4 levels Ameng the total participants, there wai a negative cotrelation betvween BOA and T4 (5= -0.087
p = 0003). In men (n = 1057], T4 leveln decreared with mcreming BOd quarttle (p-for-trend = 00020, Afyer
ailjuilpvand Pow age, BADL pmadking ctutios, UL Cre, amd TPOAS, the mmiaciatlon between BCd arsd lypethyroddiom
was wignificant in men [odds rade = | K11, p = LOXY) bot pot in women, These results sugpest thei cadmnem
accammulstion b closely sociated with troid dysfunction, snd thers b8 & difference n methbalic Capacity
aceariing e WL

“These results suggest that cadmium accumulation
Is closely associated with thyroid dysfunction, and
there is a difference in metabolic capacity
according to sex.”

Abbwevianions. BCA, Moo cadmiiem; BSITL, boxly many iden. EDC. endocrine-sdismapting chemdeal, fTY, free TI (T4, froe thyrouine, KNHANES, Korea Nuthonal Headth
wod Poatrition Evemsinatbon Survey; O, odds ratko; 50, standand devistion, T3, trissdothyronine; T4, thyroxine; T thyroglobulin: TGAN, thyroglobulis sntibody
TPOAS, amti-thyrold peroxidane aaribody; TSH, thyrosd-stimulating bormens, UCA, wrine cadmiuen; UL/ Cre, erine iodine qo-crentinine ratio; US, United Sraees
* Corresponsding suibors st Divitkon of Endocrirology snd Meinbaljam, Depssrizent of Iniermal Madicine, Yeungnam University College of Madicine, Hyunebung-ro
170, Mam gu, Daegu, Repablic of Keeen
Fmal addrewes iimetung s e by (5.5 Chung), ous ™0 28 yu s ke U5 Sooa), jrysonifyen ue by (L5 Yoon), bewonmed o e IEC Won), ’ ‘
] kr (MW, Lac)
I bod i 10 10187 el 301902003
Received 12 December 200 K, Recetved in revised farm 8 February 2009, Accepied 1] Felvuary 2009
OMA-ATIE © 2019 Elsrvier Gl ALl rights reverved k
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Lead and cadmium exposure, higher thyroid antibodies and thyroid @WM
dysfunction in Chinese women™

Xiaomin Nie ', Yi Chen ', Yingchao Chen ', Chi Chen, Bing Han, Qin Li, Chunfang Zhu,

Fangzhen Xia, Hualing Zhai, Ningjian Wang ", Yingli Lu’

Imatititr and Irparteniad af ladocnmalogy anid Mrtaboliesy thanphad: Nineh Froplc's Moigetal Phenghc josleny Letvoresy Sthinal of Medicine, Shaagpha
Charui

ARTICLE INFO

ABSTRACT

Article s tary

Resetved 26 Decrmber 2016
Regwiwwd i pewisard Foren

10 jane 3017

Acoegied |6 June 2017

Background. Expasure to lead{Ph) or cadmivm{Cd) has been related to decreasing thyraxine in manmy
previowi sludiel. The wndertying mechanismi have not been darified. Heavy metal-induced thyrosd
autoimmunity in pregnant women has been found. despite having been rarely explored in the general
populstion.

OBjectives: We dimed to determine whether the blood leveld of lead{BM) of cadmium{BCd) ielated 1o
the levels of sera antibodies to thyroid proteins and thyrosd dysfunaion in the general popalanon
Mrthody: Dur study included 5618 Chinese adubls and was based on the 2014 SPECT-China study

:'::"n“w‘ Thyroid dysfunciion and subchinical thyroid dysfunction wiere defined by total msodothyronine [TT3)
Cadrmium tots! thyronlne(TTA) and thyrosd stimadationg bodmoee [TSH] Thytold peroxidase antibedy (TPOAL]
veua thurebaalin antibiodies MEARY TTT TTd and TOH were meescsted b i s e it 5.

"In women, BPbb and BCd levels were
related to higher TSH and hypothyroid
status, respectively, suggesting a Pb and Cd
Induction of sex-biased thyroid
autoimmunity.”

Pestiian, Shamghus Minth People s Hinpeal Duanghu Juolong Uiheriily Schasd of SUTEE LT NSRS LTS Dl L DEAMC | IVILLICUIE R IR, S L, I

Bedicme Shanghay 200015 Chana
= Cormesponding autihos, Imstifuir snd Departmeest of Erdecrnedogy and Mra
Do, Shangha Minth Peopde s Mospatsl, Shanghsl BaiTong Univeryity Schosd of
Medicne, Shunghas 200011 Cluna
ol iy ARl ) 10 comn [N, Whaag ), biy g F00RS 135 om (Y Lu]
! Niseminitae. Vi Chen Yingrheolhenhave coninbuted squally to thes work

x ek g B DN evmeprd 2017 0¥

I].ﬂ.-:‘l el e 2017 Baevier Lid Al sgchils reseryed

et al, 2016) and rising TFOAb and TGAb levels are a concern
AJ(h.nugIl a stody on Danish twins demonsirated that genetic fac-
tors are approximately 73% responsible for the presence of TPOAD
and TGAb (Hansen et al. 2006), the remaining 20%—30% is related
to enwironmental factors and is stll worthy of attention
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Association between arsenic exposure and thyroid function: data
from NHANES 2007-2010

Ram B. Jain*

Frivate Consultant, Sanford, NC, UUSA
(Received |7 November 2014 final version received 5 May 2015)

The association of arsenic vanables in urine, totnl arsenic (UAS), arsenobeinine
(UAB), dimethylarsinic acid (UDMA), and srsemic adjusted for amsenobetaine
(UAAS) with thyroid-stimulating hormone (TSH), free and total gerum thyroxine
(FT4, TT4), free and total tniodothyronine (FT3, TT3), and thyroglobulin (TGN)
was cvaluated by analyvring data from 2007-2010 National Health and Nutrition
Examination Survey. For iodine deficient males, there was a posilive association
between TSH and UDMA (p < 0.01) and a negative association between the levels
of TT4 and UDMA (p < 0.01). Levels of UAAS were inverscly associated with the
levels of TT4 for both iodine-deficient (p = 0.054) and i1odinc-replete females
(p = 0.01). For iodinc-replete females, levels of both TSH and TGN increased with
decrease in the levels of both UARB (p < 0.01) and UAS (p < 0.01). There was also a
ncgative association between TSH and UAB as well as UAS (p < 0.01). For rodine-
replete males, increased levels of UDMA were associated with decreasing levels of
FT4 {(p = 0.03).

"Conseqguently, exposure to high levels of
arsenic should be a cause for concern since |t
may disrupt thyroid homeostasis and lead to low
levels of FT3, TT3, or TT4.”

shown to be associated with unnary cancer (Chen et al. 20]10), lung function/cancer
(Putila & Guo 2011; Femreccio et al. 2013; Parvez ¢t al. 2013; Sawada et al. 2013),
bladder cancer (Ferreccio et al. 2013), head and neck cancer (Khlifi et al. 2014), periph-
eral vascular disease (Tseng et al. 1996), and respiratory diseases (Parvez et al. 2010;
Dauphine et al. 2011). Cardiovascular effects related to the exposure of arsenic have
also been documented (Mumford et al. 2007; Moon et al. 2013). Exposure to arsenic

wval] at 14:51 06 November 2015
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Thyroid disruption and reduced mental development in children from | m
an informal e-waste recycling area: A mediation analysis =

Lian Liu *", Bo Zhang ", Kun Lin *, Yuling Zhang °, Xijin Xu ™", Xia Huo ™™
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« Median values of M, Cd, FT,; and TSH in Guiyu were higher than that of the reference area
 Culyu children had bower cognitive Scores than those in the reference area

» M was negatively correlated with both cognitive and language icores

= Thyroad disrupiion ie=n't irvolved in the neuroteedieity induced by P-Cd co-cxposure

ARTICLE INFOD ABITRACT

'Results suggest exposure to heavy metal (Pb)
reduces cognitive and language skills, and
affects thyroid function, but fail fo confirm that
thyroid disrupftion is involved in the neurotoxicity
iInduced by PbCd co-exposure.”

children has been extensively studsed (Lhan snd Kilby. Z000) The neonate are Quite sensitree o TH, and neurological growth and
maturation can be compromised when disruptions in TH ocour

during fetal development (Zoeller et al. 2002) Studies have also

« Coveiponiing authes revedled that relatrvely subtle deficits in coculating levels of TH, in

*5 [onesgrending suthon pregnant wemen, could affect the neurological eutcome of children
E-muanl aldrury sung@visedwdn D0 Xo) shuo@merilaon (X Hool (Ghassabian ef al, 2011)
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Thyroid Hormones in Relation to Lead, Mercury, and Cadmium Exposure
in the National Health and Nutrition Examination Survey, 2007-2008

Aimin Chen, Stephani 8. Kim, Ethan Chung, and Kim N. Dietrich

Departmant of Environmantal Health, Division of Epidemiology and Biostatistics, University of Cincinnati College of Medicine,

Cincinnatl, Ohio, USA

Backcmousm: Heavy metls, such as lead (Pb), mercury (Hg), and cadmium (Cd], sre known

but their i with the thyroid axit have net been well quantified at US. back-
pronand Leveds,
ORJECTIVER W bn d the rel hrm!mtdnrdfmfllmm-

between ithyroid

u."rr.-.dl'm.mﬁmt&-mhm [TT, and FT,]. th
[TSH], and thyroglobulin [Tgl) and keveds of I, I&ﬂﬁuuﬂdﬁim.
Mo We separately analyved o sample of 1,109 sdolescents (1219 years of age) and a semple
of 4,409 sdahis from the U.S. National Health snd Nutrition Examination Sarvey (NHANES)
20072008, We entimated associations after adpasting For age., sex. race, wrinasy ioding, body mass
index, and seram cotinbne.
Resuits The gromatnic mesn (GM) lovels of blood Ph (BPb), toral Hg, and Cd were .81 pgfdl.
ﬁi?%nﬂﬁl! pg'L in adolescents and 143 pg/dl. 0.96 pg/L, and 038 pg/L in adubts, mapec-

GMa of wrinary Cd were 0,07 and 0.2% pg/g creatining in sdolescents and sdulu, mapec-
tively. No consistent pattern of metal and thyroid hormone smociations wa observed in sdalescent.
la adulis, blood H‘munmlrnhmluﬂu TT;. and FT; mdmyﬂ&m?udmlr
amociated with TT,. TTy FTy, and T but there were no amocistions with Pb. Amocistons were
relatively wesk st an individual level. with sbout 1-4% change o thyrosd hormones per interquertile

range increase in Hig or Cd.
CONCLUSINY Qwu*n’

FAEEEITS g inverie ssociation
manct, snd & posittve asecistion between Cd expoiure snd thyroid hormones in adults.

Ky wonis: cadmium, beavy metals, bead,

, thyreid hormones. Eneiran Hpalth

121:181-186 (2013). h@:m;;rin.lm#nmm [Online 16 Movember 2012]

'Ihymiul hormones (THs) PLI:I' a crithcal role
in the funceiont of nervous, reproductive,
and cardiovascular systems in both children
and adults (Dane snd Klein 2002 Williams
2008; Yasbeck and Sullivan 2012). The
hypothalamus—pitsitary—thyroid (HFT) axis
regulates thyrobd functon through thyro-
wopln sedesing hormone, thyrokd-stimulating

hormone 1'[ bHJ and the THa [l!lrmum:

PN ) et S T N B

AMARLISEER RIS LEERAR M1 AL
development (Ghasabian et al. 2011; Po
et al. 2003), blood premuie {Asvold et
2007), cholesterol, trighycerides, and insulin
resistance {Roos e al. 2007).

Environmental chembcals might alier TH
levels wia several mechanisms, Including dis-
rupthon of wdine (1) wranaport, thyroid peroai-
dase, TH-binding proteins, hepatic estabolivm,
deodinaics, and receptor binding (Maller e al,

2009). Stadies of human populations have
focused primarily on chemicaly thar are struc-
turally simiar to Ty such a polychlorinased
biphenyl (PCBa), polybrominated diphenyl
ethers, and bisphenal A (BPA), with linle
atrention on heavy metals (Boas et al. 2006:
Pearce and Reaverman 2009). Lead (Pb), mer-
cury (Hg), and cadmium (Cd} are known
crsaromment el rm.lunn_ bur nnl}« a &uruuilu

L aaiatec il —iaa . il ool B

F..u.m.l‘.... HEME R4 Ba ewua[. 8 tETITWE
tudies o tions with high expoiure 1o
5] {mdmln.rul; BPb levels of > 20 pg/dL)
ted negative amociations with dro
T FTy 0t Ty (Lépes ct al. 2000; Robina ct al
1983; Singh et al. 200¢; Tuppurainen ex al
1988); however, associstions were not evident
in other shmilar sudy populations (Erfunth
et al, 2001; Schumacher et al. 1998; Slegel
ot al. 1989), Fewer studies have investigated

Emvironmental Health Perspectives « woinse 121 | susmin ] | February 2013

associations of BPb levels of < 10 pg/dL
with THs. Dundar and colleagues reparted
a negative anociation between BPb and FT
kevels in adelescents with mean BPb of 7 g/dL.
(Mundar et sl 2006). A secent study (Meekes
et al 2009) has an imvene asoctation
berween APl (median, 1.5 pgfdl) and TSH
levels in men of the couples prescnting ar
inferility clindes. Another study, in the bkaide
communiticn of Quebet, Canada, found no
amocistion beoween BPb (median, 3.0 pgfdl)
and THax in men, bat identified 3 positive
asoctation with Ty and an inverse ssodation
with T5H in f:.rruln with median BPb of
T pigfdL. (Abdcloualaly er al. 2008)

§ has advense effects on a variery of sys-
tema that vary with the level, length of expo-
sure, and time window of exposure (Tan et al
2009). Proposed mechanisma of Hig-relared
TH dissuption invelve selective binding to
suldydeyl (SH)containing ligands in the thy-
ol reduced TSH production, snd (nhibition
of delodinasion (Soldin e al 2008; Tan e al
2009). FTy levels were reduced in amocia-
tion with occupational exposuie to Hg vapor
among chloralkali plane workers (Basregand
e al. 1994; Ellingsen ex al. 2000). Studies af
populations with environmental exposure, for

u[lt[: from f!-ﬁh :nmu.m?unn and from
have had mixed findings

u'.b-!:lmmluh o .|I 2008; Mecker er al. 2009;
Schell e al. 2008; Takser et al. 2005). A
uu-l?' in a Canadian lakesde community wich

T U R N R Y e T |

“Our analysis suggests an inverse
association between Hg exposure and
thyroid hormones in adults.”

Fomal simin chengros odu

Supplemental Material in available onfing (hep i/
da dal. oep! 10| 28 ahip. | 2G525%)

This work was suppareed i part by the Center for
Ervionmental Genetica (grany PMHESO0G05E) and
b:,l the Matlonsl lnomuse of Envisenmsenral Heahh
Scumom {grant RCAESIST55)
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Children with health impairments by heavy metals in an e-waste \!) -

recycling area
Xiang Zeng *™*, Xijin Xu *“, H.Marike Boezen ™, Xia Huo *~

Ty

AAAAAAAAAAAAAAAAAA

waste), such as, Pb, Cd), Cr, Mn, Ni, Hg, As, Cu, Zn,
Al and cobalt (Co), influence a number of diverse
systems and organs, resulting in both acute and
chronic effects on children's health, ranging from
MINOr upper respiratory irritation to chronic
respiratory, cardiovascular, nervous, urinary and
reproductive disease, as well as aggravation of pre-
existing symptoms and disease.



DISRUPTORS OF
THYROID FUNCTION

« Food allergy, intolerance or
sensitivity

* Infections (i.e. occult)

« Exogenous toxins
« EDC’s, heavy metals, efc.

* Physical frauma

« Autoimmune diseases

« Nuftritional insufficiencies
« Nutrient Excesses (Fl, Fe)
* Traumatic emotional

» Chronic sleep deprivation events

* Inflammatory diseases .+ Aging

« Oxidative Stress « Changes in gut microbiota
« Pharmaceutical Drugs « Altered biotransformation
« Hormone Imbalance « Mitochondrial Dysfunction
- Acute physical stress * single Nucleotide

. . Polymorphisms (SNP’s)
« Diet: ¥ CBO/| protein

Filomena Trindade, MD, MPH copyright, 2012
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yroid Disruption:

Mechanisms and Clinical

Implications in Human Health

Abstract

Exposure w0 specific emvironmental toxins, including
polychlornated biphenyls, dicons, phthalates, polybrominated
diphenyl ethers (PBDEs), and other halogenated organochlonnes,
has been shown o interfere with the production, transporation,
and metabolism of thymoid hormones by a wvarety of
mechanisms. A brmmad range of chemicals, with structural
similarity to thymid hormone, have been shown to bind to
thyroid recepiors with both agonist and antagonist effects on
thyrold hormone signaling. The incidence of thyrold disease in
the United States, particularlty for thyrold cancer and thyroid

Lyn Patrick, ND

in the last owo decades on the relationship berween
environmental exposure to a specific class of chemi-
cals and its cffects on the endocrine and nervous sys-
tem. Chemicals thar affect thyroid metabolism, cither
through the hypothalamic-pituitary axis or directly via
nuclear receprors, are termed “thyroid disruprors™ (T’ D).
A review of ar lease 150 indusrrial chemicals summa-
rizes the evidence in animal studies thar these chemicals
can cause a reduction in thyroid-stimulatng hormone
{TSH) as well as thyroxine.” An extensive review by
Brucker-Davis cites 381 wildlife and experimenctal ani-
drugs and chemicals on thyroid merabolism and sub-
sequent neurodevelopmental and endocrine effeces in
offspring and children.”

Evidence linking polvchlorinated binhenvls

"Chemicals effect thyroid metabolism through HP
axis or directly via nuclear receptors are termed
thyroid disruptors (TD). At least 150 industrial
chemicals cause a reduc’rion iINn TSH as well as

’rhyroxme

which chrough enw ironmencal or inappropriate devel- Lyn Patrick, ND - Baatyr Uniwersity grach
opmental exposures alter the hormonal and homeo- =
static systems that enable the organism to communicate
with and respond to its environment.” The statement is i i T
a responsec to the large body of evidence accumulated Durangn, CO BI301 wemdufangonaturaimedicine. cor
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Microbiome impact on metabolism and function of sex, thyroid,
growth and parathyroid hormones

Michat Kunc', Anna Gabrych' and Jacek M. Witkowski*

facuity of Medicine arad Theoartrrend of Pathopiyiiciogy, Medes! Us

Commensal bacteria and their genes assodated with
host are known as microbiome. In recent years, micro-
bial influence on host endocrine system has been under
detailed investigation. The role of microbiome in the
pathogenesis of insulin resistance and obesity, the func-
tion of hypothalamic-pituitary-adrenal axiz and secre-
tion of hormones regulating appetite is well described
in world literature. In this articie we discuss poorly re-
viewed issues: the microblome role in modulation of
non-peptide (sex and thyroid) and peptide (growth hor-
mone and parathyroid hormone)] functions. Understand-
ing complex bidirectional relations between host endo-
crine system and bacteria is of fundamental importance
to undnrstnnding microbial impact on host lt-pruduc-
tion, risk of endocrine-related cancers, pathogenesis of
non-thyroidal illness syndrome, growth failure in chil-
dren and hormonal changes during chronic kidney dis-
ease. This article also highlights effects of dietary com-
pounds on micobiome composition and bacterial en-
rymes activity, and thus host hormonal status.

Key worda: microblome. lipopolysaccharide, sstrageni thyrokd har-
monel, growth hommone

Recsived 30 June 2015 revised: 21 Sectember 2015 accented

The microbiome has a role in metabolism of bile
excreted hormones such as thyroid hormones
which are metabolized in the liver and excreted

wiy of Gdafnk, Gdafik Polsrd

pituitary-adrenal axis have been published Sudo of o,
20004; CGao of af, 2000, Viocee of af, 20010; Burcelin o af |
2011; Zimomea & af, 2011; Holeer o al, 2012; Norris «f
al, 2013), In this review, we focus on less well descnbed
issues: the microblome role in modulstion of non-pep-
tde (scx and thyrokl) and pepode (growth hormonc
CGiH oanad I.llrthI\"ilFId hormmone — E'Tfl,' e s

In animals, bacteria influcnce their endocrine sys
tem ree variouns mechanism, Le. mtestinal metabolism
of bie-cxcreted hormones, intestinal conversion of ex
openous molecules o endocnne-active denvatives, pro-
ducton/release of endoctinc-active molecules like shon
chain famy acids (SCFAs) and bpopolysaccharide (1.PS)
The first WAy COnCCIns sterodad and Ih}“-uj hormones,
which are metabolized in the liver and excreted with
bile. A laspe number of intestine bacteria are capable of
hydralysis of hormone conjugates and afterward modily
chemical structure of free modecules. Another importans
aspect concoms the ability of micoorganisms associ
ateed with plants w0 produce phytohormones and hoe-
monc-like subsrances, which may modify host membo
bBam (Tsavkelova & al, 2006).

INn the bile.

“human-microbiome supcrorganium”™ alwo in  hormonal
systemi. Microbes senic and react for |.':|.1r|1E!h,- o host
adrenaline, noradrenaline, miodothyronine and sex hor-
moncs, which changes their motabolism, growth and
virulence (Sperandio o «f, 2003, Hughcs & Sperandio,
2008, Garcia-Gdomer of al, 2013). In turm, many rcvicws
and original papers amalyeing the influence of microbd
ota on hormones regulating appetite, insulin  sensitivicy,
pathogenesis of diabetes and obesity and hypothalamie

such as I xl‘u.a’.-rmnr .t‘nrrum Ba

or other rnu_tu_.'h:ulnu_n

e-mail jawit@gumed edu pl

Abbreviations: £2. sitradiol EHL enterohepatic circulatione GH,
growth hormone; hOG, human choronic gonadotropin ;| hPL. hu-
man placental lactogen ;| HSD, hydroxysterosd dr‘\)’dl:ﬂ;rmw w
interfeukin; LER LPS-binding protein: LPS, lipopolysasccharide; P4
P terone: PAH, aromatic b ocarboni, PFTH, para
lhym hormones; 5::5”'7::35-- chaan fatty .::’:3. T. testosterone. TLE
Toll-like recepltor
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Celiac Disease and Glandular Autoimmunity

MDPI

George J. Kahaly "=, Lara Frommer | and Detlef Schuppan

’ Pepartrment of Medicine L Jobharnes Guasmnberng Unuversity GLU) Medcal Center, 55101 Maow, Germmary:

Lara. Frommeri@Sunirmeslirin-oraatre odee

< Institute for Transistional Immunology and Research Cender for Immmnunotherapy (F2ID,. Johanmes Gotenbeerg
LUiniversity (L) Medical Coenter, 55101 Maingy, Germany, Detlef Schuppan@uncome-dirin-macngy e
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Abstract: Celiac disease is a smaall intestinal inflammatory discase with autoimmune feature= that i=
trigeered and maintained by the ingestion of the storage proteins (Sluten) of wheat, barley, and mve
Frevalenoe of celiac discase is incoreased in patients with monoe- and /or pohvglandular autoimmomanity
and their relatives. We have reviewed the current and pertinent literature that addresses the close
association between celiac disease and endocrine autoimmaumiity. The close relationship between
celiac dissase and glandular autoimoemunity can be largely explained by sharing of a cormmon genetic
background. Further, between 10 and 307 of patients with orliac disecase are thyrodd and Jor type 1
diabetes antibody positive, while around 5-79% of patients with autoimmune thyroid disease, type 1
diabetes, and /or polyglandular autodimmmundty are IgA anti-tissue transgiutaminase antibody positive.
While a gluten free diet does not reverse glandular autoimemunity, its ecarly institution may delay or

autimmune diseases, proounently with autoemmune thyrTosd disease (AllLD) and tvpe 1 diabotes
mellitus (T1DD), but also rheumatoid disecases including systemic lupus ervthematodes, 5 Ten's
syndrome, autoimmune liver disecases, and others [5]. Severe complications, like refractory CeDD type 2,
a premalignant condition, and overt enteropathy-associated T-cell hrmphoma, ococur in patients with
longstanding undetected and untreated CelD. but nemain rare [6.7]. Iron, rinc, vitamin D, vitamin

B12, or folic acid deficiency, iron deficiency or overt anemia are the most common laboratory finding

Mutrierrts MRS, 10, 814 Soi- 10330 ' ran 1 DOTTS T4 e Tesie cvwe S oererusl] S emat it

"Patients with CeD show a high prevalence of
glandular autoimmune disorders. CeD is
associated with T1D, AITD I.e., Hashimoto's
thyroiditis (HT), Graves’ disease (GD), and the
polyglandular autoimmune syndrome (PAS).”
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Maternal smoking and high BMI disrupt
thyroid gland development

Abstract

Background: Matemal ifestyle factors, induding smoking and increased body welght, Increase risks of adult

Methoads: Thyrold alands and plasma were collected from fetuses clective termunated in the second trimoested
notmally e " a1 I a1 0 ) i

[ TS, A TR

“For the first fime, we show that maternal BMI are
associated with disturbed fetal thyroid gland
development and endocrine function in a sex-
specific manner during the second trimester. These
findings suggest that predisposition to post-natal
disease Is mediated, in part, by altered fetal thyroid
gland development.”
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REVIEW

Role and Mechanisms of Actions of Thyroid
Hormone on the Skeletal Development

Ha-Young Kim'#2, Subburaman Mohan'=*

‘Musculoskeletal Disease Center, Loma Linda VA HealthCare System. Loma Linda, CA gzas7, USA: *Departments of
Medicine, Loma Linda University, Loma Linds, CA 92354, USA; *Division of Endocrinology, Department of Internal
Medicine, Wankwang University Sanbon Hospital, Gunges, Gyeonggil, Korea

The importance of the thyroid hormone axis in the regulation of skeletal growth and maintenance has been
well established from clinical studies involving patients with mutations in proteins that regulate synthesis
andfor actions of thyroid hormone, Data from genetic mouse models invelving disruption and overexpression
of components of the thyroid hormone axis also provide direct support for a key role for thyreid hormone in
the regulation of bone metabolism. Thyroid hormone regulates proliferation and/or differentiated actions of
multiple cell types in bone including chondrocytes, osteoblasts and osteoclasts. Thyroid hormone effects on
the target cells are mediated via ligand-inducible nuclear receptorg/transeription factors, thyroid hormone
receplor (TR) a and P, of which TRa seems to be critically important in regulating bone cell functions. In
terms of mechanisms for thyroid hormone action, studies suggest that thyroid hormone regulates a number of
key growth factor signaling pathways including insulin-like growth factor-I, parathyroid hormone related
protein, fibroblast growth factor, Indian hedgehog and What to influence skeletal growth. In this review we
describe findings from various genetic mouse models and clinical mutations of thyroid hormone signaling
related mutations in humans that pertain to the role and mechanism of action of thyroid hormone in the
regulation of skeletal growth and maintenance.

Keywaonds: thyroid hormone; bone; cartilage; growth factors; bone cells

Bone Research (2013) 2: 146-161. doi: 10,4248/ BR201302004

Introduction considerable evidence regarding iha imporionce of TH
in skeloial development, fhe molecular mechaniams of

There is a key role for thyroid hormone in the
regulation of bone metabolism.

e R e e L

shit sioh 4 crori astosis (3], Although there & Systamic TH lavel ore maintained by tha clasical nego-

tve feedboack lbop invohing fhe hypothalomus-piluitany-
fhyroid [HPT) axis (Figure 1], Thyrolropin neleas -
SCorHpONDEnca; Subiurarman Mohan i i ) SRR W gl
mong [TRH] o syniheszed in ihe paraveniicular nuchews
Eenol: Subturaman Mohand@va gow ! F
Tial: O BZS-TORS [t 2922): Fx: VOR-T94- 1480 [PV lol fhe nmlmm um sfimulates synthoss and
Becaved 13 March 2013 Ascepied 28 Ao 2013 socration of thyroid simulating hormona  [T3H] from
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Thyroid complications of SARS and coronavirus disease
2019 (COVID-19)
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CLINICAL APPROACH TO THE
THYROID PATIENT:

How did this person develop a
thyroid disorder?




DISRUPTORS OF
THYROID FUNCTION

« Food allergy, intolerance or  * Physical trauma

sensitivity  Autoimmune diseases
* Infections (i.e. occult)  Nuftritional insufficiencies
« Exogenous toxins « Nutrient Excesses (Fl, Fe)
« EDC's, heavy metals, etc. « Traumatic emotional
events

« Chronic sleep deprivation

* Inflammatory diseases Aging . . .
« Changes in gut microbiota

* Altered biotransformation

« Mitochondrial Dysfunction
« Hormone Imbalance . Single Nucleofide

« Acute physical stress Polymorphisms (SNP’s)
« Diet: T CBO/| protein

« Oxidative Stress
 Pharmaceutical Drugs

Filomena Trindade, MD, MPH copyright, 2012



MY PROTOCOL STEP1:
GET THE HISTORY!
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GET THE STORY:
TYPICALLY TOLD AS...

Chief Complaint (CC)
History of Present lliness (HPI)
Past Medical History (PMH)
~amily History (FH)

Dietary History

Supplement and Medication History
Lifestyle, Social, and Exercise History
Physical Exam Findings

_.aboratory Evaluation




OVERVIEW OF MY
APPROACH TO THYROID

* Thorough history including past history and family history.
« Complete physical exam looking for signs of dysfuncion

» Laboratory Evaluation: thyroid, but also other hormones
(HPA axis, sex hormones (including ovarian function),
steroidogenic cascade and estrogen metabolism

« Balance all hormones in specific order

« Consider metabolism/genomics/downstream effects
« Assessment of impact of hormones

Can affect hormones without drugs

» Decision fo give hormones and informed consent
. Route of delivery ar.ﬁ.
« Reassessment of hormone levels and symptoms < ’
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Thyroid Questionnaire
By Sara Goitiried, MD | September 30, 2013

| love this questionnalre from Dr. Hotze, another integrative physician. It gets
1o the heart of whathar you should be tested for thyrold dysraguiation, sven if
your conventional doc has dismissed your concoms. | also ke 1o use ihesa
quastions 1o bulld a tracker for how you improve with different therapies, as
triak-and-orror continues to ba the best route fof choosing the best thyroid
oplimization

R L S L By Sara Gottfried, MD | September 30,
S 2013, by questionnaire from Dr. Hotze

. Do you experience fatigue (4)?

. Is your cholesterol elevated (4)?

. Do you have difficulty losing weight (2)?

. Do you have cold hands and feet (2)?

. Are you sensitive to cold (2)?

. Do you have difficulty thinking (2)7

. Do you find it hard to concentrate (2)7

. Do you have poor short-term memory (2)?

. Are your moods depressed (2)7?

10. Are you experiencing hair loss (2)?

11. Do you have fewer that one BM per day (2)?
12. Do you have dry skin (2)7

13. Do you have itchy skin in winter (1)?

14. Do you have fluid retention (2)?

15. Do you have recurrent headaches (1)7

16. Do you sleep restlessly (1)7?

17. Do you experience afternoon fatigue (2)7?
18. Are you tired when you awaken (2)7

19. Do you experience tingling in hands or feet (2)?
20. Have you had infertility or miscarriages (2)7
21. Do you have decreased sweating (2)7

w0 o~ oo Bk WK =

22. Do you have muscle aches (2)7 Score < 117 You are unlikely to have a thyroid problem.
23. Have you had recurrent infections (2)7 Score 11-307 Low thyroid function is a possibility.
24. Do you have joint pain (2)? Score >307 Low thyroid function is probable.

25. Do you have thinning of your eyebrows or eyelashes (2)? Get tested if your score is > 11, including a free T3 and TSH.
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CLINICAL STUDY

Validity and reliability of the novel thyroid-specific quality of life
questionnaire, ThyPRO
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Abstract

Background Appropriate scale validuy and internal constslency rellability have recently been
documented for the new thyrold-specilic guality of life (Qol) patient-reported outcome (PRO) measure
for benign thyroid disorders, the ThyPRO. However, before clinical use, clinieal validity and tes-retest
reliability should be evalusted.

Alm: To lnvestigate clinical ('known-groops”) validity and test-retest rellability of the Danish version
of the ThyPRO.

Methads: For onch of the 13 ThyPRD scales, we defined groups expected to huve high versus low scores
"known-groups’). The clinkcal validity (known-groups valldity) was evaluated by whether the Thy PRO
scales could detect expected diferences n a cross-sectional study of 907 thyrold patlents. Test-retest
reliabilily was evaloated by intra-class correlations of two nesponses o the ThyPRD 2 weeks apartina
subsample of BT stable patients.

Results: On all 13 ThyPRO scales, we found substantial and significant diffierences between the groups
expected 1o have high versus low scores. Test—retest rellability was shove 0.70 (range 0.7 7-0.89) for
all scales, which ks usually considered necessary for comparisons smong patient groups, but below
0,90, which i the usual threshold for use in Individual patients.

Cemclission: W found support for the clinical validity of the new thyrold-specific Qol. questionnaire,
ThyPRO, and evidence of good test—retest rellability. The questionnalre s now ready for use in clinkcal

studics of patients with thyrold diseases,

European Journal of Endocrinology 162 161-167

Introduction

Measuremenls applying standurdized self-reports lo
capture the mpact of bealth on patients’ lives are
termed health-related quality of life (HRQL) measure-
ments (1). They usually conceptualize HRQL as a
multidimensional concept encompassing various
aspects of physical. mental, and social funclioning and
well-being. Te an increasing extent. the broader. but
also more neutral term ‘patient-reported outcomes
(PROs)' is replacing HRQL. Today, PROz or HRQL
measurcmenls are recognized as inevitable and
important outcomes in high quality clinical studies.
Further, they can provide importan! documentation for
evidence-based patient information and may even be
implemented in clinical management of the individual
patient, as has been done within, eg. oncology (2),
where randomized trials have documented significant

© 2010 Evropoan Sapety of Endocniroiodgy

improvement of patient-clinician interaction, without
prolonging consullations, and impacl on patient
management {3). HRQL measurements may be either
generic, Le. applicable to any patient group regardless
of diagnosis, or specific. Le. targeted to a specific
discase group. Specific HRQL measurements are usually
more sensitive than generie. which on the other hand
have the advantage of allowing comparisons across
dissimilar populations.

Some questionnaires have been developed for specific
thyrold diseases (4-12). However, o thoroughly valid-
ated guestionnaire only exists for thyrold-associaled
ophthalmopathy (TAO) patients (5-7). Another TAO
questionnaire has been developed, bul has not been
validated (8). One guestionnaire for patients with
hyperthyroidism was developed, but has never been
validated (4). Three questionnaires for hypothyroid
patients have been developed (9-12), but studies
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Basal Metabolic Temperature vs. Laboratory
Assessment in "Posttraumatic Hypothyroidism"

K W Sehnert ', A C Croft
Affiliations + expand
PMID: B903695

Abstract

Objectives: To compare standard laboratory analytical methods with measurement of basal
metabolic temperature in cases of hypothyroidism arising posttraumatically.

Setting: Private medical office.
Subjects: One hundred and one consecutive status post-whiplash trauma patients.

Design: All subjects were evaluated with standard laboratory tests (T3RU, T4, FT4l, TSH) for
thyroid function. Ninety-four were also evaluated with the newer fluorescence-activated
microsphere assay test (FAMA) and basal metabolic temperature (BMT) was measured in all.
Correlations were investigated between BMT, age, gender, standard laboratory values and the
FAMA test, The differences between low and high BMT vs. normal and abnormal standard

“Measurement of BMT seems 1o be a sensitive
screening test, in combination with laboratory
analysis, for the hypothyroidism seen after
whiplash tfrauma.”

our posttraumatic hypothyroid group (30%) were not identitied with either standard laboratory
tests or the FAMA test-a group we referred to as lab-normal.

«

@
with laboratory analysis, for the hypothyroidism seen after whiplash trauma. Whiplash seems k ;

Conclusions: Measurement of BMT seems to be a sensitive screening test, in combination

to result in a form of hypothyroidism suggesting direct injury to central tissues.




SYMPTOMS OF LOW
Hypotension THYROID FUNCTION

Hypoglycemia or Reactive

nypoglycemia

* Myalgias

» Cold extremities
o [rmitability/mood changes

Poor tolerance 1o stress and exercise
~atigue
Hair loss

Poor concentration

Shortness of breath
Impaired kidney function




E SYMPTOMS OF LOW THYROID

FUNCTION-CONTINUED

« Memory and concentration problems

 Diffuse headache, migraines

» Depression; melancholia

« Constipation: hard bowel movements and decreased
frequency

« Low libido

Arthralgias/joint stitfness

Menorrhagia

Recurrent miscarriage

Nocturia

Easy bruising

Erectile dysfunction



s Diaghoses Associated with

Low Thyroid Production

» Gallstones

» Bladder and kidney infections

« Deposition of mucin in connective
tissues

* Hypercholesterolemia
 Hyperhomocysteinemio

« High c-reactive protein
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WHAT TO LOOK FOR ON
PHYSICAL EXAM:

LOW THYORID




Int | Endocrinol Metab. 2014 January; 12{1): e13759. DOI:10.5812fijem 13759

Published online 2004 fanuary 5. Review Article

Clinical Conundrums in Management of Hypothyroidism in Critically 11l
Geriatric Patients

Vishal Sehgal *'; Sukhminder Jit Singh Bajwa *; Rinku Sehgal ’; Anurag Bajaj '

Table 1. Common Clinical Presentation of Hypothyroidism in
Critically lll Geriatric Population

Systems Clinical Manifestations
Cardiac

Congestive heart failure

Pericardial effusion

Hypertension

Decreased cardiac output

Angina
Pulmonary

Decrease response to hypercapnia

and hypoxia

Macroglossia
Gastrointestinal

Constipation

Non-alcoholic fatty liver
Hematologic

Pernicious anemia

Anemia of chronic disease
Neurologic Complex mental status changes
Metabolic

Hyperlipidemia

Hyponatremia

Metabolic syndrome

o-®.
o




SOME PHYSICAL FINDINGS OF
LOW THYROID FUNCTION

* Dry skin, elbow keratosis, brittle nails
e Diffuse hair loss
« Puffy face, swollen eyelids; edema in legs, feet, hands

« Loss of hair in varying amounts from legs, axilla, and
arms

Poor night vision
» Loss of eyelashes, or eyelashes that are not as thick

* Blepharospasm

« EQsy bruising

* Prolonged Achilles tendon reflex
« Keratoderma

* Enlarged thyroid gland




PHYSICAL EXAM FINDINGS
IN LOW THYROID

During physical exam, pay particular attention to the following:

General: | Weight gain and bradycardia

HEENT: Dull expression, swollen faqe, periorbitql edema, decreased auditory acqity, swollen tongue,
hoarseness, enlarged thyroid gland (goiter), glandular atrophy and thyroid nodules.

CV. Bradycardia, LV hypertrophy, mild hypotension or diastolic hypertension, decreased heart sounds.

Respiratory: | Bradypnea, diminished vital capacity and total lung capacity, dyspnea

Abdominal: |Hypoactive bowel sounds and abdominal bloating

MSK: Swollen hands, swollen feet and leg edema

NEURO: | Dementia, paranoid ideation, slow delayed reflexes and cerebellar ataxia

PSYCHE: |Depression

SKIN: Dry skin, pale, course dry hair, brittle nails, hair loss, and temporal thinning of eyebrows
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ANDROID BODY TYPE

COMMON BIOMARKER PATTERNS
TO RECOGNIZE

Increased Inflammation Through
Adipocytokine Communication

Insulin Resistance/Hyperinsulinemia and Reduced
Adiponectin




VTGH NSULIN

»Overweight

»Inflammation (arthritis,
skin rash, urge
Incontinence)

»Metabolic Syndrome
(high blood pressure,
obesity, high
cholesterol)

»Any of the high
adrenaline or high
cortisol symptoms ®

x ¥







HEALTHY

A healthy
body composton f
program helps 2 person |
weigh less and look thinmer
by causimg excess fat to be
kst and muscle o be refained

UNHEALTHY

An unhealthy
body composition
program may help a person
weigh less and look thinner,
bust / causes muscle to be bost
and excess fat to be retained.

Healthy body composition Unhealthy body compositon
produces sigraficantly better produces inreased risk to
overall health. other sericus health concems.
Healthy Reduced L Excess Reduced
muscle fat | fat muscie

/|

= ".l , i
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»
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Healthy body composition reduces the risk of developing Unhesithy body compositon increases the risk of developing high
high blood presszrz, high cholesterol, ardiovasosar dsease, biood pressure, high cilestorol, cardowasouiar disease, nsulin
msiin msensitivity, type 2 diabetes, homuona imbalance, and morne. insansity, type 2 diabetes, hormone imbalance, and mMore.

Healthy blood pressura -~ High blood pressurs
Healthy cholesterol Hizh cholesterol

A e o \'"«.. Healthy glucoss levets
Y‘ M, Haoalthy insulin levels

"\.‘ Heaithy hormona balance




HIGH ADRENALINE
SIGNS & SYMPTOMS

« Losing weight/low BMI

« ANXIO

« Cold
hypo

US

« Hoft flashes (midlife)

(compensatory
‘hyroidism)

e Musc

e wasting if not

exercising to build
muscles @,

e Bone

0SS 4

z
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HIGH CORTISOL




« Depressed +/- anxiety

« Weight around
midsection

* Frequent infections
 Elevated cholesterol

* Any of the high
adrenaline symptoms




THE STEROIDOGENIC PATHWAY

@j \ HO

MINERALOCORTICOIDS

DHTESO

GLUCQOCORTICOIDS

Enzymatic Steps: _

1. 20 o-hydroxylase, 22 hydroxylase & 20,22 desmolase
3P-hydroxystercid dehvdropenase & A5 - AY somerase
17 c-hydroxylase

17.20 desmolase (17,20-1rase)

21-hydroxylase

11 B-hydroxylase

18-hydroxylase

18-hydroxydehydrogenase

17 B-hydroxysteroid dehydrogenase

L, aromalase

AP-hydroxysieroid sulfotransferase

maftRArRARP

ANDROGENS
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GYNOID BODY TYPE

BIOMARKER PATTERNS TO RECOGNIZE

Increased Risk for HPATG Dysfunction

Infecto-obesity Risks
Detoxification Abnormalities

Gastrointestinal Concerns and Allergies
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HIGH ESTROGEN BODY TYPE
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NUTRITIONAL PHYSICAL EXAM FINDINGS




OTHER PHYSICAL
EXAM FINDINGS

« Nails

* Hair

* Eyebrows

* Muscle mass

* Mouth/Oral mucosa
* DTR’S

 Skin




CONCENTRATE ON TISSUE WITH RAPID
TURNOVER OR METABOLIC VULNERABILITY

1. Mucosa and Skin
2. Nails and Hair

3. Senses and Nerve Function




TONGUE
COLOR, COVERINGS, BUDS, SIZE,
MOVEMENT

Glossitis (Red Tongue) Protein Under-nutrition, Iron, Riboflavin, niacin,
B6, folate, B12

Decreased taste/smell,
burning tongue Zinc, Vitamin C

Tongue fissuring Niacin, gut triggered immune issues

Tongue - taste bud atrophy Iron, Riboflavin, niacin, B12

Leukoplakia Vitamin A, B2, niacin, B6, Folate, B12

Hairy black tongue Not Specific; associated with smoking, sulfur,
granule positive bacteria, antibiotics




FEEL THE SKIN
ON THE ARM

Character: Hyperkeratosis pilari

« Temperature

» Texture

« Color

* Hydration

* Lesions

* Hair Distribution
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LOOK AT THE

NAILS

* Shape
Distal Edgewe.. :
: | Laté"rg.lrecess ¢ CO|Or
*, Lunula  Pattern of Color

e Texture and
strength

« Growth Pattern
» Surrounding Tissue

~ Cuticle
Eponychium




LABS




LABORATORY

o ASSESSMENT

« Anti-thyroidal antibodies
« Anti-peroxidase antibodies
« Anti-thyroglobulin antibodies
* Anti TSH receptor antibodies

* T3

» Total T3 (TT3)

* Free T3/Free T4
« TT3/IT3




OTHER LABORATORY

ASSESSMENT

 High cholesterol especially high LDL cholesterol
* High homocysteine
* Elevated HS-CRP




= OTHER LABORATORY

ASSESSMENT
* Iron:
« CBC and Ferritin
(Generally part of my standard thyroid
work up)

« Zinc
 RBC ZinC
(Often order but usually find it within RR
and will
often just supplement)

« Selenium
« RBC selenium PS
 Whole blood glutathione (Rarely order, “' "’

almost invariably supplement) a‘ '




OTHER LABORATORY
ASSESSMENT

 Vitamin D
« 25 OH
(Generally part of my standard vitamin
thyroid work-up) D

* Vitamin A e
« Serum vitamin A ,\

(Rarely order, often supplement in ,—1
suspected individuals)

53

* lodine
 Urinary fasting morning spot I
lodine
(often order as part of my
standard thyroid work up)

126.90447




OTHER LABORATORY
ASSESSMENT

« Celiac Panel
» Standard panel PLUS IgG gliadin it available
(often order initially, will always order with elevated
antibodies and diagnosis of Hashimoto's or Graves’)

* Food Sensitivities (IgG) and Complement

» Toxins

« EDC’s

» Toxic Minerals (RBC) (canconene] (‘omssers | (50 |
- Infections S S

Fa -
1 ¥ v Megative inr celiag
Cella dise sseapeclic | | b anspecitic - bk iseae serahugic markers,
o ] antibadi I antibodies, Cliakal [ | Ik
landi=TG 2, andi-T- d ppsigroonaizarrull| 1| DSt i
. s || evmpeoms, Skin prick antibodies; Moy sre
_ fkarin), tosts il e amtigliatin
sy persdli o \. Al Runly
ey e
 Parasific
« Fungal ®
L
.
* bacterial




Optimal Range

« TSH: 0.4-2/2.5 mIU/L

* Free T4: 15-23 pmol/L
* Free T3: 5-7 pmol/L

« Total T3: 120-181 ng/dl
« RT3: 11-18 ng/dI

- Ft3/Ft4: >.33

« TTI3/RT3: >6

* Thyroid Antibodies: WNL

i

REFERENCE RANGES
&
OPTIMAL RANGES

Standard Reference Range

(I .4-5.5)

(T 9-23)

(rr 3-7)
(T 76-181)

m11-31)







HYPERTHYROIDISM




SYMPTOMS OF

HYPERTHYROIDISM

General: excess sweating, excessive hunger, fatigue, heat
Infolerance, or restlessness, weight loss, diarrhea, hair loss,
muscle weakness, fremor, or warm skin

Mood: mood swings, nervousness, or panic attack

cardiac: abnormal heart rhythm, fast heart rate, or
palpitations

Sleep: difficulty falling asleep or insomnia

Menstrual: iregular menstruation or short and light
menstruation

Behavioral: hyperactivity or irritability
Skin and Hair: Thinning skin, brittle and/or fine hair
. N

3

A
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PHYSICAL FINDINGS IN

HYPERTHYROIDISM

» Eyes: abnormal protrusion of eyes or puffy
eyes

« Cardiac: Tachychardia
« Hair: thin and birittle

e Skin: thin and warm




= HYPERTHYROIDISM AND

GRAVE'S DISEASE

Grave's Is most common type of
hyperthyroidism




Association of cytokine gene polymorphisms and

Graves’ Disease in Turkish population

Display Settings:  Abstract

Endocr Metab Immune Disord Drug Targets. 2013 Apr 30. [Epub ahead of print]

Association of cytokine gene polymorphisms (L6, IL10, TNF-, TGF-f
and IFN-y) and Graves' Disease in Turkish population.
Kutluturk F, Yarman 8, Sarvan FO, Kekik C.

(Gaziosmanpasa University, Faculty of Medicine, Department of Endocrinology and Metabolism, 60200 Tokat,
Turkey.

Abstract

Introduction: Cytokines play a crucial role in the pathogenesis of autoimmune thyroid disease,
and recent studies have demonstrated an association between cytokine gene polymorphisms
and Graves' Disease (GD) in different ethnic groups. The aim of the present study was to
investigate the relationship of interleukin-6 (IL-6), IL-10, tumor necrosis factor-alpha (TNF-a),
transforming growth factor-beta (TGF-B), and interferon-gamma (INF-y) gene polymorphisms in
the development of GD in Turkish population. Material and Methods: A total of 224 subjects were
included in the study comprising of 100 patients with GD (70 female, 30 male; mean age, 43.9
138 years) and 124 healthy subjects (81 female, 43 male); mean age, 37.6 £10.2 years)
without anfithyroid autoantibodies or family history of autoimmune disorders. Genotyping was
conducted by using PCR and sequence-spacific primers. Results: Statistical analysis showed a
significant association between high TNF-a -308GA and IL-6 -174CC gene polymorphisms in
patients with GD compared to control subjects (p=0.016, p=0.044, respectively). However, no
significant differences were observed between GD and control subjects for IL-10, TGF-B, and
INF-ygene polymorphisms. Conclusion: TNF-a-308GA and IL-6 -174CC gene polymorphisms are
involved in susceptibility to GD in Turkish papulation. The polymarphism hypothesis in
pro-inflammatory cytokines might be involved in predisposition to GD.

PMID: 23638863 [PubMed - as supplied by publisher]

LinkQut - more resources

Conclusion: the pro-
inflammatory cytokine
gene polymorphisms
(TNF-a-308GA and IL-6-
174CC) are involved in

predisposition to

Graves'Disease in Turkish

poplulation.
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THYROID SPECIAL ARTICLE

YVolume 26, Number 10, 2016

& Amancan Thyrol Assooiation
© Mary Ann Lisbart, lng

DO 10,1088y 20160229

2016 American Thyroid Association Guidelines
for Diagnosis and Management of Hyperthyroidism
and Other Causes of Thyrotoxicosis

Douglas S. Ross!” Hanry B. Burch®™ Dawd S lCougcr,' M. Carol Greenlee® Pater Laurberg™
Ana Luiza Maia” Scott A. Rivkees, Mary Samuels” Julie Ann Sosa”
Marius M. Stan” and Manin A. Watar™'

Background: Thyrotoxicosis has multple etologies, manifestations, and potential therapies. Appropriate
treatment requires an accurate diagnosis and is influenced by coexisting medical conditions and patient preference.
This decument describes evidence-based clinical guidelines for the management of thyrotoxicosis that would be
useful to generalist and subspecialty physicians and others providing care for patients with this condition.
Methods: The American Thyroid Association (ATA) previously cosponsored guidelines for the management of
thyrotoxicosis that were published in 201 1, Considerable new literature has been published since then, and the
ATA felt updated evidence-based guidelines were needed. The association assembled a task force of expen
clinicians who authored this report. They examined relevant literature using a systematic PubMed search sup-
plemented with additional published materials. An evidence-based medicine approach thal incorporated the
knowledge and experience of the panel was uséd 1o update the 201 1 text and recommendations. The strength of the
recommendations and the quality of evidence supporting them were rated according 1o the approach recommended
by the Grading of Recommendations, Assessment, Development, and Evaluation Group.

Results: Clinical topics addressed include the initial evaluation and managément of thyrotoxicosis; management
of Graves” hyperthyroidism using radioactive iodine, antithyroid drugs, or surgery; management of toxic multi-
nodular goiter or toxic adenoma using radioactive iodine or surgery, Graves’ disease in children, adolescents, or
pregnant patients; subclinical hyperthyroidism; hyperthyroidism in patients with Graves® orbitopathy; and
management of other miscellaneous causes of thyrotoxicosis, New paradigms since publication of the 2011
guidelines are presented for the evaluation of the etiology of thyrotoxicosis, the management of Graves® hyper-
thyroidism with antithyroid drugs, the management of pregnant hyperthyroid patients, and the preparation of
patients for thyroid surgery, The sections on less common causes of thyrotoxicosis have been expanded.
Conelusions: One hundred twenty-four evidence-based recommendations were developed o aid in the care of
patiente with thuratoxicoce and to chare what the e force halioves ie current, rational, and cotimal medical

practice.

“One hundred twenty-four evidence-based
recommendations were developed to aid in the
care of patients with thyrotoxicosis and to share

what the task force believes is current, rational, and
optimal medical practice.”



=
.=

Jj it Y
Bk ) N N
ek N,

\Fatii:







TREATMENT




: THE 5R PROGRAM ASKS
FOUR BASIC QUESTIONS:

« What does this patient need to have Removed
(e.q., pathogenic growth in the intestinal tract, allergenic
foods in the diet) for healthy Gl functione

« What does this patient need to have Replaced
(e.g., stomach acid, digestive enzymes) 1o support
improved Gl function?

 What does this patient need to support and/or to re-
establish a healthy balance of microflora; that is, does
he/she require probiotic Reinoculation/Repopulation
and/or prebiotic supporte

 What does this patient need to support healing and
reestablishment of a healthy mucosal layer; that is, does
he/she require targeted nutritional support for Gl barrie

- @, °

and biofilm Repair and regeneratione 9
« What is needed to Rebalance the gut-brain connec’r"ﬁ L
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ELIMINATION DIET?

 Elimination of foods and food additives that
may be causing an immunological or non-
Immunological reaction

* Immunological reaction: Allergy or
“hypersensitivity,” which may be IgE, IgG,

aM, IgA, or T cell mediated

« Non-immunological reaction: Intolerance

that may be secondary to lactase
deficiency, spoilage, or various other toxins

°
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ELIMINATION
DIET :
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DISCOVER THE FOODS

THAT ARE MAKING

YOU SICK AND TIRED—

anp FEEL BETTER FAST
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THE ELIMINATION DIET:

A PRIMARY THERAPEUTIC DIETARY
INTERVENTION

* Can be a major tool when food sensitivities
are the main root causes

* |[dentfifies triggers in the diet

* Reduces inflammation

» Reduces toxic burden

» Repairs intestinal permeabllity
 Include phytonutrients to heal the gut

* When used with the 5R program is a great ®
approach to healing the gut o e
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FOCUS ON ELIMINATING OR

DECREASING TOXINS THAT
AFFECT THYROID FUNCTION

« Assess for toxins and decrease/eliminate if
possible

« Assess for and eliminate medications (as
possible) that inhibit function

» Improve the dietary prescription with g
focus on detoxification/biotransformation

°
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DIETARY PROTOCOL FOCUSED ON
ELIMINATING POTENTIAL FOOD

REACTIONS, IMPROVING GUT
DYSBIOSIS/MICROBIOTA AND
LOWERING INFLAMMATION

v Low in potential foods that could cause
reactions

High In pre and probiotic foods

High In phytonutrient content

_ow In the Omega-6/Omega-3 ratio

_ow In saturated and trans fatty acids
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= LIFESTYLE FACTORS

 Sleep

e Exercise

« Connections/support

 Stress Reduction techniques




TREATMENT STRATEGIES

 Foundational:

» Dietary/Lifestyle changes to remove
triggers and/or address mediators

» Supplementation

- Hormone Replacement
* T4 only vs T4 and T3




AUTOIMMUNE THYROIDITIS
(HASHIMOTO'S)

» Look for the frigger, remove
« Address the gut
* Fix the dystunction




A TRIO OF CAUSES

Three factors underlie celiac disease: an environmental trigger, a genetic susceptibility
nﬂmﬂmﬂﬂnmﬁn’imﬂtmmﬂﬂﬁpﬂnﬂﬂmﬁmlm
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GENETIC PREDISPOSITION
Almost all patients harbor a gens
ind for either the HLA-DOQZ protein or
the HLA-DOQ2 protain, or both.
These HLA molecules display

gluten fragments to immune
system cells, which then direct
an attack on the intestinal lining.
;: Other genes are fikely to be

invalwed as well but these
additional culprits may differ
from person to person.

LEAKY SMALL INTESTINE
In most people, links known as
tight junctions “glue” intestina
cells together. In those with
celizc diseass, the junctions
come apart, allowing a large
amount of indigestible gluten

Afragments to seep into the

underlying tissue and incite
immune system cells. Treat-
ments that reduced leakiness
could potentially ease not only
cefiac disease but also other
autaimmams disarders invalving

unusually permeable intastines.

Fasano A. Surprises from Celiac Disease. Scientific American 2009(Aug):54-61.
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A TRIO OF CAUSES

Three factors underlie celiac disease: an environmental trigger, a genetic suscaptibility
and, according to the auther's research, an unusually permeable gut (below). The
author suspects that memhmnda&mnhﬂnmmulhEIMWnﬁm

mmmmmmmmwmcw

GENETIC PREDISPOSITION
Almost all patients harbor a gens
for either the HLA-DOQZ protein of
the HLA-DOQ2 protain, or both.
These HLA molecules display
gluten fragments to immune
system cells, which then direct
an attack on the intestinal lining.
Other genes are likely to be
invalwed as well bot these
additional culprits may differ
from person to person.

.| |nmostpeople. links known as

fragments to seep into the

Sci Am 301 (2), 54-61, Aug 2009

LEAKY SMALL INTESTINE

tight junctions “glue” intestinal
cefls together. In those with
celizc disease, the junctions
come apart, allowing a large
amount of indigestible gluten

underlying tissue and incite
immune system cells. Treat-
ments that reduced leakiness
could potentially ease not only
cefiac disease but ako other
autoimmame disorders imvodving
unusually permeable intestines.
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A Clue to Delayed Onset

Penq:ﬂe with celiac disease are born with a genetic susceptibility to it. So why do some
individuals show no evidence of the disorder until latein [ife? In the past, | would
have said that the disease process was probably occurring in early life, just too mildly to
cause symptoms. But now it seems that a differant answer, having to do with the bacte-
ria that live in the digestive tract, may be more apt.

These microbes, collectively known as the microbiome, may differ from person to
person and from one population to another, even varying in the same individual as life
progresses. Apparently they can also influence which genes in their hosts are active
at any given time. Hence, a person whose immune system has managed to tolerate
gluten for many years might suddenly iose tolerance if the microbiome changes in
a way that causes formerly quiet susceptibility genes to become active. If this ideais
comrect, celiac disease might one day be prevented or treated by ingestion of selected
hetpful microbes, or "probiotics.” —AF

‘k
Flommena Trindade, MD, MPH ‘
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KEY NUTRIENTS TO CONSIDER

IN THYROID REGULATION

« Selenium
« /INC

* [ron
 lodine

* Vitamin D
* Vitamin A
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ZINC, SELENIUM
AND T3/T4 RATIO

* Low T3/T4 ratio may be related to impaired
zinc and/or selenium status.

* Supplementation was associated with
modest changes in thyroid hormones, with an
earlier normalization of T4 and RT3 plasma
levels.

A 4
Berger MM, et al. (2001). Influence of selenium supplements on the post-traumatic alterations of the thyroid axis: a '
placebo-controlled trial. Intensive Care Med, Jan; 27(1):91-100. 'y ¥
Olivieri O, et al. (1996). Selenium, zinc, and thyroid hormones in healthy subjects: low T3/T4 ratio in the elderly is ‘
related to impaired selenium status. Biol Trace Elem Res. Jan; 51(1):31-41.




IRON AND THYROID
FUNCTION IN ADULTS

« Serum iron concenirations were lower in
participants with subclinical hypothyroidism
than euthyroid subjects.

 In euthyroid subjects, small differences in thyroid
function are associated with significant
differences in erythrocyte indices.

@
o«
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A
Bremner AP et al. (2012). Significant association between thyroid hormones and .
erythrocyte indices in euthyroid subjects. Clin Endocrinol (Oxf), Feb; 76(2): 304-11.




IRON
INSUFFICIENCIES

* Iron deficiency impairs thyroid hormone
synthesis by reducing the activity of heme-
dependent thyroid peroxidase.

* Further, Iron-deficiency anemia blunts, and
Iron supplementation improves, the efficacy
of iodine supplementation.

~@

Zimmermann MB, Koéhrle J. The impact of iron and selenium deficiencies on iodine and '
thyroid metabolism: biochemistry and relevance to public health. Thyroid. Oct 2002; 5 ¥
12(10):867-78. ‘




IRON DEFICIENCY AND ITS

RELATIONSHIP TO RT3

Iron improves thyroid function by decreasing
the conversion to RT3:

» Significant Decrease in T3 (47%, p<0.001)

» Significant Increase in T14 (12%, 10<0.001)
and TT3 (3.5%, p<0.001)

Eftekhari MH et al. (2007). Effect of iron repletion and correction of iron
deficiency on thyroid function in iron-deficient Iranian adolescent girls. Pak J
Biol Sci., Jan 15;10(2):255-60.




VITAMIN D INSUFFICIENCIES AND
AUTOIMMUNE THYROID DISEASE (AITD)

* The prevalence of vitamin D deficiency was significantly
higher in patients with AITDs compared with healthy
individuals (72% versus 30.6%; P<0.001), as well as in
patients with Hashimoto's thyroiditis compared 1o
patients with non-AITDs (79% versus 52%; P<0.05).

 Significantly low levels of vitamin D were documented in
patients with AITDs that were related to the presence of
anti thyroid antibodies and abnormal thyroid function
tests, suggesting the involvement of vitamin D in the
pathogenesis of AlITDs
‘.Ox

®
A
O

Kivity S, et al. 92011). Vitamin D and autoimmune thyroid diseases. Cell ¥

Mol Immunol. May 2011; 8(3):243-7.




VITAMIN A INSUFFICIENCIES

Factors that either produce vitamin A (retinol)
iInsufficiency or prevent the conversion of
vitamin A 1o retinoic acid may result in
reduced thyroid nuclear signaling.

Nature Reviews | Neuroscience

Feart C, et al. Aging affects the retinoic acid and the friodothyronine nuclear receptor mRNA
expression in human peripheral blood mononuclear cells. Eur J Endocrinol. Mar 2005; 152(3):449-58.




- IODINE INSUFFICIENCIES -
AND NHANES

« NHANES | (1971-1974) and NHANES Ill (1988-1994) showed
that Americans’ median urine iodine concentration
decreased by 50%, while a low urine excretory level of
lodine below the WHO threshold increased by 4.5-fold in
this same period.

« Monitoring of high-risk groups showed that 6.7% of
pregnant women and 14.9% of women of childbearing
age had a urine excretory level of less than the WHO
threshold of iodine.

« The most recent NHANES (NHANES IV: 2001-2002)
indicated level of iodine has stabilized since NHANES .

Hollowell JG et al. (1998). lodine nutrition in the United States. Trends and public health
implications: iodine excretion data from National Health and Nutrition Examination Surveys | and
I (1971-1974 and 1988-1994). J Clin Endocrinol Metab, Oct; 83(10):3401-3408.




CONVENTIONAL
RECOMMENDATIONS

The American Thyroid Association
recommends against ingestion of an iodine or
kelp daily supplement containing >500 ug
lodine for all individuals, except for certain
medical indications.

American Thyroid Association. ATA Statement on the Potential Risks of Excess lodine Ingestion and Exposure. 2013
[online], hitp://www.thyroid.org/ata-statement-on-the-potential-risks-of-excess-iodine-ingestion-and-exposure




ROUTINE DAILY N
SUPPLEMENTATION
IN A HYPOTHYROID PATIENT

» Selenium: 200-400 mcg

* Zinc: 15-30 mg

 Vitamin D: 2000 iu

 Vitamin A: 2000 iu

* lodine: 150 mcg

* Iron: 15-20 mg (in a menstruating woman)

(generally all can be given in one or
two supplements)
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Experimental Simulation of the Effects of Essential and Toxic

Trace Elements on Thyroid Function
E. S. Barysheva

Transtated from Byulleten® Eksperimental 'noi Biologii | Meditsiny, Vol. 164, No. 10, pp. 433-436, October, 2017
Original amicle submitted December 6, 2016

The effects of essential {1, Se, and Zn) and toxic (Pb and Cd) trace elements on the thyroid
function were studied experimentally, The protective effects of iodine, zine, and selenium on
thyroid tissue and antithyroid effects of toxic trace elements promoting a decrease in the levels
of thyroid hormones (T, T,) and imbalance of pituitary hormones (TSH) were detected. Addi-
tion of toxic trace elements to the ration of experimental rats led to their accumulation in the
thyroud (0.051 pg/g Pb and 0.190 pg/g Cd). Negative correlations between the levels of toxic
and essential trace element accumulation in the organ were detected. Essential trace elements
zine and selenium involved in thyroid hormone mewmbolism promoted normalization of the
thyroid function. A complex of essential trace elements (1, Se, and Zn) was recommended for
correction of mineral metabolism under conditions of iodine deficiency and thyroid hypofunc-
tion and in exposure to toxic trace elements

Key Words: thyroid; imbalance; mineral metabolism; hormones; corvection

Numerous studies demonstrate the role of essential  roid system and measured the content of essential and
and toxic trace elements in the formation of func-  toxic trace elements in the thyroid gland
tional status of the thyroid and in iodine metabolism;

however, consumption and accumulation of chemical P ATERIALS AND METHODS

clements in the organ over the course of exposure re-
ceived insufficient attention [1,7]. The adequate status  The study was carried out on Wistar rats (n=51). The

YA complex of essential frace elements (I, Se, and
/n) was recommended for correction of mineral
metabolism under conditions of iodine deficiency
and thyroid hypofunction and in exposure to foxic
tfrace elements.”
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Potential Influence of Selenium, Copper, Zinc and
Cadmium on L-Thyroxine Substitution in Patients with
Hashimoto Thyroiditis and Hypothyroidism

.} Trifunovic’, |. Mutic®

Ny s Abstract Ba. Be, Fb and Ni) from the blood of 22 female,
e et v patients with Hashimoto thyroiditis and overt
= jz"_::ﬂ" Background: Besides penetic factors. it is  hypothyroidism, and compared it with those of
i known that some trace clements, as Sclenium, 55 female healthy persons. We tried to establish
Copper, and Zinc are essential for thyroid gland  the presence of any correlation between previ-
fuction and thyroid hormone metabolism. More-  ous mentioned elements and thyroid function in
owver, there were some metals effect that sug-  hypothyroid patients and healthy participants
gested patterns associated with overt thyroid Concdusions: The results of our study sug-
discase gested that the blood concentration of essential
Atm of study: Hashimoto thyroidits (HT)L trace elements, ripcn.'llly the ratio ol Cuppﬂ_
chronic autoimune inflamation of thyroid gland  and Seclenium may infiuence directly thyToid
with cosequiive hipothyroidism, is common dis-  function in patients with HT and overt hypothy-
ease in Serbia, and we thought it is worthwile to  roidism
explore potential effects of essential and toxic  Thus, our findings may have implication (o life-
metals and metalloides on thyroid function and  long substitution therapy in terms of l-thyroxine
ability to restore cuthyroid status of them dose reduction. Furthermore, lor the first tme,
Result This cross-sectional caze-conirol,  our study shown potential voxic effect of Cad-
study investigated the status of essential ele- mium on thyroid function in HT patients, which
ments [ScleniumCopperand Zinc) and toxic  may implicate the dose of |-thyromine substitu-
metaly and metalloides [Al, Cr, Mn, Co, As, Cd, Sb,  tion

02 MG

“Thus, our findings may have implication fo lifelong
substitution therapy In terms of |-thyroxine dose
reduction. Furthermore, for the first time, our study
shown potential toxic effect of Cadmium on thyroid
function in HT patients, which may implicate the
dose of |-thyroxine substitution.”
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Toxicological effects of toxic metals (cadmium and mercury) Dprintes
on blood and the thyroid gland and pharmacological intervention

by vitamin C in rabbits
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Abstract

Cadriuum and mercury are noo-tiodegradable toxic metals that may cawse muny deinmental effects to the thyrosd gland and
blood. Vitamin C has been found to be a significant cham-bresking antioxdant and enzyme co-facior against metal toxicity and
thus make them less available for ammals. The cwrrent study was performed to find the effect of individual metals (cadmium and
mercury), their co-administration, and the amehorative effects of vitamin C on some of the parameters that indicate oxidative
stress and thyroid dysfunction. Cadmium chloride (1.5 mg/kg), mercuric chionde (1.2 mg/kg). and vitamin C {150 mg/'kg of body
weight) were onlly adminisiered to cight treatment groups of the rabbits (1. control; 2. Vit C; 3. CdCly: 4. HgCl; 5. Vi C +
CdCly; 6. Vit C + HegClls; 7. CdCly + HgCly, and 8. Vit C + CACl; + HgCl). After the biometric measurements of all expenmental
rabbits, biochemical parameters viz. tmdothyromne (T,), thyroxme (T,). thyrod-stimulating hormone {TSH), and tnghycendes
were measured using commercially available kits. The results exhibrted significant dechine (p < 0.05) in mean hemoglobin,
corpuscular hemoglobin, packed cell volume, Ty (0.4 +0.0 ng/ml), and T,y (26.3 % 1.6 ng/ml) concentration. While, TSH
(0.23 20,01 amoll) and tmglyceride (4,42 + 0,18 nmaol1) were significantly. (p < 0.05) increased but chemo-treatment with Vit
C reduces the effects of Cd. Hy, and their co-adminisiration but not reguined the values similar to those of controls. This indicates
that Vit C had a shiclding effect on the possible metal toxiciy. The Cd and Hg also found to accumulate m vital organs when
measured by atomic absorption spectrophotometer. The metal concentration trend was observed as follows: kidney > liver>
hean > lungs, It was concluded that Cd and Hy are toxic and tended to bissccumulate in different ongans and their toxic action can
be subdued by vitamn C in biological systens

Keywords Thyroid - Toxic metals - Trace elements - Bioaccumulation - Antioxidants

Introduction

Raporsiible editor: Phalippe Garrigues

Toxic mctals are non-odegradable and their existence in ¢n-

B0 Shuukis Al vironment is 8 major concern as they cause severe damage to
almaacatali | 1448 yaloo, com the animal body even at low dosage. Various risk [sctors are
linked with human health reganding toxic metal entry into

' Deopertenent of Zoology, The University of Azsd Jammess sad food chain (Sarwar et al. 201 7; Tay et sl 2009). Both anthro-

“It was concluded that Cd and Hg are toxic and

tended to bioaccumulate in different organs and

thelr toxic action can be subdued by vitamin C in
biological systems.”



Multiple Nutritional Factors and the Risk of
Hashimoto's Thyroiditis

Shiglan Hu 1 2 Margaret P Rayman 12

Affiliations + expand

PMID: 28280237 DOl 10.1089/thy.2016.0635

Abstract

Background: Hashimoto's thyroiditis (HT) Is considered to be the most
common autoimmune disease, It is currently accepted that genetic
susceplibility, environmental factors, and immune disorders contribute to its
development. With regard to nutritional factors, evidence implicates high
lodine intake and deficiencies of selenium and iron with a potential relevance
of vitamin D status. To elucidate the role of nutritional factors in the risk,
pathogenesis, and treatment of HT, PubMed and the Cochrane Library were
searched for publications on iodine, iron, selenium, and vitamin D and
risk/treatment of HT

Summary: Chronic exposure (o excess lodine intake induces autolmmune
thyroiditis, partly bacause highly iodinated thyroglobulin (Tg) is more
immunogenic. Recent introduction of universal salt iodization can have a
similar, though transient, elfect. Selenoproleins are essential to thyroid
action. In particular, the glutathione peroxidases protect the thyroid by
removing excessive hydrogen peroxide produced for Tg iedination. Genetic
data implicate the anti-inflammatory selenoprotein 5 in HT risk. There is
evidence from abservational studies and randomized controlled trials that
selenium/selenoproteins can reduce thyroid peroxidase (TPO)-antibody titers,
hypothyroidism, and postpartum thyroiditis. Iron deficiency impairs thyroid

matahnliem TOO the anrumn racnangibls fare tha aradoctine of thursid

“Clinicians should check patients' iron (particularly
IN menstruating women) and vitamin D status to
correct any deficiency. Adequate selenium intake
IS vital In areas of iodine deficiency/excess, and in
regions of low selenium intake a supplement of 50-
100 ug/day of selenium may be appropriate.”
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Interacting effects of sclected trace and toxic metals on thyroid
function

Ram B. Jain®"* and Y. Sammy Choi®

'Ilg'p(:rrrm('n.' of Clinical Investigation, Womack Army Medical Center, Fort Bragg. NC, USA;
*Empiristar, Inc., M Airy, MD, USA

(Received 5 Docember 20014; final version recetved | Januwary 201 5)

2 January 2018

Interacting effects of blood levels of manganese (Mn), selenivm, cadmium (Cd), lead
(Pb), and mercury, and serum levels of won (Fe), zine (Zn), and copper (Cu) on thy-
roid function in genmeral US population were evaluated. Data from the MNational
Health and Nutntion Examination Survey for 2011-2012 were used for this evalua-
tion. The vanablex used to evaluate thyroid function were & follows: thyroid-stimu-
lating hormone, free and total triiodothyronine (FT3, TT3), freec and total thyroxine
(FT4, TT4), and thyroglobulin (Tg). Levels of FT4 were positively associated with
the levels of copper and negatively associated with the levels of Fe for males only.
Elevated levels of Mn and Fe were associated with increasced levels of FT3 for both
males and females. TT4 had a positive association with the levels of Cu and a
negative association with the levels of Fe for both males and females.

LIBRARIES] at03:370

.

Kevwords: manganese; iron; copper; zing, cadmiom; lead; mercury; selenium;
thyroid

DELAIDE

“Levels of FT4 were positively associated with the
levels of copper and negaftively associated with the
levels of Fe for males only. Elevated levels of Mn
and Fe were associated with increased levels of FT3
for both males and females. TT4 had a positive
association with the levels of Cu and a negative
association with the levels of Fe for both males and
females.”



RELATIONSHIP OF THYROID
TO OTHER HORMONES

« Hypothyroidism associated with less deactivation
of cortisol to cortisone (hyperthyroidism -
opposite)

» Hypothyroidism stimulates CYP3A4 = increased
production of 16aOHET

» Hypothyroid decreases concentration of SHBG -
more bioavailable E2 and testosterone

« Hyperthyroid increases SHBG - less bioavailable
E2 and testosterone




: THYROID AND
OTHER HORMONES

« High adrenal activity impairs 5" deiodinase -
nigher T4, lower T3, normal or elevated TSH

« Low adrenal activity may result in lower T4, higher
13, normal or elevated TSH

« EXCESS adrenalin can desensitize T3 receptors 2>
13 resistance, higher 13, despite symptoms of
hypothyroid

» Excess adrenalin 2 body compensates by
lowering T4 - symptoms of hypothyroid - patient
iIntfolerant of thyroid supplementation (always
balance adrenals 1)

Hays B 2005
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THYROID DISORDERS:
A METABOLIC APPROACH

Filomena Trindade, MD, MPH, AAARM, ABFM,
ABOIM, IFMCP

Email: info@drtrindade.com
www.drtrindade.com ®
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