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Definition

e Purely biochemical

 Serum FT4 and total or free T3(FT3) levels
within their respective reference ranges in the
presence of abnormal serum TSH levels




Anatomy of the Thyroid Gland

Section of thyroid gland




Dr. Hakaru Hashimoto
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Pathology of Hashimoto's thyroiditis. In this typical view of severe Hashimoto's thyroiditis, the normal thyroid
follicles are small and greatly reduced in number, and with the hematoxylin and eosin stain are seen to be
eosinophilic. There is marked fibrosis. The dominant feature is a profuse mononuclear lymphocytic infiltrate and
lymphoid germinal center formation.
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Individual and median values of thyroid function tests in
patients with various grades of

hypothyroidism. Discontinuous horizontal lines represent
; upper limit (TSH) and lower limit (FT4,T3) of the normal
E = reference ranges.
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Prevalence of schypoT

* The prevalence of schypoT has been reported to be
between 4 and 10% of adult population samples

STUDY Ref TSH PREVALENCE
(miU/1)
Whickham  Clin Endocrinol 2779 >6 7.5% of
survey (Oxf) 1977 females and

7:481-493
2.8% of males

NHANES III JClin Endocrinol 16,353 >4.6 4.3%
Metab 2002
87:489-499

Colorado  ArchIntern Med 25000 >5.1 9.5%
2000; 160:

526-534



The Colorado study

— 9.5% of all subjects had an
elevated serum TSH
concentration

— 75%o0f these individuals had
serum TSH levels in the 5-10
mlU/liter range.

— In each age decade, a higher
percentage of women than
men had an elevated serum
TSH concentration; the
difference was significant
after age 34 yr (P 0.01).

THE COLORADO STUDY
PREVALENCE OF HIGH TSH LEVELS
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Arguments for and against
replacement therapy of SChypoT

For therapy
— T4 is not normal for the patient
— It may progress to overt hypoT

— |t may be assosiated with impaired function of
various organs which is reversible with treatment:
* Cardiovascular
* quality of life/neurocognitive psychiatric
e fertility

— Therapy is simple and inexpensive



Against therapy:

A considerable proportion of patients will not feel
more healthy if treated

Therapy involves lifelong taking of medication

The risk of overtreatment involves as much risk as
no therapy

The magnitude of clinical abnormalities is not
clear

It is very common and more evidence is needed
before treatment is generally recommended



Natural history of subclinical
hypothyroidism

Progression to overt hypoT

Whickham Survey (20 years follow-up)

— Old age, female sex, and TPO antibodies were
associated with an increased risk of progression to
overt hypothyroidism.

— The annual rate of progression to overt

hypothyroidism was 4.3% in women with both
raised serum TSH and antithyroid antibodies, 3% if

only serum TSH was raised, and 2% if only
antithyroid antibodies were present.




Symptoms, quality of life, and cognitive function in
subclinical hypothyroidism

* Symptoms are nonspecific.

* Symptoms of hypothyroidism are probably
related to disease severity, disease duration,
and individual sensitivity to thyroid hormone
deficiency/ the sensitivity of the peripheral
target organs.



Symptom scores

* |n the Colorado study, a questionnaire that included 17
thyroid symptoms revealed a clear correlation between
the type of symptom (dry skin, poor memory, slow
thinking, muscle weakness, fatigue, muscle cramp, cold
intolerance, puffy eyes, constipation, and hoarseness),
the number of symptoms, and elevated TSH
— Euthyroid subjects reported a mean of 12.1% of symptoms
— Overtly hypothyroid subjects had 16.6% of symptoms (P
0.05 vs. euthyroid group
— Subjects with SChypothyroidism had 13.8% (P 0.05 vs.
euthyroid group).




Cardiovascular risk factors in overt
hypoT:

— Hypertention (increased systemic vascular
resistance )

— Atherogenic lipid profile

— Elevated CRP

— Altered coagulation and endothelial function

* All these abnormalities regress with |-T4

Coronar ¥ Arteries

replacement therapy




schypoT and cardiovascular risk

TABLE 6. Epidemiological evidencs for the asgoeizdon betwesn SHypo and earciovazsenlas rigk

Fomwscnor, yeer (Aef) M. of pet =nts B T5H e Followup i) Cardiovescular risk

anderzump, 1295 227 2774 Ward M AT =1 &0 Noassceiation of ATD) with eoronary disezzz, No
imereased eironlzoey or alkraee matality,

Halz, 2000 (1530 11491124 SHyvpo! W =40 =ii 4r Rigs of atwerosc amosiz Risk of Ml only in cooss-
seetion L analveis,

Para, 23001 (329 A9 (584 SHypo)  Wand M 3 | =60 Bl Noasseiation with daath from cirealabory disesse,

[maizuz, 2004 (194 26050 SHypel Wand M =0 240 14 [nzrensed morsality from all cauges st Jongitudinal
analveis in yz 3-£ onky in men, oot nos at Wy
[ncrazsed migk of THD onlv = the Daselne cross
secimnal snalvas.

Cuesealon, 2004 (82 5080 SHypel Wand M 4-3in35 =10 ink =45 4 Decreazed rizk of death

‘Wakh, 2006 (23 21081115 SHypo!  Ward M  04-2 20-4, <10, =10 1780 20 Rigs for comarary svects in gutvecte wich sernm
T8H lavals of 10 mIU liter or less ant greacer
than 10 No inerzased nsk of death from
vandiovascular s e,

Hodondi, 200% 2310 27300585 SHvpe!  Ward M £0-69, 55 = 10 -T2 ¢ lrceased rigk of CHE o patiens with TSH = 7
mI Tl ter Mo inereaged cardinvs genlar or botal
marts ity

Cappola, 006 230 DE5E &6 SHypel  Wand M =4f =hi 13 SHyro was ot associated with cardioveseniar

digaders o mortality.

ATTL Auta mere thyreod diseazs; M1, mweczrdial infareion;

[ELY, isenemic hear: diseesz, W, women, M, men, CHF, eqngesties hears failure



 There are major discrepancies in epidemiological
data about cardiovascular risk in SHypo

* This may be due to:

— differences in the populations studied in terms of age
(1), sex, race/ethnicity, life style, the TSH range that
defines Shypo

— methods of evaluation of cardiovascular disease
differences in adjustments for known risk factors for
cardiovascular disease

— duration of follow-up.



To treat or not to treat?

* Arecently published large meta-analysis of 11 prospective
cohort studies showed increased risk of cardiovascular
morbidity and mortality in patients with TSH above, but not
below, 10 mU/I and no increase in total mortality

(Rodondi N et al, JAMA 2010 304 1365-1374).

A Cochrane review regarding the effect of L-T4
replacement therapy in SCH based on randomised clinical
studies could not demonstrate consistent evidence of
reduced cardiovascular morbidity, improved quality of life
or amelioration of symptoms in the treated groups

(Villar HC et al. Cochrane Database of Systematic Reviews, 2007 CD003419).



Consensus (?) to recommend
treatment:

* Women who are pregnant or who plan
pregnancy

* Patients with serum TSH persistently above 10
mU/I.

* Patients with symptoms and signs suggesting
HYPO



Hypothyroidism in the elderly

— Cardiovascular risk in the elderly
— Cognitive state in the elderly
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Thyroid status, disability and cognitive function, and
survival in old age

. Gussekloo et al, JAMA, 2004
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Table 3. Performance of Participants Aged 85 Years Depending on Baseline Levels of Thyrotropin, Free Thyroxine, and Free Tricdothyronine

{(N=R5E)}*
Additional Annual
Bassline Difference per S04 Change Cwer Time Change per 30
IEEtin.-aha [SE]} B 'ul'ﬂlel IEEﬁnﬂte [SE) P 'u'dual IEE'tiITI:B‘tE (SE] P "-’a]ual
Thyrotroping

Di=ahility, pointa

ADL= 0005 028 BB 1.2 0.08) <. 001 0001 0U0E) BT

netrumentsl ADL = QUDE [0.34) BT 2.5 10.08) <2004 -0.12 (0uDs) .03
Depreasive symmploma, points —0U0E 013 B4 0.28 000059 <2004 002 (003 B3
Global cognitve function, pointa =003 0.26) 83 —0.78 0004 =004 004 D) e o
Attertion, = 1.3[01.4) 35 1.4 0037 <2004 —0.4T (0233 .23
Processing speed, digits -0.22 (0.3 .48 —0.64 §0U05) <2004 =004 [0uDs) 80
mmediate memaory, pichunes -0.45 (0230 .55 —1.0 §0U0E) <2004 Q0T (0u0s) .25
Delzyed memony, pictures =040 014) A5 —0.45 (00059 <2004 QL0 (003 e ]

Frese Thyroxines§

Di=ahility, pointa

ADL= 044 [0229) A5 1.2 0.08) <. 001 041 0.0s) &7

netrumentsl ADLs 0.55 10.34) A1 2.5 1008 <2004 04D oDy 09
Depreasive symmploma, points QU0E (012 B2 028 10003 <2004 =004 (003 85
Glotal cognitive function, points -0.02 (027 B4 —0.75 (0004 <2004 —0U0E [0uDd) A5
Aftention, = 1.7 1.3 .20 1.4 §0.37) <. 001 032 [0.40) 42
Processing speed, digits —0.23 (0230 .44 —0.64 §0U0E8) <2004 —007F (0uDs) .22
mmediate memaory, pichunes -0.27 [0.28) 34 —1.0 §0U0E) <2004 =040 0D .14
Delzyed memony, pictures 043 013 a2 —0.45 (00059 <2004 —0U06 (03 i ]

Free Trniodothyronine|

Di=ahility, pointa

Al = 1.7 [0.28) =M 1.2 00.08) =001 021 005 e

netumental ADLs -2.3 [0.E3) =004 2.5 10.08) <2004 004 05 =]
Depreasive symmploma, points 028 (042 02 0,34 §0005 <2004 007 [0uDd) 04
Glotal cognitive function, points 1.3 03 =004 050 (0004 <2004 I I I 00
Aftention, = -0.84 [1.3) &0 1.4 0.38) <. 001 042 [0.40) 230
Processing speed, digits 1.2 00 =004 067 §0U08) <2004 040 (0uDs) A0
mmediate memory, pichunes 0ED 028) 005 1.0 083 <2004 0003 (00T 87
Delzyed memony, pictures 0.dd 013 003 —0.48 00003 <2004 QL0 (0] B8

Abbrersimtion: AL s, actiiies of h'n:

“Al estimales by e minesd usted for sex and educational kel Dﬁg’mmwnmeﬂm processing speed, immediate recal and delayed recall wens not
ndm'—u'edb::1 perticipents with F.-hl tal Siate Expmination soores beloss 12 points

‘II!-a:.Ei'-eciT s I:h-cﬁllﬂﬂ-rurll're I of thyroid hommons and reflects the oross-sectional sssociation beteeen thyraid hormone end perdommeanos.

:I'I'henmn = 254

SThe mesan lm!elr:-11-3‘i€l?l nq-:l. 1-"-"'_-|"-“.G"'||:nul-1.|

[Tha mean (S04 kel is 220 (LE7) pg/dl [3.339 [0.EE] proli ]



abhitaliala
d IS\ 1)

NN NN 12%-7 ,01'pn on mipon 1'n 85%-7 e
-NN NIYI9N) .TSH 7w ndima nn 3%-71 TSH 7w
(17910 X7 N9y

D'TTN?7 TSH NN |'2 YW X¥NM1 X7 agnnn N7'Nna. »
AP T2IY D" TIPONN

TSH AWUKRD annn Y\7nna 1M 0" TIRSNN DTN 7D

1w o S O Y “l‘ - I Tm ™ IAIA‘

AT N1 [AD DA N'0 Nida '0'oa

N'N M1 TSH .apnnn Y7nna imn o'onnwninn 37% °
NN NTI'7 -n12a TSH-1 nnmna n'7u7 vy




Survival

Increasing levels of TSH and decreasing levels of FT4 were associated
with a survival benefit.

Figure 2. Cumulative Mortality of Participants Based on Clinical Stratification of Thyroid

Status
——--——Abnormally Low Thyrotropin 0.57
Normal Thyrotropin
0.4+
Abnormally High Thyrotropin =
Normal Free Thyroxine =
——— Low Free Thyroxine < 0.31
D
-
£ 0.21
E
=3
© 01
01 Cox Regression P= .03 for Trend
85 86 a7 88 29
Age,y
Abnormally Low Thyrotropin 19 18 15 13 1
MNormal Thyrotropin 472 441 385 335 287
Abnormally High Thyrotropin
Normal Free Thyroxine 30 28 26 25 23
Low Free Thyroxing a7 36 35 32 28

Plasma Lhyrolropin levels below 0.3 mlU/L were considered Lo be abnormally low,; levels above 4.8 mIU/L
were considered to be abnormally high. Plasma free thyroxine levels below 1.01 ng/dL (13 pmol/L) were con-
sidered to be abnormally low; levels between 1.01 and 1.79 ng/dL (13 and 23 pmol/L) were considered to be
normal.
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schypoT and cognitive function
in the elderly

Razvi et al. (ref 148)

Roberts et al. (ref 117)

Lindeman et al. (ref 77)
Bemben et al. (ref 107)

50 60 70 80 90 years

= RISK m——

- Gussekloo et al. ( ref 92)

FIG. 1.

Hypothetical relationship between age and
effect of SHypo on symptoms, mood, and
cognition. Published data suggest that the

possible effects are age related. o
Biondi&Cooper,

Endocrine Reviews 2008,76



In most of the studies, an inverse correlation can be observed between the
mean age of the subjects examined and the OR found for CHD

A Prospective study
B Cross sectional study

3.5 .5 (males < 50 yrs)
3.0 4 1. Walsh et al 2005 (38)
2. Cappola et al 2006 (42)

% 25 3 8 onls w 3. Rodondi et al 2005 (41)
5 g O lOonty women) 4 Imaizumi et al 2004 (37)
= 2.0 4 5. Kventy et al 2004 (39)
= ® 6. Lindeman et al 2003 (36)
o 1.5 - e 7 Parle et al. 2001 (40)
o 1 8.  Hak et al 2000 (35)

.04 ____ ______________ "o __.

2 A7
0.5 T T T = T 1

<50 51-60 61-70 <70
AGE (years)
FIG. 1. Odds ratio (OR) for coronary heart disease (CHD) in subjects with subclinical hypothyroidism according to the

mean age of the cohort studied. Data are from eight recent epidemiological studies (I, prospective; A, cross-sectional)
carried out on the general population. The numbers within parentheses indicate the corresponding references.

Mariotti&Cambuli,
Thyroid 2006, 1067



Articles

Prediction of all-cause and cardiovascular mortality in elderly
people from one low serum thyrotropin result: a 10-year cohort
study

James V Parle, Patrick Maisonneuve, Michael C Sheppard, Peter Boyle, Jayne A Franklyn

[Lancet 2001 ; 358: 861-65



Overall survival (%)

100+

"l_' Thyrotropin (mU/L)
95 i <05
‘;,__h‘q sesesenrrsr (-5-1.2
90+ -'-t.‘__-‘_ - L 1 wmmmmw 1-3-2-0
‘. "‘q-:"!-‘-‘ l -—— o 5. ()
85_ . ‘b. [— — — — >_5_0
Loy
80
75+
70+
65
60
55
50+
45+
oJ
[ ! I T I I I I I I 1
c 1 2 3 4 5 6 7 8 9 10

Years of follow-up

Figure 1: Kaplan-Meier survival curves showing the relation
between overall survival and serum thyrotropin concentration



Subclinical thyroid disease
Biondi&Cooper. Endocrine Reviews 2008, 29:76-131

* Treatment of SHypo should probably be avoided in
patients older than 85 yr whose TSH level is between
4.5 and 10 miU/liter.

e After the identification of elderly patients who would
benefit from replacement therapy, treatment should
be individualized in those with a serum TSH
concentration above 10 mlU/liter. In such cases, |-T4
therapy can be initiated with the aim of reaching a TSH
serum level of 4—6 mlU/liter in individuals older than
70 yr.

* Overtreatment with excessive |-T4 doses can have
negative consequences in the elderly!
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CLINICAL PRACTICE GUIDELINE
Management of Thyroid Dysfunction during Pregnancy
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Practice Guideline

Marcos Abalovich, Nobuyuki Amino, Linda A. Barbour, Rhoda H. Cobin, Leslie J. De Groot,
Daniel Glinoer, Susan J. Mandel, and Alex Stagnaro-Green
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Guidelines of the American Thyroid Association
for the Diagnosis and Management of Thyroid Disease
During Pregnancy and Postpartum

The American Thyroid Association Taskforce on Thyroid Disease During Pregnancy and Postpartum

Alex Stagnaro-Green (Chair),' Marcos Abalovich,? Erik Alexander,® Fereidoun Azizi,* Jorge Mestman,®
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In essence, pregnancy is a stress test for the
thyroid, resulting in hypothyroidism
in women with limited thyroidal reserve
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10—12 wk gestation : The fetal thyroid begins concent
iodine

20 wk gestation: Fetal thyroid is under control of fetal
pituitary TSH.

Fetal serum levels of TSH, TBG, free T4, and free T3 increase
throughout gestation

36 wk : Fetal thyroid reaching mean adult levels at
approximately 36 wk.



HYPOTHYROIDISM AND PREGNANCY: MATERNAL AND
FETAL ASPECTS

* Prevalence:
— 0.3—0.5% for overt hypothyroidism
— 2—3% for subclinical hypothyroidism

— 5-15% of women in the child bearing age have Thyroid
autoantibodies

* For discussion:
— Fetal brain development
— Pregnancy outcome
— Fetal outcome



Maternal hypothyroidism and fetal neurological
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lessons from iodine deficiency areas

* |t has been recognized for nearly 110 years
that in regions of endemic iodine deficiency
combined maternal and fetal hypothyroidism:

— mental retardation

— neurologic defects — spasticity, ataxia, and deaf-
mutism



The New England
Journal of Medicine

© Copyright, 1999, by the Massachuserts Medical Society

VOLUME 341 AuGusT 19, 1999 NUMBER 8

MATERNAL THYROID DEFICIENCY DURING PREGNANCY AND SUBSEQUENT
NEUROPSYCHOLOGICAL DEVELOPMENT OF THE CHILD

James E. Hapbow, M.D., GLENN E. PaLomakl, B.S., WALTER C. ALLan, M.D., JosepHINE R. WiLLIAMS,
GEORGE J. KNIGHT, PH.D., JUNE GaGgNoNn, M.A., CHerYL E. O'Her, M.ED., ED.S., MarvIiN L. MiTcHELL, M.D.,
Rosaue J. HErmos, M.P.H., Susan E. Waiseren, PH.D., James D. Faix, M.D., anp RoBerT Z. KLein, M.D.



62 children (aged 8 yr) that
were born to mothers with
hypothyroidism during
midgestation.

124 control children from
the same schools

All underwent extensive

iNo
il |6

for 1Q and school-learning
abilities
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TABLE 2. MEASUREMENTS OF THYROID FUNCTION

IN THE STUDY WOMEN DURING PREGNANCY.*

WoMEN wiTH
HyPOTHYROIDISM
VARIABLE (N=62
Serum thyrotropin concentration 13.2x0.3t
(mU/ liter)
Serum thyroxine concentration 74*0.1t
(ug/dl)
Serum free thyroxine concentration 0.71x0.1%
|ng_-"dl|

High serum concentrations of anti-
thyroid peroxidase antibodies (%)f

ConTROL
WoMEN
(N=124)

1.4+0.2

10.6+0.1

0.97+0.07

14

For serum thyroxine and free
thyroxine to nanomoles per liter
and picomoles per liter,
respectively, multiply by 12.87



e Results: Full-scale 1Q scores of children born to
hypothyroid untreated mothers averaged 7 points
lower than the mean 1Q score of children born to
control mothers (P 0.005).

* Furthermore, three times as many children from
mothers with untreated thyroid deficiency (15% vs.
5%) had 1Q scores that were 2 SD scores below the
mean 1Q of the controls (that is 85).

* Conclusions: hypothyroidism occurring during
pregnancy was associated with a risk of a poorer
neuropsycho-intellectual outcome in the progeny



Clinical studies on the role of maternal hypothyroidism for the
psychoneurological outcome in the progeny

* A heterogeneity of gestational “hypothyroidism ” . Different
clinical conditions must be considered:
— Time of onset (first trimester vs. later)
— Degree of severity (SCH vs. OH)
— Duration in pregnancy
— Adequacy of treatment
However, a common pattern clearly emerges.

* Overall, the results showed that there was a significantly
increased risk of impairment in neuropsychological
developmental indices in the offspring of hypothyroid
mothers.



Repercussions of hypothyroidism on pregnancy: Maternal
aspects and pregnancy outcome

Decreased fertility

An increased risk for abortion, anemia, gestational
hypertension, placental abruption, and postpartum
hemorrhages.

These complications are more frequent with OH than with
SCH and

Adequate thyroxine treatment greatly decreases the risk of a
poorer obstetrical outcome




Overt and subclinical hypothyroidism complicating pregnancy.

Abalovich M, Gutierrez S, Alcaraz G, Maccallini G, Garci’a A, Levalle O

Thyroid 12:63—68, 2002

150 pregnancies in 114 women
with primary hypothyroidism ADEQUATE TREATMENT (N=27)

— 51 women (34%) conceived
under hypoT

— 99 pregnancies under

euthyroidism with thyroxine Abortions  Preterm Deliveries Term Deliveries
CJOvert h thyroidism (N=6
t h erapy. iSubclk!:’::; h:pothyroi:"sm,m-zﬂ
* Conclusions: the outcome of

pregnancy did not depend on o  'NADEQUATE TREATMENT (N=24)

whether hypothyroidism was
initially overt or subclinical, but
primarily on the adequacy of the
thyroxine treatment.

8

o 8 & 8

Abortions Preterm Deliveries Term Deliveries

CJOvert hypothyroidism (N=10)
ESubclinical hypothyroidism (N=14)




Repercussions of hypothyroidism on
pregnancy: fetal aspects.

Untreated maternal OH is associated with
adverse neonatal outcomes including
premature birth, low birth weight, and
neonatal respiratory distress.



Therapeutic aspects- LT4 titration
-from the guidelines

* Pregnant women usually need to increase their daily
dosage by, on average, 30—50% above preconception
dosage beginning as early as by 4—6 wk gestation

 Serum free T4 and TSH levels should be every 30-60
days
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From the guidelines:
Hypothyroidism and pregnancy-

recommendations
Overt hypothyroidism Subclinical hypothyroidism
* Thyroid function tests  The panel recommends
should be normalized as thyroxine replacement
rapidly as possible. * For obstetrical outcome,
 TSH should be <2.5 U/ml in recommendation level is B;
the first trimester evidence is fair
e Recommendation level is A; * For neurological outcome,
evidence is good recommendation level is ;

evidence is poor
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