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The physiology of endocrine system with ageing

van den Beld AW  Lancet Diabetes Endocrinol. 2018. doi:10.1016/S2213-8587(18)30026-3
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Determinanti di Fragilità
Asse ipotalamo-ipofisi-gonadi

Sarcopenia



The physiology of endocrine systems with ageing

van den Beld AW  Lancet Diabetes Endocrinol. 2018. doi:10.1016/S2213-8587(18)30026-3

Mean hormone 

concentrations (95% CI) in 5 

year age bands for a cohort 

of 3220 men living in Europe



Zhao X et al 2021

Testosterone was negatively associated with HST risk in men and positively associated with HST risk in women. 
Genetic factors increased the HST risk, suggesting that participants with both high genetic risk and abnormal testosterone levels (high 

level in women or low level in men) should be the target for early intervention.

Non-linear associations of total testosterone/free testosterone (TT/FT) with risk of health span termination by multivariate cubic regression splines.
Fully adjusted model: age, menopause status (for women), college or university degree, deprivation index, BMI, smoking status, alcohol drinking, IPAQ group, healthy diet, family
history of cardiac-cerebral vascular disease (CCVD) or cancer, use of aspirin/ibuprofen, hormone replacement therapy, SHBG



Determinanti di Fragilità
Asse ipotalamo-ipofisi-gonadi

Sarcopenia

Asse ipotalamo-ipofisi-
tiroide



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

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

Ashkenazi centenarians (median age: 97.7 yrs)

Ashkenazi controls (median age: 71.0 yrs)

NHANES controls (age range 60-79 yrs)

Thyroid hormones in extreme longevity
Home-dwelling, disease-free populations
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TSH response to TRH injection

Garasto S et al. Mechanisms of Ageing and Development  2017 - Monzani F et al Horm Res 1996

P=0.01

P<0.01

Pituitary response to thyroid failure



Thyroid Function Changes with Ageing: 
The Rotterdam Study

Chaker et al. Thyroid 2016

9402 participants from the Rotterdam Study not taking thyroid medication
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Mortalità familiare relativa ai 

soggetti con profilo tiroideo 

nella norma

Longevità Familiare e Funzione Tiroidea

Rozing MP et al. JCEM 2010



High circulating free thyroxine levels may increase the risk of 
frailty: The Rotterdam Study

Bano A et al. JCEM 2017

Association of thyroid function with frailty indexVariation of thyroid function and frailty index in euthyroid subjects



FT4 Functional Mobility, Fitness, and Fatigue in Euthyroid Older Men and 
Women in the Baltimore Longitudinal Study of Aging

Simonsick EM et al. Journals of Gerontology 2016



Thyroid Function Tests in the Reference Range and Fracture

Risk of hip fracture according to TSH categories

Risk of hip fracture per one SD increase in FT4, 

overall and stratified by sex, age, and duration of 

follow-up

Thirteen prospective cohort studies with
baseline examinations between 1981 and 2002.
During 659,059 person-years, 2,565 out of
56,835 participants had hip fracture (4.5%)

Aubert CE et al. J Clin Endocrinol Metab 2017

HRs are for TSH 0.45 to 0.99 mIU/L, compared with 

the reference group TSH 3.50 to 4.99 mIU/L



Gan E.H: et al Thyroid 2021

Decreasing TSH trajectory and the odds of incident cognitive impairment (MMSE <26) at 60 months, and cognitive decline (reduced score>3) over 5 years

In contrast to physiological expectation, in 
this group of 85-year-olds, a declining 

serum TSH was associated with reductions 
in free thyroid hormones over time. A 
decreasing serum TSH trajectory over 

time anticipated cognitive decline in later 
life. 

Declining TSH concentrations are a 
biomarker for cognitive impairment in 

later life.



Table 3. Relationship between SPPB and FT3 in older subjects (Multivariable analysis) 

 Beta SE   P  

FT3 0.35 0.17 0.036 

Age  -0.10 0.01 <.001 

Sex -0.006 0.21 0.97 

Physical Activity 1.18 0.17 <.001 

Il-6  -0.19 0.08 0.03 

BMI -0.07 0.02 0.009 

Cancer -0.35 0.29 0.23 

Smoking 0.09 0.1 0.37 

Renal Function -0.14 0.07 0.83 

CES-D -0.03 0.008 0.002 

CSMA 0.0003 0.00008 0.005 

NCV  0.04 0.02 0.02 

MMSE 0.039 0.02 0.09 

Total Energy Intake 0.0001 0.0001 0.66 

Stroke -0.49 0.16 0.003 

CHF 0.07 0.09 0.42 

__________________________________________________________________ 

 

CHF, Chronic Heart Failure 

CESD, Center for Epidemiologic Studies-Depression score 

CSMA, cross sectional muscle area 

NCV, Nerve Conduction Velocity 

Ceresini G et al, Aging Clin Exp Res, 2018

Relationship between SPPB and FT3 in older subjects

Multivariate analysis

Thyroid function values within the normal range and physical performance in the elderly

CHF chronic heart failure, 
CES-D Center for Epidemiologic Studies-Depression score, 
BZD benzodiazepine, 
CSMA cross-sectional muscle area, 
ACE-in ace-inhibitors, 
NCV nerve conduction velocity

The InCHIANTI study



Low FT3: possible marker of frailty in the elderly

Bertoli A. et al. Clinical Interventions in Aging 2017



T3 value Physical Performance and Survival

van den Beld AW  Lancet Diabetes Endocrinol. 2018. doi:10.1016/S2213-8587(18)30026-3

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



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

Pasqualetti et al JCEM 2018

Mediana follow-up 30.3 mesi, 619 pazienti



One-year all-cause mortality survival analysis: Kaplan Meier curves.

Relationship between fT3/fT4 ratio and frailty in the oldest adults: 
a longitudinal multicentre, multi-setting study

Monzani, Malara, Vitale Unpublished data



The Aging Thyroid: A Reappraisal Within 
the Geroscience Integrated Perspective

Garasto S et al. Mechanisms of Ageing and Development 2017 - Franceschi C et al Endocrine Reviews 2019

The new concept of “thyroid biography” is 
proposed to better understand the heterogeneity 
of thyroid aging in each individual or patient as a 

consequence of the unique combination of 
variables impinging lifelong on thyroid function



During ageing, the secretory patterns of the hormones produced by the hypothalamic–pituitary axis

change, as does the sensitivity of the axis to negative feedback by end hormones. Glucose

homoeostasis also tends towards disequilibrium with increasing age

Ageing-induced effects are difficult to disentangle from the influence of other factors that are common

in older people, such as chronic diseases, inflammation, and low nutritional status, all of which can

also affect endocrine systems

Hormone replacement therapy is traditionally suggested as a therapeutic intervention to stop or reverse

the decline of hormone activity during the ageing process. However, some of these changes are a

beneficial adaptation to ageing, whereas hormonal intervention often causes important adverse effects

TAKE HOME MESSAGES

FT3/FT4 ratio is an effective marker of frailty, disability and reduced survival (more than each serum free

thyroid hormone levels). Thus, FT3/FT4 ratio may represent a reliable biochemical marker of frailty in

older individuals
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Jones CM et al  Gerontology 2015



Mammen JS et al. Thyroid 2015

Cumulative incidence plot of thyrotoxicosis stratified by sex and the use of thyroid hormone


