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Age-Related Changes in Thyroid 
Economy 

 
     Decreased    No change or  decreased        No change Increased 

 

Production of T4, T3 

Degradation of T4, T3 

Pulse amplitude of 
nocturnal TSH? 

Thyroid gland uptake 
of iodine 

 

 

Thyroid sensitivity to TSH 

TSH response to TRH? 

Diurnal variation in TSH 
secretion? 

Serum levels of T3 

 

 

Pituitary content of TSH 

Serum levels of rT3, TBG. 
T4 

 

Plasma half-life of 
T4, T3 

 

Mooradian AD, Drugs Aging 2008 (modif.) 



van den Beld et al. JCEM 2005 

Overview of the values of T3 and rT3 within a 
population of 403 elderly men (>73 yrs) 

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 



Tognini et al Age & Ageing 2010 

NTIS is very common in the hospitalized older population (31.9%), emerging 
as the most sensitive independent predictor of short-term survival  

(odds ratio: 4.3; 95%CI: 1.7-10.5) 

Non-thyroidal illness syndrome and short-term 
survival in a hospitalised older population 



Thyroid Hormones as Predictors of Short- and Long-
term Mortality in Very Old Hospitalized Patients 

De Alfieri W et al. J Gerontol 2013 

Clinical and Laboratory Data of the Study Population, Grouped According to Thyroid Function 



Thyroid Hormones as Predictors of Short- and Long 
term Mortality in Very Old Hospitalized Patients 

De Alfieri W et al. J Gerontol 2013 



Low FT3: a possible marker of frailty in the 
elderly 

Bertoli A. et al. Clinical Interventions in Aging 2017 



Low FT3: a possible marker of frailty in the elderly 

Bertoli A. et al. Clinical Interventions in Aging 2017 



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 index 



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 index among euthyroid participants 



 
Patients (n=643) 

 

 

Sex (Female) 53.4% 

Age (yrs) 84.0±7.3 

Systemic hypertension 57.1% 

Dementia 43.7% 

Heart failure 37.9% 

Atrial Fibrillation 36.7% 

History of Cancer  29.5% 

Diabetes mellitus 27.8% 

CKD 27.2% 

COPD 19.4% 

Stroke 19.2% 

 CRP (mg/dL) 7.8±8.8 

ADL 3 (0-6) 

IADL  2 (0-8) 

SPSMQ 3 (0-10) 

MNA  positive  34.7% 

CAM positive  12.4% 

MPI 0.57±0.30 

CIRS-C 5.0±1.9 

TSH (mIU/L) 1.51±0.84 

FT3 (pg/mL) 2.69±0.82  

FT4 (ng/dL) 1.37±0.43 

Length of hospital stay (days) 5 (2-32) 

Baseline clinical characteristics of the whole cohort 

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

Pasqualetti et al JCEM in press 



Q1 

FT3/FT4<1.51pg 
Mediana (range) 

media±DS 

Q2 

1.51<FT3/FT4<2.02 
Mediana (range) 

media±DS 

Q3 

2.02<FT3/FT4< 2.6 

Mediana (range) 

media±DS 

Q4 

FT3/FT4>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 



p=0.218 

p=0.003 

p=0.000 
p=0.000 

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

Pasqualetti et al JCEM in press 

Follow-up 

disponibile 

per 619 paz. 

mediana 

30.3 mesi  

206 decessi 

(33.3%) 

 

 



Cox regression multivariate analysis of FT3/FT4 quartiles (4th FT3/FT4 quartile as the reference) 

Model 1: not adjusted;  

Model 2: age and sex adjusted;  

Model 3: age, sex, LDH, Hb, CRP, albumin, MPI and FT3 adjusted 

Model 1 Model 2 Model 3 

  p HR 
95.0% CI  

p HR 
95.0% CI 

p HR 
95.0% CI 

Lower Upper Lower Upper Lower Upper 

Q4  
(FT3/FT4 >2.60) 

 

1 1 1 

Q 1 
 (FT3/FT4<1.51) 

 

0.000 5.73 3.43 9.55 0.000 5.37 3.21 8.89 0.005 2.49 1.31 4.73 

Q2  
(1.51<FT3/FT4<2.02) 

 

0.000 3.85 2.27 6.53 0.000 3.77 2.22 6.41 0.008 2.22 1.23 4.97 

Q3 
 (2.02<FT3/FT4<2.6) 

 

0.000 2.84 1.64 4.89 0.000 2.63 1.52 4.55 0.018 2.01 1.12 3.59 

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

Pasqualetti et al JCEM in press 



 
 
 

Whole Cohort No Low FT3 (<2.7 pg/ml) 

AUC  

FT3 0.591          p=0.006 
FT3/FT4 0.630 p=0.000 

AUC  
FT4 0.600 p=0.002 

AUC  

FT4 0.573 p=0.003 

AUC  

FT3 0.683      p=0.000 

FT3/FT4 0.693 p=0.000 

Pasqualetti et al JCEM in press 



Overall Survival
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Overall Survival  

p=0.009 

median OS= 4.3 months    

median OS= 5.8 months  

median OS=13.9 months 

According to FT3/FT4 ratio tertiles 

55 cancer patients treated with regorafenib  

Regione del Veneto 



Progression Free Survival 

Progression Free Survival
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P<0.05 median PFS=1.9 months    

median PFS=2.1 months  
median PFS=2.5 months 

According to FT3/FT4 ratio tertiles 

55 cancer patients treated with regorafenib  



MULTIVARIATE ANALYSIS 
Regione del Veneto 

0.14 - 0.78 



TAKE HOME MESSAGES 

 La desiodazione periferica della Tiroxina si riduce con l’età 

 E’ noto da tempo come la “Sindrome da bassa T3 o Sindrome del 
malato eutiroideo” (NTIS) si associ ad una riduzione della 
sopravvivenza a breve termine 

 Nei pazienti anziani la prevalenza di NTIS è elevata e si associa a 
fragilità oltre che a ridotta sopravvivenza 

 Recentemente è stato documentato come nei soggetti anziani la 
mortalità (a lungo termine) e la fragilità aumentino con 
l’aumentare dei livelli di tiroxina circolante 

 Dati preliminari documentano come la desiodazione periferica di 
T4 si riduca progressivamente in relazione al grado di fragilità 

 Il rapporto T3/T4 risulta un marker di fragilità, disabilità ed 
outcome clinico molto più accurato dei livelli di T3 e T4 
considerati singolarmente 
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