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Ø Azione degli OT sul SNC

Ø Funzione tiroidea e invecchiamento

Ø Ipertiroidismo e funzione cognitiva

Ø Ipotiroidismo e funzione cognitiva

Ø Fisiopatologia del peculiare scenario clinico



TH signaling regulates 
adult neurogenesis in 
the hippocampus, the 
sub ventricular zone 

and the hypothalamus, 
resulting one of the few 
endocrine signals that 
exerts marked effects 

on neurogenesis in 
adult mammalian brain

This represents the 
physio-pathological basis for 
understanding the potential  

association of thyroid dysfunction 
with changes in mood and cognition 

of adult and older subjects



Zhang W et al. 2014

Decreased functional connectivity between the hippocampus, anterior and posterior 
cingulate cortex, and right medial orbitofrontal cortex



Age-dependent association of thyroid function with 
brain morphology and microstructural organization

Evidence from brain imaging

Chaker et al. Neurobiology of Aging 2017

Characteristics of the study partecipants (4683)



Age-dependent association of thyroid function with 
brain morphology and microstructural organization

Evidence from brain imaging

Adjusted for age, sex, cohort, intracranial volume and time between laboratory measurements and MRI scan

Chaker et al. Neurobiology of Aging 2017



Functional correlates of TSH, FT3 and FT4 in 

Alzheimer disease: a F-18 FDG PET/CT study

Chiaravallotti A et al. Scientific Reports 2017

Correlation between TSH and brain glucose

consumption in left anterior cingulate cortex (<) and

medial frontal gyrus (*) and in the right anterior

cingulate cortex (>)

General overview of the AD population

examined, including socio-demographic

variables

BUL: below university level; ULoA: university level or

above; M: manual; S: skilled.

No significant relationships were found between

cortical F-18 FDG uptake and T3 and T4 serum levels



EFNS Task Force European Journal of Neurology 2010



THE EFFECT OF AGING ON THYROID 
ECONOMY



Surks et al. JCEM 2007; Atzmon et al. JCEM 2009

TSH distribution by age groups
disease-free populations

NHANES III (1988-1994) and 
NHANES 1999-2002

236 Ashkenazi Jewish centenarians living 
independently, median age: 97.7 yrs

188 younger unrelated Ashkenazi Jews 
(controls), median age: 71.0 yrs

605 NHANES controls, age range 60-79 yrs



It is currently difficult to ascertain the true prevalence of sHT
in older people and to correctly label and treat sHT patients

Hennessey JV & Espaillat R 2015



Thyroid Function Characteristics and 
Determinants: The Rotterdam Study

Chaker et al. Thyroid 2016

associations differed from ours (3,4). For example, Roef
et al. (4) reported that a lower TSH as well as FT4 with
higher BMI, while we found a positive association of BMI
with TSH and a negative association of BMI with FT4
in our population. Differences between our results and re-
sults from these studies could be due to several reasons
including; the large sample size of our population compared
with previous studies (>9000 vs. <1000), differences in
mean age, iodine status, and ethnical backgrounds. Also,
the number of genetic variants included in these previous
analyses was smaller than in the current study. To our
knowledge, no population-based study to date has reported
on the association of environmental factors with the relation
between TSH and FT4. We could therefore not compare our
results with previous literature.

Regarding the association of age with thyroid function,
results from cross-sectional studies are conflicting. Data from
the National Health and Nutrition Examination Survey
showed a shift of the TSH distribution toward higher levels
with older age but provided no information on FT4 concen-
trations in different age groups (12). A study from Scotland
reported a significantly higher median and 97.5th centile TSH

with higher age (24). However, in contrast with these studies
and in line with our results, two studies reported a lower TSH
and higher FT4 with higher age, of which the degree is par-
tially dependent on historical iodine intake (13,28). Never-
theless, these are all cross-sectional reports on the association
of age with thyroid function. Cross-sectional analyses can
provide information on differences in different age groups
but cannot provide insight into dynamic changes with aging.

To date, only two prospective population-based cohort
studies with longitudinal thyroid function measurements
have studied the relation of thyroid function with aging. Al-
though both studies had similar iodine status, their results on
the relation of thyroid function with aging (i.e., over time)
differ from ours. Whereas both Waring et al. (Cardiovascular
Health Study [CHS], United States) and Bremner et al.
(Busselton Health Survey, Australia) found an increase in
TSH over time and with increasing age, TSH levels did not
change over time in our study (9,14). The lack of change in
TSH in our study was independent of age at baseline. In
participants with the highest levels of TSH at baseline, TSH
even decreased over time. This decrease in TSH in the op-
posite direction of previous reports from CHS and the

FIG. 4. The change in TSH and FT4 levels over time. (A) The association of change of TSH levels over time plotted
against the age of participants at baseline. (B) The association of change of TSH levels over time plotted against the TSH
levels of participants at baseline. (C) The association of change of FT4 levels over time plotted against the age of
participants at baseline. (D) The association of change of FT4 levels over time plotted against the FT4 levels of participants
at baseline. These analyses were adjusted for age, sex, BMI, smoking, TPOAb, and time between measurements. The
median time between measurements was 6.5 years (range 6.01–9.71 years). For all panels the regression line and ac-
companying 95% confidence intervals are depicted.
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Repeated measurements (6.5-year interval) 
were available for 1225 participants



van den Beld et al. JCEM 2005

Overview of the values of T3 and rT3 within a 
population of 403 elderly men

Low FT3 and 
normal rT3 levels: 

better 4-yr 
survival and 

physical 
performance

Low FT3 and high 
rT3 levels
(NTIS): 

no  survival 
advantage, lower 

physical 
performance



THE GERIATRIC CLINICAL SCENARIO
Subclinical Thyroid Dysfunction

& Cognition



Caratteristiche cliniche pazienti ambulatorio 
Demenze AUSL 6 Livorno

Pazienti
(n=127)

Femmine
(n=76)

Maschi
(n=51)

Età 78,2±7,1 78,5±7,1 77,6±7,2

MMSE 20,6±5,1 20,2±4,9 21,0±5,4

IA 53,1% 54,2% 51,4%

Diabete mellito 34,7% 35,6% 33,3%

IFG 7,9% 10,2% 4,8%

Dislipidemia 79,1% 88,5% 64,7%

CVI 53,1% 48,8% 57,9%

IRC

Ipo-subclin.

Iper-subclin.

24,0%

12%

6%

48,6%

16%

8%

30,9%

6%

3%

 Indici di flogosi 41,7% 48,6% 30,4%

Unpublished data



Thyroid Function Abnormalities and Cognitive Impairment 
in Elderly People: Results of the Invecchiare in Chianti Study

Ceresini G et al. JAGS 2008

The study population consisted of men and women, aged 23 to 102 who
participated in the InCHIANTI Study, conducted in two small towns in Tuscany, Italy.
The final study population included 1,171 subjects (652 women and 519 men).

Subclinical hypo- and 
hyperthyroidism were more 

prevalent in older than in 
younger participants

(subclinical hypo: 3.5 vs 0.4% 
subclinical hyper: 7.8 vs 1.9%).
In euthyroid participants, TSH 

and FT3 declined with age, 
whereas FT4 increased.



Rieben C et al JCEM 2016

Eleven prospective cohorts followed 16,805 participants during a median follow-up of 44.4 months. 
Five studies analyzed the risk of dementia in subclinical hyperthyroidism (n=6410), six in subclinical 

hypothyroidism (n=7401)





Moon JH et al. JCEM 2014

313 euthyroid participants (mean age 72.5  6.9 yr at baseline) completed cognitive 
function tests at 5-year follow- up 



Wijsman LW et al 2013

Prospective, longitudinal study of 5154 subjects, aged 70-82 yrs, 
with 3 yrs mean follow-up





Subclinical hypothyroidism and cognitive function in people 
over 60 years: a systematic review and meta-analysis

Forest plots depicting the cross-
sectional associations observed 

between sHT and cognitive 
performance in 10 studies, arranged 

according to the weight of the studies. 
Akintola AA et al. Frontiers in Aging Neuroscience 2015



Subclinical hypothyroidism and cognitive function in people 

over 60 years: a systematic review and meta-analysis

Akintola AA et al. Frontiers in Aging Neuroscience 2015

Forest plots depicting the prospective analysis of associations observed between 

sHT and decline in global cognition as measured by MMSE, arranged according to 

the weight of the studies

This systematic review and meta 

analysis provides no evidence that

supports an association between

sHT and cognitive impairment in 

relatively healthy older adults. 





Linear regression models, models are adjusted for age, sex, years of education, APOE e4 genotype. 
Cognitive measures are entered as continuous variables

Association of thyroid group with performance in cognitive domains

Hypothyroidism and Risk of Mild Cognitive Impairment in 
Elderly Persons - A Population Based Study



The risk of composite endpoint was positively related with the degree of serum TSH increase
(ß=0.28, p=0.005; data available for 5 studies) while no effect was obtained by stratifying for
gender.

Subclinical Hypothyroidism and Cognitive 
Impairment: Systematic Review and Meta-analysis

Pasqualetti G et al JCEM 2015

Risk of Composite Endpoint stratified by age

Incidence or prevalence of dementia, MMSE score, WMS Revised score and total memory quotient

>75 yrs



Subclinical Hypothyroidism and Cognitive 
Impairment: Systematic Review and Meta-analysis

Pasqualetti G et al JCEM 2015

Pooled analyses (log of Odds Ratio) for incidence or prevalence of dementia.
Data are stratified by age (above and below 75 years).

This meta-analysis demonstrates 
a relationship between sHT and 

cognitive impairment only in 
individuals younger than 75 years 

and those with higher TSH 
concentrations. No correlation 
was found while considering all 

the studies as a whole

>75 yrs



Thyroid function and the risk of dementia
The Rotterdam Study

Chaker et al. Neurology 2016

Absolute 10-year risk of dementia by TSH values within the normal range



Biondi B et al. Endocr Rev 2008

Hypothetical relationship between age and effect of 
sHT on symptoms, mood, and cognition



The lack of utilization 
of age related serum 
TSH reference ranges 

and consequent 
potential misdiagnosis 
of sHT in older people 

just account for the 
peculiar scenario?



The association 
disappeared in studies of 
patients with mean age 

<65 years

Dengfeng Gao et al Medicine 2015

Forest plot of RR for hypothyroidism and cardiac death and/or hospitalization in patients 
with heart failure. Weights are from random-effects analysis



Age and gender substantially influence the relationship 

between thyroid status and the lipoprotein profile  
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Monzani F et al. J Clin Endocrinol Metab 1997

Mild hypothyroidism and mitochondrial 
dysfunction: effect of disease duration

r2 = 0.44; P = 0.02
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Euthyroid rats
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Endothelium dependent dilation in mesenteric
arteries from euthyroid and MMI-treated rats

Virdis A et al. Endocrinology 2009 & Unpublished data



Thyroid hormone levels in the cerebrospinal fluid correlate 
with disease severity in euthyroid patients with Alzheimer

Accorroni A et al. Endocrine 2017



Q1

FT
3
/FT

4
<1.51pg

Mediana (range) 

media±DS

Q2

1.51<FT
3
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<2.02
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media±DS

Q3

2.02<FT
3
/FT

4
< 2.6

Mediana (range) 

media±DS

Q4

FT
3
/FT

4
>2.6

Mediana (range) 

media±DS

p

Sesso % (F)* 55.6% 62.3% 50.3% 43.8% 0.008

Età (anni) 86 (65-97) 84 (66-100) 85 (65-101) 82 (65-100) 0.008

CIRS_S 2.3±0.4 2.1±0.4 2.1±0.4 2.0±0.4 0.000
MPI 0.72±0.27 0.63±0.28 0.52±0.30 0.42±0.26 0.000

ADL** 2 (0-6) 2 (0-6) 4 (0-6) 6 (0-6) 0.000

IADL** 1 (0-8) 1 (0-8) 3 (0-8) 4 (0-8) 0.000

SPMSQ** 5 (0-10) 4 (0-10) 3 (0-10) 2 (0-10) 0.000

MNA positivo %* 55.0% 38.6% 26.8% 16.6% 0.000

CAM positivo %* 9.3% 20.4% 14.3% 7.1% 0.020

Durata degenza ospedaliera 

(giorni)**

6 (3-32) 5 (2-21) 5 (1-26) 5 (2-15) 0.000

DS: deviazione standard; CIRS: Cumulative Illness Rating Scale (severità e comorbidità); ADL: activities of 
daily living; IADL: instrumental activities of daily living; SPMSQ: Short Portable Mental Status Questionnaire; 

MNA: mini nutritional assessment; CAM: confusion assessment method; 
* χ2 test; **Test Kruskal-Wallis (per gli altri parametri one way ANOVA)

Pasqualetti et al JCEM in press

Degree of peripheral T4 deiodination, frailty and long-
term survival in hospitalized euthyroid older patients



TAKE HOME MESSAGES
Ø Most studies suggest an impact of subclinical hyperthyroidism on

mood and cognition
Ø A relationship between sHT and cognition is only documented in

individuals younger than 75 years and those with higher TSH
concentrations

Ø The relationship between sHT and cognition as well as
cerebrovascular diseases could be depicted with two faces as the
ancient Roman myth of “Janus Bifrons”.

Ø Besides the lack of age specific TSH reference ranges, the
presence of organ specific effects of TH, the time of exposition to
mild thyroid failure may account for the peculiar clinical scenario
of subclinical hypothyroidism in the elderly

Ø The possible presence of NTIS and the potential role of drugs
should be not overlooked
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