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LONG-LIVED INDIVIDUALS
(Nonagenarians and centenarians)

Centenarians represent an exceptional model to study longevity and healthy
aging in humans Many of theseindividuals are escapingfrom major common
diseasesuchascancerand diabetes
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Figure 1: Most-reported changes in circulating hormone concentrations and hormone profiles with ageing
ACTH=adrenocorticotropic hormone. DHEA=dehydroepiandrostenedione. DHEAS=DHEA sulphate. FGF23=fibroblast growth factor 23. AMH=anti-Mullerian
hormone. LH=luteinising hormone. FSH=follicle-stimulating hormone. GnRH=gonadotropin-releasing hormone. SHBG=sex hormone binding globulin. GH=growth
hormone. IGF-1=insulin-like growth factor 1. TSH=thyroid-stimulating hormone. FT=free thyroxine (T,). FT,=free tri-iodothyronine (T,). PTH=parathyroid hormone.
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Evolutionary Medicine: From Dwarf Model Systems
to Healthy Centenarians?
Valter D. Longo, et al.
Science 299, 1342 (2003);
AVAAAS DOI: 10.1126/science. 1077991

In severalmodelsmutations that affect the GH or insulin/IGF-I signaling generatesmutants with smaller sizebut with

a significant life-spanextension

Chico homozygousmutant
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Table 1. Selective Mouse Models With GH/IGF Axis Mutations and Their Effect on Longevity

Maximum Life Span,

Mouse Mutation Mechanism % Increase Reference
Ames dwarf Prop1 Loss of Prop1 transcription factor leading to pituitary 68% (52)
defect
Snell dwarf ~ Pit1 Loss of Pit1 transcription factor leading to pituitary ~ 42% (53)
defect
Little (lit/lit), ghrhr =~ GHRH null mice leading to suppressed GH release 24% (53, 54)
Laron GHR/BP '~ GHR null mice: unresponsive to GH 55% (55, 56)
IGF-IRKO  IGF-1R"/ Heterozygous for disrupted Igf1R allele 33% dependent on (18, 57)
genetic background
Midi IGF-1 exon 3 "™ Hypomorphic for IGF-1 due to insertion in /gf1 gene  10% in maximum (58, 59)
life span
p66°" KO  p66s" /™ Mice harboring null allele for p66, an intracellular 30% not reproduced (19, 60)
signaling molecule responsive to IGF-1R in subsequent studies
PAPPA KO PAPPA~/~ Mice null for PAPPA, a metalloproteinase, which 41% 61)
cleave IGFBPs to increase bioavailability of IGF-1
IRS-1 KO IRS-17/~ Mice null for IRS-1a, a critical docking protein that 32% females only (21)

binds the IGF-1R and serves to recruit multiple
intracellular second-messenger proteins

IRS-2 KO IRS-2+/~ IGF-1 intracellular signaling molecule highly 17%, 18% in brain (62)
homologous to IRS-1 specific
LID Liver-specific deletion IGF-1 gene deletion mediated by Cre/lox No increase decrease (25)
of IGF-1 system specifically in liver in males
LIGHR Liver-specific deletion GHR gene deleted at 1 y through the use of No increase (25)
of GHR gene inducible Cre/lox system

BP, binding protein; IRS, insulin receptor substrate; KO, knockout.

Mol Endocrinol, August 2015, 29(8):1107-1113
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SOMATOTROPIC SIGNALING: TRADE-OFFS
BETWEEN GROWTH, REPRODUCTIVE Andrzej Bartke, Liou Y. Sun, and Valter Longo
DEVELOPMENT, AND LONGEVITY
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FIGURE 5. Mechanisms believed to be involved in linking GH signaling with healthspan and lifespan. Details
and references are in the text and in TABLE 2.




nature —
REVIEWS
ENDOCRIN

Oxidative stress and the ageing endocrine Nt. Rev. Endocrinol. 9, 228-240 (2013);
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Figure 4 | Schematic representation of the connections between oxidative stress

and inflammation and their modification during ageing. Small upright arrow: Insulin sensitivity ¥
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HUMANS

Contradictory results
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LIMITATION

-

Cross-sectional design centenarians have been often
comparedto a control group of youngersubjects

Due to the absenceof an appropriate control group, it
was not possible to conclude if IGF-I differences
betweenboth groups were expressionof a different life
spanor of a physiologicalagedependentlGF-I decline



Someof theselimitations have beenovercomeby studyingc ent enar
offspring.

Centenarians' offspring appear to be a hew and promising approach
to identify biological parameterswhich contribute to human aging and
longevity, without the disadvantages observed in the studies of
centenarians

someF Centenarians' offspring have an average age of 70 years, appear to
— undergo an aging process"better" than that of subjects of the same
age, are more numerous than centenarians and it is possible to
compare them with a demographically-matched control group
(subjectsmatchedfor age,sex,ethnicity, parent year of birth, but born

from not long-lived parents) thus avoiding cohort effects
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centena rlans Offsprl ng asa mOdEI Of healthy agl ng: drea ppralsal Of Laura Bucci *', Rita Ostan®’, Elisa Cevenini %, Elisa Pini', Maria Scurti’, Giovanni Vitale**, Daniela

Mari**, Calogero Caruso®, Paolo Sansoni®, Flaminia Fanelli’, Renato Pasquali’, Paola Gueresi®

the data on Italian subjects and a comprehensive overview Claudio Franceschi *, and Daniela Monti®
Table 3. Functional and cognitive status of centenarians’ offspring (CO) and offspring of non-long-lived parents
(NCO)

N CO N NCO OR (95% CI) p-value

Past diseases
Pneumonia, n (%) 267 65 (24.3) 106 22 (20.8) 1.277 (0.723 - 2.254) 0.400
Myocardial Infarction, n (%) 267 12 (4.5) 106 12 (11.3) 0.489 (0.201 - 1.194) 0.116
(Soz;Jke. cerebral thrombosis-haemorrhage, n 266 4(15) 105 8 (7.6) 0.200 (0.051 - 0.789) 0.022
Malign tumor, n (%) 267 26 (9.7) 106 18 (17.0) 0.533 (0.269 - 1.056) 0.071
Benign tumor, n (%) 267 11 (4.1) 106 10 (9.4) 0.419 (0.162 - 1.083) 0.072
Hip fracture, n (%) 267 5(1.9) 106 4(3.8) 0.535(0.136 - 2.113) 0.372
Spinal collapse, n (%) 267 8 (3.0) 106 6(5.7) 0.404 (0.122 - 1.336) 0.137
Current diseases
Heart failure, n (%) 267 2(0.7) 106 4(3.8) 0.276 (0.047 - 1.611) 0.153
Irregular heart rhythm, n (%) 267 29 (10.9) 107 20 (18.7) 0.584 (0.301 - 1.131) 0.110
Hypertension, n (%) 267 109 (40.8) 107 68 (63.6) 0.485 (0.288 - 0.816) 0.006
COPD, n (%) 267 9(3.4) 106 9(8.5) 0.394 (0.143 - 1.089) 0.073
Dementia, n (Yo) 267 0(0.0) 106 1 (0.9) na na
Depression/Anxiety, n (%) 267 41 (15.4) 106 22 (20.8) 0.669 (0.362 - 1.239) 0.201
Osteoporosis, n (%) 267 44 (16.5) 106 24 (22.6) 0.520 (0.270 - 1.002) 0.051
Diabetes, n (%) 267 26 (9.7) 106 12 (11.3) 1.042 (0.462 - 2.352) 0.921
Hypothyroidism, n (%) 267 25(94) 106 8(7.5) 0.988 (0.400 - 2.437) 0.979
Hyperthyroidism, n (%) 267 3(L.1) 106 4(3.8) 0.290 (0.053 - 1.593) 0.154
Hypercholesterolemia, n (%) 267 91 (34.1) 106 46 (43.4) 0.563 (0.342 - 0.929) 0.025
Chronic renal insufficiency, n (%) 267 3(L.1) 106 5(4.7) 0.273 (0.052 - 1.423) 0.123
"Other diseases, n (%) 265 85 (32.1) 107 53 (49.5) 0.484 (0.296 - 0.793) 0.004
Drugs use, n (%)
0 drugs, n (%) 267 58 (21.7) 106 7 (6.6) 1
1-3 drugs, n (%) 267 148 (55.4) 106 48 (45.3) 0.375 (0.156 - 0.897) 0.028
4 or more drugs, n (%) 267 61 (22.8) 106 51 (48.1) 0.136 (0.053 - 0.347) <0.001
Cardiovascular Therapy, n (%) 267 54 (20.2) 106 36 (34.0) 0.493 (0.299 - 0.813) 0.005
Hypotensive Therapy, n (%) 267 106 (39.7) 106 68 (64.2) 0.368 (0.231 - 0.587) <0.001
Antidiabetic Therapy, n (%) 267 15 (5.6) 106 10 (9.4) 0.571 (0.248 - 1.316) 0.188
Lipid-lowering Therapy, n (%) 267 47 (17.6) 106 40 (37.7) 0.353 (0.213 - 0.583) <0.001
Prevalence of past and current diseases was adjusted for age, gender, education, marital status and BMI. * The following conditions are included: prostatic
hypertrophy, cataract and glaucoma, gastritis, hiatus hernia, cholelithiasis, allergies, hemicranias, haemorrhoids, etc. na: not assessed.




AGING, March 2016, Vol. 8 No.3

Laura Bucci 1', Rita Ostanl', Elisa Cevenini %, Elisa Pini’, Maria Scurti’, Giovanni Vitale>*, Daniela
Mari**, Calogero Caruso®, Paolo Sansoni®, Flaminia Fanelli’, Renato Pasquali’, Paola Gueresi®
Claudio Franceschi *°, and Daniela Monti®®

Centenarians’ offspring as a model of healthy aging: a reappraisal of
the data on Italian subjects and a comprehensive overview

Table 2. Functional and cognitive status of centenarians’ offspring (CO) and offspring of non-long-lived parents (NCO)

Total, N=374 Men, N=163 Women, N=211
CcO NCO p-value CO NCO p-value Cco NCO p-value
N=267 N=107 N=108 N=55 N=159 N=52
Autonomy and self-
sufficiency
ADL 5 items, mean (SD) 5(0.1) 4.9 (0.6) 0.127 5(0.0) 5.0 (0.3) 0.322 5.0 (0.0) 4.8 (0.8) 0.197
Eﬁz;"ple‘e]y continent-n 1 94090.2) | 87(81.3) | 0.018 | 99925 | 50(90.9) 0.720 141 (88.7) 37 (71.2) 0.003
IADL, mean (SD) 7.9 (0.5) 7.7(1.1) 0.040 7.9(0.4) 7.7(0.9) 0.169 7.9 (0.6) 7.7(1.3) 0.163
Ability to walk 500
e 254 (95.5) 95 (89.6) 0.034 107 (99.1) 53 (96.4) 0.223 147 (93.0) 42 (82.4) 0.024
Ability to go up and
down the stairs, n (%) 228 (85.4) 76 (71.7) 0.002 101 (93.5) 47 (85.5) 0.144 127 (79.9) 29 (56.9) 0.001
Use of aids, n (%) 9(3.4) 10 (9.4) 0.017 2(1.9) 4(7.3) 0.181 7(4.4) 6(11.8) 0.058
Handgrip strength test
1" quartile, n (%) 70 (26.8) 18 (17.1) 25 (23.1) 15 (27.8) 45 (29.4) 3(5.9)
™ quartile, n (%) 64 (24.5) 19 (18.1) 0.038 28(25.9) 5(9.3) 0.103 36(23.5) 14 (27.5) 0.007
3 quartile, n (%) 69 (26.4) 37(35.2) e 31(28.7) 19 (35.2) ' 38 (24.8) 18 (35.3) '
4" quartile, n (%) 58(22.2) 31(29.5) 24(22.2) 15 (27.8) 34(22.2) 16 (31.4)
Ability to perform chair .
stand test, n (%) 251 (96.2) 87 (84.5) <0.001 103 (97.2) 46 (88.5) 0.027 148 (95.5) 41 (80.4) 0.002
Cognitive function
SMMSE, mean (SD) 29.0 (1.5) 28.6 (2.5) 0.043 29.1(1.2) 28.9(1.3) 0.360 29.0 (1.7) 28.3(3.3) 0.145
Mood
GDS, mean (SD) 3.0(3.0) 2.7(2.6) 0.206 2.7(2.7) 2.0(2.3) 0.156 3.3(3.2) 3.4(2.7) 0.888
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Low circulating IGF-I bioactivity is associated with human longevity:
Findings in centenarians’ offspring

Giovanni Vitale?, Michael P Brugtsg, Giulia Ogliari“, Davide Castaldi*®, Letizia M. Fatti’,
Aimee ). Varewijcks, Steven W. Lambertsg, Daniela Montis, Laura Bucci’, Elisa Cevenini’,

Francesco Cavagnini?, Claudio Franceschi”®, Leo J Hofland?, Daniela Mari'*, and Joseph
A.M.J.L. Janssen®

Table 3. Parameters of the IGF-1/insulin system in the study population*

o9
September 2012

-

AGING, September 2012, Vol 4 N 9

Offspring Centenarians' Centenarians P! P’
matched- Offspring (n=106)
controls (n=80) (n=192)
IGF-I Bioactivity 161 (134-187) 144 (119-170) 132 (107-157) <0.01 0.09
(pmol/L)
Total IGF-I (nmol/L) | 17 (13.6-20.8) 14.4 (11.9-18.2) | 9.3 (7.1-12.9) <0.01 <0.001
IGFBP-2 (ng/L) 546 (345-665) 566 (400-678) 728 (603-898) 0.50 <0.001
IGFBP-3 (nmol/L) 101.3 (82.7- 125.8 (107.1- 79.8 (67.9-92.2) 0.01 <0.001
128.5) 154.5)
Total IGF-I/IGFBP-3 | 0.15(0.13-0.17) 0.12 (0.10-0.14) | 0.13 (0.09-0.16) <0.001 0.42
(molar ratio)
Total IGF-II (nmol/L) | 114 (89-137) 134 (92-168) 72 (55-117) 0.15 <0.001
Glucose (mmol/L) 49 (4.5-5.4) 48(4.3-54) 4.6 (4.2-5.1) 0.38 0.09
Insulin (pmol/L) 74 (51-105) 71 (44-103) 39 (27-70) 0.92 <0.001
HOMA2-B% 128 (98-166) 137 (100-174) 109 (81-152) 0.94 <0.01
HOMA2-S% 62 (44-93) 68 (45-110) 122 (68-174) 0.90 <0.001

* Results are reported as medians with interquartile ranges (25th-75th percentiles) for data not normally distributed.
': Offspring matched-controls vs. Centenarians' Offspring

%: Centenarians' Offspring vs. Centenarians
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Low insulin resistance and preserved [(3-cell function contribute to Giuseppe Paolisso’”, Michelangela Barbieri', Maria Rosaria Rizzo", Carlo Carell”, .
human l on g EVity but are n Ot assO Ci ate d Wlth TH—INS g enes Mario Rotondi’, Massimiliano Bonafé®, Claudio Franceschi®, Giuseppina Rose®, (E}égggtrgleoﬂé;l

Giovanna De Benedictis®

p for trend < .010 ]
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Beyond the agesof 8590 years, insulin resistance declined again and a group of
subjectswith a lower degreeof insulin resistanceemerged



Offspring Centenarians' Centenarians P! P’
. . - . . matched- Offspring (n=106)
In long-lived Iindividuals
" 1GF-1 Bioactivity 161 (134-187) 144 (119-170) 132 (107-157) <0.01 0.09
(pmol/L) |
Total IGF-I (nmoV/L) | 17 (13.6-20.8) 14.4(11.9-18.2) | 9.3(7.1-12.9) <0.01 <0.001
IGFBP-2 (pg/L) 546 (345-665) 566 (400-678) 728 (603-898) 0.50 <0.001
IGFBP-3 (nmol/L) 101.3 (82.7- 125.8 (107.1- 79.8(67.9-92.2) | 0.01 <0.001
128.5) 154.5)
Total IGF-I/IGFBP-3 | 0.15(0.13-0.17) | 0.12 (0.10-0.14) | 0.13 (0.09-0.16) | <0.001 0.42
(molar ratio) |
G H , IG F —I , I G F —I I , Total IGF-II (nmol/L) | 114 (89-137) 134 (92-168) 72(55-117) 0.15 <0.001
Glucose (mmol/L) 49 (4554 48(43-54) 4.6 (42-5.1) 0.38 0.09
Insulin (pmol/L) 74 (51-105) 71 (44-103) 39 (27-70) 0.92 <0.001
, HOMA2-B% 128 (98-166) 137 (100-174) 109 (81-152) 0.94 <0.01
I G F B P e HOMA2-5% 62 (44-93) 68 (45-110) 122 (68-174) 0.90 <0.001
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Role of epigenetics in human aging and longevity: genome-wide  panici Remondini - Giulia Ogliari - Rita Ostan -

DNA methylatiﬂ.n proﬂle in centenarians Laura Bucci - Silvia M. Sirchia - Silvia Tabano -
. ’ . Francesco Cavagnini - Daniela Monti »
and Centenarlans Offspl‘lllg Claudio Franceschi - Anna Maria Di Blasio -

Giovanni Vitale
AGE (2013) 35:1961-1973

Table 3 Gene ontology analysis

of CpG sites hypermethylated GO term Description p value

and hypomethylated between

centenarnians’ offspring and old Hypermethylated

controls GO:0009112 " Nucleobase metabolic process ) (9.35x107%)
GO:0034404 Nucleobase, nucleoside, and (9.37x107)

nucleotide biosynthetic process
GO:0034654 Nucleobase, nucleoside, nucleotide, (9.80= 10 %)
\_and nucleic acid biosynthetic process )

Hypomethylated

p values were derived using GO:0023050 Consequence of signal transmission (9.40x107%

hypergeometric tests

This categoryincludesstepswherebythe downstreanprocessestartedby a signal are broughtto a conclusion

We cannot excludethat a slowercell growing/metabolismand a bettercontrol in_signal transmissionthrough epigenetic
mechanismanaybeinvolvedin the processof longevity




Functionally significant insulin-like growth factor |
receptor mutations in centenarians

Yousin Suh*, Gil Atzmon', Mi-Ook Cho*, David Hwang*, Bingrong Liu*, Daniel J. Leahy®, Nir Barzilai',
and Pinchas Cohen® 3438-3442 | PNAS | March4,2008 | vol.105 | no.9

Genotyping the entife cohort (384 cemtenariams and 312 controls) for the presencecof the two
nonsynanyimausmutations, i.e., 244GA (Ala-37-Thi) and 1355GA (Aig-407-His):

4

- Nine centenarians (2.3%) cariied either the Ala-37-Thir (n=2) or Alg-407-
His (n=7) mutation.

- One control (0.3%) was found to be a carriei- of the Aig-407-His mutation
and no control cariizd the Ala-37-Thi- mutation.

Table 2. Height and IGFI levels among centenarian carriers
of either the Ala-37-Thr or the Arg-407-His mutation
in the IGF1R gene

Carriers, Moncarriers,
Variable n==o n= 163 Pvalue
Height, cm 162 + 2.8 165 + 0.8 0.41

IGFI, ng/ml 165 = 21 121+ 6 0.04

Ala37Thr

Arg407H
~



Identification of functional rare
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Amanat Ali***, Zhengdong D. Zhang?*, Tina Gao'*, Sandra Aleksic%*,
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Fig. 1. (A) The structure of IGF-1 gene. Our longevity cohort carries two missense variants in exon 4. Brown,
light cyan and blue colors represent the signal peptide (SP), E peptide and protein-coding regions, respectively.
A118T variant is located at the boundary of Exon 4 and the N-terminal sequence of the E-peptides, which is

a cleavage site for the release of mature IGF-1. (B) Association of IGF-1:p.Alal118Thr with serum IGF-1 levels.
Results are plotted as mean + SD. The statistical model was adjusted with baseline age and sex. **p <0.01.

IGF-1:p.lle91lLeu and IGF-1.p.Alall8Thr variants attenuate IGF-1R activity by
Impairing IGF-1 binding and diminishing the circulatory levelsof IGF-1
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Figure 1 Circulating adiponectin levels in AGA and SGA at birth
(TO) and at 1 year (T12) in centenarians and in elderly subjects.

Data are represented as the mean*SE. *p<0.05 vs. centenarians,
p=0.022 vs, AGA TI12, fp=00001 vs. AGA and SGA at TO and

. < Uremic related factors
45 . Peri-coronary adipose tissue
a0 l Normal function Abnormal function
1 * Free fatty acids storage / \ * Pro-atherogenic adipocytokines secretion
. 304 ¢ Mechanical Protection *  Pro-Inflammatory paracrine and endocrine effects
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N@@ Eare ?@;\““’ 5 and lower plasma leptin concentrations than in elderly subjects The
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Figure? Cirelatinglptnlevels in AGA a1d SGA s bih md s may be connectedwith this favorable L/A ratio index, considering the
Data are represented as meantSE. 'p=0.0078 vs. SGA T2, *p<0.05

O e (N insulin-sensitizingand anti-inflammatory effectsof adiponectin.

centenarians.



The metabolic Syndrome, IGF-1, and insulin action Molecular and Celtular Endocrinology 299 (2009) 124-128

Yasumichi Arai®*, Toshio KojimaP®, Michiyo Takayama?, Nobuyoshi Hirose?

Table 1
Comparison of long-lived mouse models with centenarians
CR2| Dwarf® FIRKO® ADPN Te?-¢( Centenarians')

Glucose metabolism

Plasma insulin l l l ! 1

Plasma glucose ! ! ! ! l

Insulin sensitivity| 1 | i i I
Somatotrophic axis

Plasma IGF-1 l 1l 1 NA lor—
Adipose tissue metabolism

Body adiposity l 1 (with aging)or | | ! l

Plasma leptin 1 l i 1 Jort

Plasma ADPN 1 1 t 4 \T Y,

NA: no available data; CR: calorie restriction; FIRKO: fat-specific insulin receptor
knockout; ADPN: adiponectin.

The biochemical profile observedin centenarianswas comparable to that observedin several other
modelsof exceptionallongevity, suggestinga potential crosstalk betweenGH/IGF -1/insulin pathwaysand
adiposetissuemetabolismin regard to life extension
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Thyroid Hormones and Aging: Modulators of Mitochondrial Hormone and Metabolic Research
Health, Metabolic Flexibility, and Longevity Pathways Asticle published online: 2025-10-20

doi: 10.1055/a-2698-0521
Angela D Mazza

HALLMARKS OF AGING LONGEVITY PATHWAYS

AND THYROID HORMONE
INFLUENCED BY THYROID
INTERACTIONS HORMONES

MITOCHONDRIAL GENOMIC INSTABILITY
DYSFUNCTION AND TELOMERE ATTRITIO ﬂ

T3 enhances mitochondnial Thyroid hormone effects
biogenesis and oxidative on DNA repair,
phosphorylation telomerase activity

EPIGENETIC LOSS OF PROTEOSTASIS
ALTERATIONS

GROWTH AND
METABOLISM

a ENERGY
CELLULAR SENESCENCE DEREGULATED HOMEOSTAS'S
NUTRIENT SENSING

STRESS
SIRT1 RESISTANCE

TH-mediated histone Regulation of autoohogy.
modifications, DNA protein synthesis via
methylation mTOR/AMPK axis

TH and cel cycle Thyroid unﬂuence on IGF-1,
regulation (p53, p21) insulin, AMPK, and mTOR
signaling
Stem Cell Exhaustion and Intercellular Communication FOXO CELL
Indirect effects via inflammation and tissue repair SURVIVAL

Fig. 1 Thyroid hormone influences the hallmarks of aging on many Fig. 2 Longevity pathways influenced by thyroid hormones.
levels.
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The Free Triiodothyronine/Free Thyroxine Ratio
Is Associated with Frailty in Older Adults:
A Longitudinal Multisetting Study

ne Sl

THYROID
Valume 33, Number 2, 2023

Chukwuma Okoye,® Beatrice Arosio®* Silvia Carino,” Luana Putrino,” Riccardo Franchi,' Sara Rogani!

Matteo Cesari*® Daniela Mari,” Giovanni Vitale,”® Alba Malara® Valeria Calsolaro, and Fabio Monzani

Home-dwelling

Whale cohort GAL parients NH residents centenarians
(N=0615) N =208} (N=250 in==67) p
Female sex, n (%) 339 (55.1) 126 (42.2) 166 (H6.4) 47 (70 1) <001
Mean age (years, S[3 6.4 (8.9) Bl (7.5) #5.1(7.2) 1019 (2.7} <. (M0 1
Median ADL (IQR) 2 (4) 4 (5) Lily 2 =0.001
Median TADL (IQR) 1 (3) 2.51(5) ey 1 (2) =0).001
F1 <L08, n (%) 112 (18.2) 108 (36.2) 301.2) 1 (1.5 <().0011
FI=0.08-0.3, n (%) 93 (15.1) al (20.4) 21 (8.4 11 {16.4) —
FI =0.3, 0 (%) 411 (66.8) 129 (43.4) 226 (H0.4) 56 (B2.1) —_
No cognitive impairment, n (%) 192 (31.3) 160 (53.06) 14 (5.5) 18 (21.2) =001
Mild impairment, n (%) 59 (9.6) 30001000 25 (10.1) 4 (6.1} —
Moderate impairment, n (%) 122 (19.9) 36 (12.1) 68 (27.6) 18 {27.3) —
Severe impairment, n (%) 242 (30.3) T2 (243 140 (56.7) 30 (45.5) —_
Median CIRS {10QR) Si4) 6i3) 4(3) Bi6) <001
TSH (mIU/L), mean (5D 230 (4.29) 2.29 (3.19) 2.07 (5.13) 3.32 (4.46) 0.126
fT3 (ng/L), mean (5D) 249 (0.68) 257 (0.66) 239 (0,75 247 (D.44) =0.01
fT4 (ng/L), mean (5D) 1.27 (0.34) 1.35 (0.39) 1.25 (0.27) 1.19 (2.28) <0.01
ETYE 200 (0.73) 203 (0.67) 1.96 (0.81) 2.15 (11.63) 017
12-Month mortality, n (%) 304 (49.4) 148 [(49.6) 93 (37.2) 63 (94.0) =i).001

ADL. activities of daily living: CIRS, Cumulative Illness Rating Scale: FL, Frailyy Index: (T3, free triodothyronine; (T4, free thyroxine;
GAU, Geriatric Acute Unit; TADL, Instrumental Activites of Daily Living: 1QR, interquartile range: NH, nursing-home; 5D, standard

deviation: TSH. thyrotropin.

1
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FIG. 1. Regression analysis inferential : s inf :
plot. Relationship between fT3/fT4 ratio Fll(t;. l%.l tRegr}?? Slgnt analy Sf!ls.,s,l?ft.f.ﬁemlla]
values and odds of being frail (defined by plot. Refationship between L& values
a 30-items FI, with FI severity categorized and odds of death. The dashed line repre-
as follows: >0.3 frail; 0.08-0.3 prefrail; and sents fT3/fT4 values lower than 1.7 (first
<0.08 robust). The dashed line represents tertile of fT3/fT4 ratio) and the corre-
fT3/fT4 values lower than 1.7 (first tertile of sponding 1-year mortality risk.

fT3/fT4 ratio) and the corresponding proba-
bility of being frail. FI, Frailty Index; T3,
free triiodothyronine; fT4, free thyroxine.

The fT 3/fT 4 ratio value wasinversely correlated with frailty degreeand mortality risk in alarge cohort of
older individuals, including centenarians,regardlessof their sexand clinical condition.



Heterogeneity of Thyroid Function and Impact of Peri-
pheral Thyroxine Deiodination in Centenarians and Semi-
Supercentenarians: Association With Functional Status

and Mortality
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Cluster 3 consistedof 43 CENT/105+ (7 men and 36 women) with a lower level of FT3 and TSH
(p=0.028and p=0.041, respectively)and a higher level of FT4 (p<0.001) comparedto Cluster 1.

Cluster 3 had a worsefunctional, cognitive and depressionstatuscomparedto Cluster 1.
Cluster 3 showedlower estimatedsurvival time comparedto Cluster 1 (p=0.001).
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Principal component analysis (PCA) of the New England Centenarian
Study (NECS) samplesrevealeda clear separationof centenariansfrom the
rest of the cohort (Figure 1C), suggestinga distinct metabolomicprofile.



