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Subclinical hypothyroidism (TSH 1)

Subclinical Hyperthyroidism (TSH |)



Physiology

Thyroid Hormone Signaling and Homeostasis

Ther\d dysmnCtion nthe e‘der‘y DUTIN RSN {enorie Reviws 34:56-688, 2015

K!'JISUIE'H BOEI&EYT Nat RE'V. Eﬂd@CﬂﬂU’. 9’ 1 94_ 204 {201 3) J. Bowers,* ). Terrien,* M. S. Clerqet-Froidevaux, J. D. Gothié, M. P. Rozing,

R. G. J. Westendorp, D. van Heemst, and B. A. Demeneix




Age-induced changes to thyroid

« Anatomical
— nodularity

 HP Thyroid- axis
— thyroid function (TH)
— thyroid autoimmunity (TAI)



Anatomical changes

A general trend is thyroid gland atrophy; characterized by a reduction in
weight and size of follicles, a decrease in colloid content, and subtle
degree of diffuse fibrous interstitial expansion (Figure 1).

... by contrast, several other studies have identified an increase in
thyroid size and weight as well as higher incidences of nodular
disease with advancing age.



Very high prevalence of thyroid nodules detected by
high frequency (13 MHz) ultrasound examination

S. Guth, U. Theune, J. Aberle, A. Galach and C. M. Bamberger

Medical Prevention Center Hamburg at the University Medical Center Hamburg-Eppendorf, Hamburg, Germany

Eur J Clin Invest
2009; 39 (8): 699-706
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Figure 2 Prevalence of goiter, thyroid nodules and healthy
thyroids in women and men of different age groups.
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All men
Figure 1 Mo abnormalities, diffuse goiter, nodulous goiter and

non-goiter thyroid nodules in total and gender specific. == Total

Table 1 Study population (age and gender distribution)

T T

Study Minimum Maximum Medium <40y (n =66) 41-60y(n=2309) =60y (n=260)

population () age (years) age (years) age (years) A ( ]
e groups (years

Female 212 (33%) 19 86 566 =+ 11-8 ge g psty

Male 423 (67 %) 27 93 568 + 120

Figure 3 Increasing occurrence of thyroid nodules with age by
Total 635 (100%%) 19 93 56-7 = 119 ge nder and in total.




HPT axis changes
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FiG. 4. Comparison of the effect of risk factors on high serum TSH (=4.5 mIU/liter) in blacks and whites. When comparing high TSH
concentration in the diseaze-free population (excludes those people who have reported having thyroid disease, goiter, or taking thyroid
medications) with the reference population (excludes those people who reported having thyroid disease, poiter, or taking thyroid medications
and who do not have risk factors that include pregnancy, taking estrogen, androgens, or lithium, and are without the presence of thyroid
antibodies or biochemical evidence of hypothyroidism or hyperthyroidism), the significant effect of risk factors in whites is not seen in blacks.
In the reference population, the prevalence of high TSH in whites does not increase until age 70 yr.

Serum TSH, T(4), and thyroid antibodies in the United States
population (1988 to 1994). National Health and Nutrition Examination
Survey (NHANES lll). Hollowell JG et al. JCEM 2002 87:489-99.
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Thyroid autoimmunit
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Subclinical hypothyroidism (TSH 1)

Subclinical Hyperthyroidism (TSH |)



* MORBIDITY

— General symptoms

— Lipids

— Atherosclerosis, Cardio Vascular aspects
— Cognitive aspects

— Frallty / Bone

 MORTALITY
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e Definition
e Causes / Prevalence



High serum TSH (above the upper limit of
the assay)

&
Normal FT4



Prevalence
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The Colorado Thyroid Disease Prevalence Study
Arch Intern Med. 2000



Causes of SCH

Table 2 Causes of SHypo and raised TSH levels

Causes

Details

Autoimmune hypothyroidism

Previously treated thyroid
or neck disease

Drugs

Inadequate treatment
of thyroid disease

Transiently raised TSH levels

Systemic diseases with
thyroid involvement

TSH receptor gene mutations

Pituitary tumours secreting
low bioactivity TSH

Usually associated with positive thyroid
autoantibodies and/or hypoechogenic
appearance on ultrasound

History of radioiodine or surgical treatment

Lithium, amiodarone, anticonvulsants

(due to increased T4 metabolism),
interferon, sunitinib

Non-compliance, undertreatment with
thyroid hormones, malabsorption, interaction
with other substances (iron, calcium);
overtreatment with antithyroid drugs

Non-thyroidal illness (recovery phase)
Sarcoidosis, amyloidosis, lymphoproliferative
disorders, haemochromatosis

Several loss of function gene mutations
have been found in non-autoimmune SHypo

SHypo, subclinical hyperthyroidism; TSH, thyroid stimulating hormone; T4, thyroxine.




Spontaneous evolution of SCH

In a study of 422,242 persons with SCH (5.5 to <10 mU/L), during 5
years FU, TSH became normal in 62 % of patients.

- normalization of serum TSH is more likely to occur in patients

*without TAI / *TSH <10 mU/I / *within the first 2 years after diagnosis

20 years FU study of the Wickham survey, evolution to overt
hypothyroidism

4% [ year in women with raised TSH and thyroid antibodies
3% / year if only TSH is raised
2% [ year if only thyroid antibodies

Spontaneous normalization of thyrotropin
concentrations in patients with subclinical Vanderpump et al., Clin Endocrinol, 1995
hypothyroidism. Diez JJ, et al. JCEM 2005



Subclinical Hyperthyroidism (sch)

Low serum TSH &
Normal FT4 and FT3




Degrees of (s)hyperthyroidism

Overt K Grade Il subclinical ~ Grade | subclinical
hyperthyroidism  thyrotoxicosis  hyperthyroidism hyperthyroidism

SH <01mUl  <0.1mUl <0.1mUl 0.1-0.4 mul
FT4 H Normal  Norma Normal
FT3 H Hi Normal Normal
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Serum thyrotropin
measurement in the community

422242 patients included

No history or treatment for thyroid disorders

95 % normal TSH (0.35-5.5 mU/l)

1.2% decreased TSH (< 0.35 mU/I)

3 % were elevated TSH (> 5.5-10 mU/L)

0.7 % were highly elevated TSH (> 10 mu/l)

Serum thyrotropin measurements in the community: five-year follow-up in
a large network of primary care physicians.
Meyerovitch J et al. Arch Intern Med. 2007



Thyrotoxicosis with hyperthyroidism (normal or high radioactive iodine uptake)

Effect of increased thyroid stimulators
TSH-receptor antibody

Inappropriate TSH secretion
Excess hCG secretion
Autonomous thyroid function

Activating mutations in TSH receptor or
G.a protein

Graves' disease

TSH-secreting pituitary adenoma; pituitary resistance
to thyroid hormone

Trophoblastic tumours (choriocarcinoma or
hydatidiformm mole); hyperemesis gravidarum

Solitary hyperfunctioning adenoma; multinodular
goitre; familial non-autoimmune hyperthyroidism

Thyrotoxicosis without hyperthyroidism (low radioactive iodine uptake)

Inflammation and release of stored hormone
Autoimmune destruction of thyroid gland
Viral infection™

Toxic drug effects

Bacterial or fungal infection
Radiation
Extrathyroidal source of hormone

Excess intake of thyroid hormone

Ectopic hyperthyroidism (thyroid hormone
produced outside the thyroid gland)

Ingestion of contaminated food
Exposure to excessive iodine

Jod-Basedow effect

Silent (painless) thyroiditis; post-partum thyroiditis
Subacute (painful) thyroiditis (De Quervain thyroiditis)

Drug-induced thyroiditis (amiodarone, lithium,
interferon o)

Acute suppurative thyroiditis
Radiation thyroiditis

Excess exogenous thyroid hormone (iatrogenic or
factitious)

Struma ovarii; functional thyroid cancer metastases

Hamburger thyrotoxicosis?

lodine-induced hyperthyroidism (iodine,
iodine-containing drugs, radiographic contrast agents)

TSH=thyroid-stimulating hormone. hCG=human chorionic gonadotropin. G,a=G protein alpha subunit. * Aetioclogy is

not definitive.




Table 1. Clinical characteristics of the patients with hyperthyroid according to the different aetiologies

Actiology

Sex (F/M)

Smoking Habit
Current Smoker
(%) [Previous or

Agef (vears)  kg/m’ none smoker (%)  Clinical Signs, % (n)

Screening , % (1)

Graves disease 802
Ist episode
Graves disease 330

TECUITENCe

§1%/19%

§9%/11%

43+ 14

4 £15

91 (732)

Multinodular goitre 121

83%/17%

04 £ 16

Toxic adenoma 69

H(Jr

Fov

59+ 14

latrogenic causes” 112

67 13

Sub-acute thyroiditis 40
Others 52

HHU; 1

/

f (lr
289%/72%

f (lr
67%/33%

43+ 14
S ER

9 (69)

15 ()

36 (4)
36 (25)
52 (58)
17.(7)
19 (10)

*(amiodarone, Interferon) fmean + SEM.

B. Goichot et al. Clinical presentation of hyperthyroidism in a large representative
sample of outpatients in France: relationships with age, aetiology and hormonal parameters.

Clin Endo 2016




Thyrotoxicosis with hyperthyroidism (normal or high radioactive iodine uptake)

Effect of increased thyroid stimulators
TSH-receptor antibody

Inappropriate TSH secretion
Excess hCG secretion

Autonomous thyroid function

Activating mutations in TSH receptor or

G.a protein

Graves' disease

TSH-secreting pituitary adenoma; pituitary resistance
to thyroid hormone

Trophoblastic tumours (choriocarcinoma or
hydatidiformm mole); hyperemesis gravidarum

Solitary hyperfunctioning adenoma; multinodular
goitre; familial non-autoimmune hyperthyroidism

Thyrotoxicosis without hyperthyroidism (low radioactive iodine uptake)

Inflammation and release of stored hormone

Autoimmune destruction of thyroid gland

Viral infection™

Toxic drug effects

Bacterial or fungal infection
Radiation

Extrathyroidal source of hormone

Excess intake of thyroid hormone

Silent (painless) thyroiditis; post-partum thyroiditis
Subacute (painful) thyroiditis (De Quervain thyroiditis)

Drug-induced thyroiditis (amiodarone, lithium,
interferon o)

Exogenous sch is more frequent than

the endogenous variant.

Ectopic hyperthyroidism (thyroid ho Of those tak|ng IeVOtherXine, 20—40%

produced outside the thyroid gland)
Ingestion of contaminated food
Exposure to excessive iodine

Jod-Basedow effect

have a low serum TSH concentration.

lodine-induced hyperthyroidism (iodine,
iodine-containing drugs, radiographic contrast agents)

TSH=thyroid-stimulating hormone. hCG=human chorionic gonadotropin. G,a=G protein alpha subunit. * Aetioclogy is

not definitive.




High Frequency of and Factors Associated

with Thyroid Hormone Over-Replacement and
Under-Replacement in Men and Women Aged 65

and Over

JCEM 94: 1342-1345, 2009

Lily L. Somwaru, Alice M. Arncold, NMeha Joshi, Linda P. Fried, and Anne R. Cappola
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FIG. 1. Thyroid function tests among participants taking all types of thyroid
hormone preparations {(A), only T, preparations (B), and only T4 plus T3

preparations (C).
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DD

1/ Confounding conditions

2/ Confounding factors
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Drugs causing abnormal thyroid function tests without thyroid dysfunction

Low serum TBG - androgens, danazol, glucocorticoids, slow-release niacin (nicotinic acid), --asparaginase

High serum TBG - estrogens, tamoxifen, raloxifene, methadone, S-fluouracil, clofibrate, heroin, mitotane
Decreased T4 binding to TBG - salicylates, salsalate, furosemide, heparin (via free fatty acids), certain NGAIDS
Increased T4 clearance - phenytoin, carbamazeping, nifampin, phenobarbital

Suppression of TSH secretion - dobutamine, alucocorticoids, octreatide




T4 metabolism in nonthyroidal illness

I N 1 .
— , NH2
- I." lI.I . I." lI.I e i
HO={, 0 — 00—, o~ CHI-CH,
= I " COOH

/ AN
» \

, NH2 , NH2

i Iill LY . £ I'l.. o
Ho=(, ) —0={, )= CH2-CH,

- ."II kY . ! II". e ey
Ho={, p—0={ /)= CHI-CH, .
% i % i * CO0OH % / % ¥ * CO0OH

B 5'-monodeiodinase inhibition reduces T3 production and rT3 metabolism

The inhibition of 5'- monodeiodinase in nonthyroidal iliness leads to decreased conversion
of T4 to T3 and reduced metabolism of rT3.

rT3: reverse triiodothyronine; T2: diiodothyronine; T3: triiodothyronine; T4: thyroxine.



NTI

« T cytokines
» IL-1, IL-6, TNF-a
» inhibiting 5’-D activity
» Il'also an age-related increase in cytokines

* nutrition status
— starvation / low proteins, Se
— high corbohydrates, low leptine, low TRH

“protective” low T3 ?




Table 1 | Diagnostic tests of nonthyroidal liness vs subelinical hyperthyroidism

Laboratory tests  Nonthyroidal illness* Subclinical hyperthyroidism?

TSH Normal or low or undetectable ~ Undetectable or low

Total T, Normal or low Normal to high normal
FreeT, Normal or low Normal o high normal
Total T. Normal to high normal
Free T, Normal to high normal

Reverse T, Normal




« Try » NOT to determine thyroid
function tests during a period of
IIness, fever, corticoid treatment ...
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Evolution of SCH to HT

Overt T3 Grade | subclinical
hyperthyroidism  thyrotoxicosis hyperthyroidism
TSH <0.1 mU/l <0.1 mU/l  <0.1 mU/ 0.1-0.4 mU/|
FT4 Hi Normal Normal Normal
FT3 Hi Hi Normal Normal

12 months follow up \

76% returned to normal
87% remained <0.1

Parle JV et al. 1991 Clin Endo



| Suspected thyrotoxicosis ‘

v
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Free T, or free T, index
Total T, or free T,
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« Thyroiditis
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« Excess exogenous thyroid hormone (iatrogenic
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= Toxic multinodular
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= Toxic solitary
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Figure 2: Algorithm for the assessment of thyrotoxicosis
T.=tri-iodothyronine. T =thyroxine. TRAb=TSH-receptor antibodies. TSH=thyroid-stimulating hormone. TRAb=TSH-receptor antibodies. TSI=thyroid-stimulating

immunoglobulins.




SCH = high serum TSH (above reference range)
and normal FT4

sch =low serum TSH (under reference range/ suppressed)
with normal FT4 and FT3

Think about the degrees of sch!
Don’t measure TT in sick patients

Check sligthly high/low TSH levels 2-3 months later,
before starting a treatment

Think about interfering medications # thyroid disease
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« Associations / Treatment evidence



* MORBIDITY

— General symptoms

— Lipids

— Atherosclerosis, Cardio Vascular aspects
— Cognitive aspects

— Frallty / Bone

 MORTALITY



* General symptoms
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Table 6. Individual Symptoms*

Sensitivity, % Specificity, %

Current symptoms
Hoarse voice
Deep voice
Constipation

Changed symptoms
Hoarser voice
Deeper voice
Drier skin
Feeling colder
More tired
Puffier eyes
More muscle cramps
Weaker muscles
More constipation
Slower thinking
Poorer memory

population, elevated th
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FIG. 1. A, Number of symptoms of hyperthyroidism reported by
patients in the respective age groups, indicating that the majority of
patients aged older than 61 yr reported a maximum of two symptoms.
The lowest proportion of patients reporting five or more symptoms
was found in patients older than 61 yr. B, Number of symptoms of
hyperthyroidism reported by patients after exclusion of those taking
B-blockers or amiodarone.

Boelaert, K., et al. Older individuals with hyperthyroidism present with a
paucity of symptoms and signs: a large cross-sectional study. JCEM 2010.




Clinical Endocrinology (2016) 84, 445-451 doi: 10.1111/cen.12816

ORIGINAL ARTICLE

Clinical presentation of hyperthyroidism in a large representative
sample of outpatients in France: relationships with age,
aetiology and hormonal parameters

B. Goichot*t, Ph. Caron%, F. Landron§ and S Bouéef|

Table 4. Influence of age on clinical symptoms and signs of
hyperthyroidism

<65 years old =65 years old P-value

1301 269
Palpitations 965 (76-0%) 135 4% =<(0-0001
Asthenia 949 (74-7%) 170 5%) 0-0433
Gastrointestinal signs 351 (27-6%) 52 0%a) 00296
Heat intolerance. 692 (54-5%) 74 8%a) =<(0-0001
polydypsia. excess
sweating
Sleep disturbance 3 (42-8%) ) (28-29%) =<(0-0001
Other symptoms (37-1%0) 3 (31-5%0) 00912
Cardiac dysrhythmias. 34 (11-89) (33-9%) <0-0001
atrial fibrillation or others ’ ’
V'trc*ight loss 9% i (64-6%0) (66-5%0) 0-5714
Weight loss in kg 9 (4.2) -3 (4:2) 0-1932
(standard dewviation)
Tachycardia (68-6%%) (44-1%) =<(0-0001
Beats/minute (14-9) (17-8) 00366
Visible goltre k (38-4%) (15-4%) <0-0001
Other physical signs (11-9%) 3 (12-39%) 0-8449




European Journal of Endocrinology (2005) 153 747753 ISSMN 0804-4643

CLINICAL STUDY

Cognitive functioning and well-being in euthyroid patients on
thyroxine replacement therapy for primary hypothyroidism

Ellie M Wekking, Bente C Appelhof”, Eric Fliers', Aart H Schene, Jochanan Huyser, Jan G P Tijssen”
and Wilmar M Wiersinga'

Department of Psychiatry, ' Department of Endocrinology and Metabolism, and 2 Department of Cardiology, Academic Medical Centre,
University of Amsterdam, Amsterdam, The Netherlands

Abstract

Objective: Hypothyroidism is associated with neurocog.nitive impairment. Sparse data suggest that
treatment of hypothyroidism, resulting in a return to eanthyroidism, may be associated with only par-
tial recovery of overall neurocognitive functioning. The aim of this study was to assess neurocognitive
functioning and well-being in euthyroid patients with primary hypothyroidism on adequate thyroxine

(T4) treatment. We also investigated whether serum TSH and thyroid antibodies are determinants of
neurocognitive functioning and well-being.

Design: We assessed neurocognitive functioning and well-being in 141 patients with primary
hypothyroidism.

Methods: Neurocognitive test results and scores on questionnaires measuring well-being of 141
patients were compared with the reference values for these tests as published and used in Dutch clini-
cal neuropsychological practice. Assessment of neurocognitive functioning included tests for cognitive
or psychomotor speed, attention, working memory as well as learning and memory. Well-being was
measured with the Symptom Check List-9() total score and the Rand 3 6-item Health Survey subscales
for ‘mental health’ and ‘vitality’.

Results: Patients showed poor performance on various domains of neurocognitive functioning com-
pared with mean standard reference values, especially on a complex attention task and on verbal
memory tests. Levels of well-being were significantly lower for patients compared with those of the
general population. Neither serum TSH nor thyroid antibodies were determinants of neurocognitive
functioning and well-being.

Conclusion: The results ol this study suggest that neurocognitive lunctioning as well as psychological
well-being may not be completely restored in patients with hypothyroidism, despite T4 treatment.
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Neuropsychological Function and Symptoms in Subjects

with Subclinical Hypothyroidism and the Effect of
Thyroxine Treatment (mean age 60 years)

Rolf Jorde, Knut Waterloo, Hilde Storhaug, Audhild Nyrnes, Johan Sundsfjord, and Trond Geir Jenssen

Institute of Clinical Medicine (R..J., KW.), University of Tromsg, 9037 Tromse, Norway; Departments of Internal Medicine
(H.S., A.N.) and Clinical Chcmzai‘n (J.5.), University Hospital of North Norway, 9038 Tromse, Norw ey; and Department of
\epkmfﬂﬂ\ (T.G.J.), National Hospital, 0027 Oslo, Norway

Conclusion:

In subjects with SHT (TSH in the 3.5-10.0 mIU/L
range), there is no neuropsychological
dysfunction, compared with healthy controls

| T4 substitution had no effect on any of the
parameters measured



Symptoms are less frequent in older
patients and not-sensitive for thyroid
dysfunction
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Lipids



Colorado survey: statistically higher total and LDL cholesterol in subjects
with mild thyroid failure vs. euthyroid subjects ( TC 224 mg/dI, vs.216 mg/dl)

Canaris et al.,, 2000 Arch Intern Med 160(4):526-34
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Table 3. Mean Lipid Levels by Disease State*

Total LDL HDL
Cholesterol, T Cholesterol,{ Cholesterol, Triglycerides,
mmol/L mmol/L mmol/L mmol/L
Disease State  (mg/dL) (mg/dL) (mg/dL) (mg/dL)

Hypothyroid 6.5 (251) 44 (170) 1.4 (53) 2.0 (180)

Subclinical 0.8 (224) 3.8 (146) 1.4 (53) 1.8 (156)
hypothyroid

Euthyroid 5.6 (216) : 1.3 (51) 1.7 (147)

Subclinical 5.4 (210) ! 1.5 (56) 1.6 (141)
hyperthyroid

Hyperthyroid 5.2 (202) 1.3 (50) 1.6 (140)

*LDL indicates low-density lipoprotein; HDL, high-density lipoprotein.
T Trend analysis, P<<.001.
Trend analysis, P = .02.

The Colorado Thyroid Disease Prevalence Study Arch Intern Med. 2000



Treatment evidence

TSH <12 miU/L. (n=18) TSH >12 mIU/L (n=13)
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Figure 3. Effect of L-thyroxne treatment on serum LDL-C in subsets of patients in relation to TSH and LDL-C levels at baseline
(paints, mean; boxes, £1. 00 3E; bars, £1.96 SE).

Meler et al. 2001
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Subclinical Hypothyroidism and Cardiac Function

Bernadette Biondi," Emiliano A. Palmieri,? Gaetano Lombardi,’” and Serafino Fazio?

l’ Subclinical hypothyroidism —l

Heart Vascular smooth muscle

Slowed LV relaxation at rest Increased vascular tone at rest

| |

Impaired LV diastolic filling Impaired peripheral vasodilation
On egxercise on exercise

!

LV systolic dysfunction on effort




Functional cardiac effects of SHyper

Resting tachycardia

|V hypertrophy

ncrease LV mass index

ncrease cardiac workload

Diastolic dysfunction (impaired relaxation)
ncreased systolic function at rest
mpaired systolic response to excercise

Biondi, Kahaly, Klein and others



The Influence of Age on the Relationship between
Subclinical Hypothyroidism and Ischemic Heart

Disease: A Metaanalysis JCEM 2008

Salman Razvi, Abdul Shakoor, Mark Vanderpump, Jolanta U. Weaver, and Simon H. S. Pearce

Longitudinal or cross sectional studies of
Independent community-based subjects

14 studies fitted stringent criteria
2,531 SCH/ 26,491 euthyroid individuals

Divided studies according to age of inclusion
e <65 yr vs 65 and above: median 60 & 74 yr



IHD prevalence in cross-sectional studies of
SCH & euthyroid controls

Study IHD prevalence (random) IHD prevalence (random)
or sub-category 95% Cl 95% Cl

Younger < 65 yrs

Ems,
ITEIZLmI
kovetry
Takashima
Tunbridge
“Yolzke
Walsh
Subtotal (95% CI)
Test for heterogenety: Chi* = 3.86, df = 6 (P = 0.13),
Test for overall effect. £ =3.20(P=0.001)

Older > 65 yrs

Cappola ——

Lindeman

Fodaondi T

van den Beld

Wilson "
Subtotal (95% CI) S o
Test for heterogeneity: Chi* =168, df =4 (P =0.79), | = 0%
Test for overall effect: Z=013 (P =090}

Total (95% ClI) *
Test for heterogeneity: Chi* =19.97 df =11 (P=003),F=449%
Test for overall effect: £ =220 (P = 0.03)

2
High in SCH
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Study Incident IHD (random) Incident IHD (random)
or sub-category 5% Cl 95% Cl
Younger

Hak - ' 4 2.50 [0.69, 9.01])
Vanderpump i 1.51 [(1.00, 2.28])
Walsh —a— 1.80 [1.20, Z2.69]
Subtotal (95% CI) i 1.68 [1.27, 2.23]

Test for heterogeneity: Chi* =0.73,df=2(P=0869), P =0%
Test for overall effect: Z = 363 (P = 0.0003)

Older

Cappola —i— 15075 [0:90; 1273
Rodondi —a— 0.85 [0.58, 1.25]
Subtotal (95% CI) - 1.02 [0.85, 1.22]

Test for heterogenety: Chi* =112, df=1(P=029), F=109%
Test for overall effect. Z =022 (P =0.863)

Total (35% CI) 127 [D.:98; 1:69]
Test for heterogeneity: Chi* =10.79, df =4 (P = 0.03)| P = 629%

Test for overalleffect Z=160(P=0.11)

02 05 1 2 S
High in euthyroidism  High in SCH




Cardiovascular mortality in longitudinal studies of
SCH & euthyroid controls

=tuchy IHD mortality (random) IHD mortalty (random)
ar sub-categary 95%: Cl Q5% Cl

Younger
IMMERIEZAT

Parle
Yanderpump
Wialksh
Subtotal (95% CI
Test for heterogenetty: Chi? =229, df = 3 (P = 0.52),
Test for overall effect Z=227 (P=002)

Older

Cappola

Gussekloo

Rodondi =

van den Beld 4 -
Subtotal (95% CI) —-*-—
Test for heterogeneity: Chi2 =777, df = 3 (P = 0.05),
Test for overall effect: Z=077 (P =0.44)

Total (95% Cl)

Test for heterogenetty: Chi*=14.43 df =7 (P=0.04) P = 51 5%

Test for overall effect: £ =065 (P =0.52)
[ll.z l]l.5 2
High in euthyroidism  High in SCH




Subclinical Hypothyroidism and the Risk of Coronary Heart
Disease and Mortality JAMA 2010

Dr. Nicolas Rodondi, MD, MAS, Ms. Wendy P. J. den Elzen, MSc, Dr. Douglas C. Bauer, MD,
Dr. Anne R. Cappola, MD, ScM, Dr. Salman Razvi, MD, FRCP, Dr. John P. Walsh, MBBS,

FRACP, PhD, Dr. Bjorn ©. Asvold, MD, PhD, Dr. Giorgio lervasi, MD, Dr. Misa Imaizumi, MD,
PhD, Dr. Tinh-Hai Collet, MD, Dr. Alexandra Bremner, PhD, Mr. Patrick Maisonneuve, Ing,
Dr. José A. Sgarbi, MD, Dr. Kay-Tee Khaw, MD, Dr. Mark P. J. Vanderpump, MD, FRCP, Dr.
Anne B. Newman, MD, MPH, Dr. Jacques Cornuz, MD, MPH, Dr. Jayne A. Franklyn, MD,
PhD, FRCP, Dr. Rudi G. J. Westendorp, MD, PhD, Dr. Eric Vittinghoff, PhD, and Dr. Jacobijn
Gussekloo, MD, PhD for the Thyroid Studies Collaboration

55,287 participants; 3,450 with SCH (6.2%)
Information derived from 11 studies
9664 deaths:; 2168 from CHD

SCH defined as TSH 4.5-19.99 mU/l (N FT4)

Patient-level analysis



Patient-level analysis: TSH

CHD Events by HR Ratio Decreased : Increased
TSH Level, mIU/L® (95% Cl) Risk @ Risk
0.5-4.49 1 [Reference] |
4.5-6.9 1.00 (0.86-1.18) -
7.0-9.9 1.17 (0.96-1.43) M
10-19.9 1.89 (1.28-2.80) —
CHD Mortality by P<.001 for trend
TSH Level, mIU/L®
0.5-4.49 1 [Reference] 0
4.5-6.9 1.09 (0.91-1.30) "
7.0-9.9 1.42 (1.03-1.95) -
10-19.9 1.68 (1.10-2.27) — e
Total Mortality by P =.005 for trend
TSH Level, miu/Ld
0.5-4.49 1 [Reference] O
4.5-6.9 1.06 (0.96-1.17) =
7.0-9.9 1.02 (0.84-1.24) -
10-19.9 1.22 (0.80-1.87)

P =.39 for trend

0.2 0.5 1 2 5
HR (95% Cl)



Patient-level analysis: TSH

CHD Events by HR Ratio Decreased : Increased
TSH Level, mIU/L® (95% Cl) Risk @ Risk
0.5-4.49 1 [Reference] |
4.5-6.9 1.00 (0.86-1.18) -
7.0-99 1.17 (0.96-1.43) il
10-19.9 1.89 (1.28-2.80) —
CHD Mortality by P<.001 for trend
TSH Level, mIU/L®
0.5-4.49 1 [Reference] 0
4.5-6.9 1.09 (0.91-1.30) "
7.0-9.90 €= 1.42 (1.03-1.95) — .
10-19.9 1.58 (1.10-2.27) —a—
Total Mortality by P =.005 for trend
TSH Level, miu/Ld
0.5-4.49 1 [Reference] O
4.5-6.9 1.06 (0.96-1.17) —]
7.0-9.9 1.02 (0.84-1.24) ——
10-19.9 1.22 (0.80-1.87)

P =.39 for trend

0.2 0.5 1 2 5
HR (95% Cl)



Incidence of Atrial Fibrillation (%)
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Sawin et al. NEJM:; 1994



Cardiovascular Health Study

Atrial Fibrillation

— — — Subclinical Hyperthyroidism
Euthyroidism
— — — Subclinical Hypothyroidism
- Overt Hypothyroidism

a
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z
g
- |
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Follow-up, v

Mo. at Risk
Subclinical Hyperthyroidism i 1 27
Euthwraidism 1823
Subclinical Hypothyroidism 4.8
Cwert Hypothyroidism 35

« 3233 US community dwelling individuals over 65, mean age 73
* AF rate 2.0 (Cl 1.3-3.0) in SHyper

Cappola et al. JAMA 2006



-No association SCH — CV In patients >70 years

-Association in 60-70 patients especially when
serum TSH >7 mIU/L

-Suppressed (>low) serum TSH Is associated
with and increased prevalence of AF and heart
fallure

-Lack of treatment evidence on the reversibility
of low TSH ~ outcomes
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* Cognitive Aspects



DEMENTIA

The Rotterdam study Kalmijn et al. 2000 Clin Endo (Oxf)

Prospective population based cohort study 1843 participants
aged 55 years and over follow up 2 to 4 years

Table 2 Relative risk (95% confidence interval) for incident dementia according to thyroid status, adjusted for age and gender *

Nt Total dementia nNt Alzheimer's disease

T5H = 40 mlf 201730 0:5 (H1-3-5) 15/1725 0-6 (0-1-4-6)
Excluding subjects taking beta blockers 2001662 05 (0-1-3.7) 15/1642 0-6 (0-1-4-5)
TSH = 40 with positive antibodies§ 14/1417 =1 1/1413 & |

SD, standard deviation.

* In all analyses thyromimetic or thymostatic medication users are excluded; TNumber of dementia patients and total number in the analyses; $0ne
) 3 ) P )

standard deviation = 23-3 nmol/l; §TPO-antibody level = 10 1U/ml; | There were no demented subjects with increased TSH levels and positive

antibodies.




Subclinical Hypothyroidism and Cognitive
Impairment: Systematic Review and Meta-Analysis
JCEM 2015

Giuseppe Pasqualetti, Gennaro Pagano, Giuseppe Rengo, Nicola Ferrara,
and Fabio Monzani

Table 1.

Study Characteristic and Quality Score (Newcastle-Ottawa Scale)

Study Type

sHT Definition

TSH Assay

Baldini et al (1997) (33) Case control

Cohort study
Cohort study

Formiga et al (2014) (40)
lorde et al (2006) (15)

Park et al (2010) (17) Cohort study

Parsaik et al (2014) (32) Cross-sectional

Roberts et al (2006) (14)
Wijsma et al (2013} (34)

Cohort study
Cohort study

Yamamoto et al (2011) (35)
Silva et al (2013) (36)
Tan et al (2008) (12)

Cohaort study
Cross-sectional
Cohort study

Forti et al (2012) (37)
Resta et al (2012) (39)
Kalmijn et al (2000) (38)

Cross-sectional
Cross-sectional
Cohort study

TSH exceeding the upper normal limits by 20%
(4.6 mU/liter) or more (in at least two
consecutive occasions) associated with
normal FT, and FT5

TSH =5 mUditer, FT,, 10-26 pmolfiter

TSH 5-10 mU/iter, FT, 9-22 pmol/iter in at
least two consecutive occasions

TSH =4.1 mU/liter, FT,, 0.7-1.8 ng/liter

TSH 5-10 mUliter, FT, 1.01-1.79 ng/d|

TSH =>5.5 mUW/liter, FT, 9-20 pmol/liter

TSH =4.5 mWliter, FT, 12-18 pmol/iter in at
least two consecutive occasions

NA

TSH 4=19.9 Ufliter, FT,, 0.8-1.19 ng/dl

TSH =>1.8-2.1 mU/liter®

TSH =4.50 mU/liter, FT, 10.3-25.7 pmolfiter
TSH 3.6 mUAiter, FT, 8-17 pmol/liter
TSH =4 mUAiter, FT, 11-25 pmol/liter

IRMA Allegro HS-TSH, Nichols
Institute Diagnostics, San
Juan Capistrano, CA

MABs Roche Diagnostics
Hoffman-La Roche

TSH: CIS Bio International,
Gif-sur-Yvette
TSH Mayo Clinic Protocol

Adiva Centaur Bayer Diagnostic
Roche Elecsys 2010

NA

Immunolite 2000

London Diagnostics, Eden
Prairie, Minnesota

Roche Elecsys 2010

Vedere ILSA Study Ref 24

TSH Lumitest (Hennin,
Berlin, Germany)

* The 97.5th percentile of TSH adjusted for age was obtained by the general Mational Health and Mutrition Examination Survey cohort values as by

Boucai et al (8).

® The limits indicated the third percentile for men and women, respectively.




Composite Endpoint

log Odds
ratio (95% CI)

Baidini 1097 1.84 (067, 3.21)
Kalmiin 2000 0.74 (-2.76, 1.28)
Roberts 2006 - -0.03 (-0.30, 0.25)
Jorde 2006 i 0.21 (-0.54, 0.97)
Tan 2008 0.41 (0.05, 0.78)
Forti 2010 -+ 0.52 (-0.11, 1.14)
Resta 2012 | 0.71 (0.64, 0.77)
Subtotal (l-squared = 82.5%, p = 0.000) 0.44{0.07, 0.82)

Park 2010 —_—T -0.24 (-0.88, 0.39)
Yamamoto 2011 066 (-1.61, 0.29)
Ohirveira & Sibva 2013 -0.09 (-0.68, 0.50)
Vgsma 2013 0.15{-0.14, 0.43)

R "R

L g

-
Formiga 2014 —I—‘—'O'— 0.57 (-0.25, 1.38)
Parsaik 2014 ' 0.11(-0.07, 0.29)

]
Sublotal (-squared = 6.0%. p = 0.378) 0.08 (-0.07, 0.24)
Overall (l-squared = 87 2% p = 0.000) 0.23{-0.04, 0.51)
1 1 I 1 I
0 5 1 16 2 2

HOTE: Weghts are from random effects analysis
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Ealrmjin 2000

Dementia

Tan 2008

Fori 2010

Resta 2012

Sublotal (l-squared = 35.1%. p = 0.202)

——
0

i

|
=T
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|

log Odds

ralio (95% Cl)

-0.74 (<276, 1.28)
0.41 (0.05, 0.78)
0.52 (<0.11, 1.14)
0.71(0.64, 0.7T)

0.59 {0.36, 0.83)

Park 2010

Formiga 2014

Sublotal [(-squared = 00%, p=0413)

Owirall (-3guared = 68 8%, p=0.010)

MOTE: Weights are from random effects analysis

-0.24 (-0.88, 0.39)

-1.46 (-4.20, 1.38)

=0.30 (-0.92, 0.32)

0.35(-0.02, 0.73)




DEMENTIA

The Rotterdam study Kalmijn et al. 2000 Clin Endo (Oxf)

Prospective population based cohort study 1843 participants
aged 55 years and over follow up 2 to 4 years

Table 2 Relative risk (95% confidence interval) for incident dementia according to thyroid status, adjusted for age and gender *

N Totl dementia RN Alzheimer’s disease

TSH < 04 mU/ 24/1662 33 (12-104)) 18/1636 F50L1-115)
Additional adjustment for atrial fibrllation 24/1662 35 (1:2=104) 18/1656 ¥ (11=11T)
Excluding subjects taking beta blockers 23/158Y 3 (140-9-5) 1711583 2.9 (1-8-1049)
T4 levels (per SDY) 5102 249 (0:7-12.2) 4/101 21 (0-5-86)

TSH < (4 with positive antibodies§ 16/1349 237 (4-0-1410) 1171344 14-3(14-141)

a1, standard deviation.

* In all analyses thyromimetic or thyrostatic medication users are excluded; TNumber of dementia patients and total number in the analyses; $One
standard deviation = 233 nmol/l; §TPO-anubody level = 10 1U/ml; | There were no demented subjects with increased TSH levels and positive
antibodies.




Subclinical Thyroid Dysfunction and the Risk of
Cognitive Decline: a Meta-Analysis of Prospective

Cohort Studies ;-\ 101: 4945-4954. 2016

Carole Rieben, Daniel Segna, Bruno R. da Costa, Tinh-Hai Collet, Layal Chaker,
Carole E. Aubert, Christine Baumgartner, Osvaldo P. Almeida, Eef Hogervorst,
Stella Trompet, Kamal Masaki, Simon P. Mooijaart, Jacobijn Gussekloo,

Robin P. Peeters, Douglas C. Bauer, Drahomir Aujesky, and Nicolas Rodondi*




Table 1. Description of Included Studies for the Effect of Subclinical Thyroid Dysfunction on Dementia/Mini-Mental
State Examination (MMSE)

TSH Cutoff Level, Thyroid

Followup mU/L Hormone
Study, Year of Population, Mean Age; so, | Time, Age, —_— I Recipients
Publication N y Months Min-Max,y ~ SHypo | SHyper | Measured  Excluded?

Rotterdam (31), 2000¢ 1843 68.8,7.5 251 55-93 >4 <04 Yes Yes
Leiden 85-Plus Study (33), 20