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Sch9 null mutants Chico homozygous mutant GHR/BP mice

In several models mutations that affect the GH or insulin/IGF-I signaling generates mutants with

smaller size but with a significant life-span extension.



Nematode and Fly insulin-like signaling pathway

Caenorhabditis

elegans
Drosophila 

melanogaster
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Caenorhabditis elegans Daf-2 mutants live more than twice as long as wild type.

Reducing the activity of IIS significantly extends lifespan primarily

through phosphorylation
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Reduction of the GH/IGF-1 axis at an adult age extends lifespan preferentially in females. 
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‘Inflamm-ageing’: Human ageing is characterized by an increase in proinflammatory mediators. The majority of the age-associated diseases,

such as type 2 diabetes mellitus, neurodegeneration, cancer, osteoarthritis, autoimmune and cardiovascular diseases, have an inflammatory

background. Inflammation is intrinsically linked to oxidative stress. Thus, it can be surmised that unnecessary inflammatory responses

characterize and probably cause the ageing phenotype.

A reduction in GH signaling may prolong lifespan through anti-inflammatory effects and an increase in stress resistance.



HUMANS

Contradictory results



The Hugo brothers, ‘les Géants des Alpes’ (‘the Giants of the

Alps’): Battista Ugo (Baptiste Hugo) 1876-1916, 2.30 m. (7 ft. 7

in.) and Paolo Antonio Ugo (Antoine Hugo) 1887-1914. 2.25 m. (7

ft. 5 in.) and their family.

ACROMEGALY/GIGANTISM





GH DEFICIENCY



Hazard ratios of total mortality in adult-onset

GHD, 1980–2004, subdivided into four age groups

according to age at entry and gender. Open circles,

males; black circles, females. Mortality is

decreasing with increasing age at entry *P < 0.05

and #P < 0.001.



Two important causes of excess mortality were identified: first, adrenal crisis in response to acute stress and

intercurrent illness; second, increased risk of a late appearance of de novo malignant brain tumors in patients who

previously received radiotherapy.



Ecuadorian subjects with Laron syndrome mutations in the

GH receptor (GHR) gene leading to severe IGF-I deficiency.

No change in life-span was observed in this population relative to control individuals.

However, they showed an impressive protection from cancer and diabetes, despite the

high prevalence of obesity.

^ = 1 case of cancer     # = no case of diabetes





Group 1 (—): <25th percentile

Group 2–3 (– – –): between 25th and 75th percentile

Group 4 (-●-): >75th percentile. 

Relatively low circulating IGF-I bioactivity in elderly

men is associated with reduced survival and with

increased cardiovascular risk.

Low baseline levels of IGF-I and IGFBP-1 increase

the risk of fatal ischemic heart disease among

elderly men and women.

GH as an antiaging therapy in elderly



High IGF-I levels were independently

associated with increased all cause mortality



From this meta-analysis evaluating the relationship between circulating IGF-I

levels and mortality, both low and high IGF-I concentrations were associated with

increased mortality in the general population.

A U-shaped relationship was present for both cancer and cardiovascular mortality.

In medio stat virtus

(Virtue stands in the middle)



UK Biobank (n = 440,185): the association between IGF-1 and risk is generally U-shaped, with the exception of a

more uniformly positive relationship between IGF-1 and cancer



IGF-I???



IGF-1 interacts with age to modify risk

in a manner consistent with antagonistic

pleiotropy:

- younger individuals with high IGF-1

are protected from disease

- older individuals with high IGF-1 are

at increased risk for incident disease

or death



UK BIOBANK: Higher serum IGF-1

concentrations are associated with a

lower risk of COVID-19 mortality.



Centenarians represent an exceptional model to study longevity and healthy

aging in humans. Many of these individuals are escaping from major common

diseases such as cancer and diabetes.

LONG-LIVED INDIVIDUALS

(Nonagenarians and centenarians)



J Clin Endocrinol Metab 2003;88:3299–3304
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Most of these studies have a cross-sectional design: centenarians

have been often compared to a control group of younger

subjects.

Therefore, it was not possible to conclude if IGF-I differences

between both groups were expression of a different life span or

of a physiological age-dependent IGF-I decline. Indeed, the

absence of an appropriate control group, together with rarity

and frailty related to extreme age, represent few limitations for

the use of centenarians as a model to study longevity.



Some of these limitations have been overcome by studying centenarians’

offspring.

Centenarians' offspring appear to be a new and promising approach

to identify biological parameters which contribute to human aging

and longevity, without the disadvantages observed in the studies of

centenarians.

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

(subjects matched for age, sex, ethnicity, parent year of birth, but

born from not long-lived parents) thus avoiding cohort effects.



Three hundred and eighty four probands with

exceptional longevity (286 females and 98 males, age

range 95–108 years). The offspring group consisted

of 114 females and 174 males (mean age 67.8). A

unique cohort of Ashkenazi Jewish descent without a

family history of unusual longevity served as

controls (312, mean age 79.5).

Population: In a case control study, Ashkenazi Jews were recruited.



n=67     n=105                                 n=42         n=92



n=67     n=105                            n=42       n=92

n=67     n=105                                 n=42         n=92

Thus, a likely explanation for this finding is that the higher

IGF-I levels represent a compensatory response to reduced

IGF-IR signaling, which would also be associated with a

small decrease in maximal height (although a less bioactive

IGF-I molecule is also a possibility).



(C) Immortalized lymphocytes from the female centenarians carrying mutations (Carrier) in IGF1R (Ala-37–Thr, Arg-407–

His, and Thr-470–Thr) show significant reductions in IGFIR levels compared with immortalized lymphocytes from female

centenarians with no mutations (Noncarrier, n10) as measured by ELISA (P=0.03). (D) IGF signaling is defective in the IGF1R

mutation carriers (Carrier) of female centenarians as compared with female centenarians with no mutations (Noncarrier, n10)

as measured by immunoblot analysis of the ratio of phosphorylated to total AKT in response to IGFI treatment in

immortalized lymphocytes. (E) A representative immunoblot for total and phosphorylated AKT in immortalized lymphocytes

from a centenarian carrying the Arg-407–His mutation and a control centenarian without the mutation.





IGF-I kinase receptor activation assay (KIRA): a highly

sensitive and specific assay for determination of IGF-I

bioactivity in human serum.

(Brugts MP et al. J Clin Endocrinol Metab 2008)





Beyond the ages of 85-90 years, insulin resistance declined again and a group of

subjects with a lower degree of insulin resistance emerged.





The biochemical profile observed in centenarians was comparable to that observed in several other

models of exceptional longevity, suggesting a potential crosstalk between GH/IGF-1/insulin pathways and

adipose tissue metabolism in regard to life extension.



Several studies showed that CR increases lifespan in multiple organisms including yeast, flies,

worms, rodents and monkeys, protecting from disorders and decline in functions related to aging



GH, IGF-I, IGF-II, 

IGFBP…
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IGF-IR expression and
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This category includes steps whereby the downstream processes started by a signal are brought to a conclusion.

We cannot exclude that a slower cell growing/metabolism and a better control in signal transmission through epigenetic

mechanisms may be involved in the process of longevity



• Several mutations that decrease the activity of the GH/IGF-I/insulin

system are associated with extended longevity in organisms ranging

from yeast, nematodes, and fruit flies to mice.

• The relationship of the GH/IGF-I/insulin signaling to human aging is

less striking, and more complex and controversial.

• Indeed, the increased complexity of this network in humans has

made it difficult to disentangle the role of each factor in the

modulation of the life-span and healthy aging.

• Longitudinal studies with a better and repeated characterization of

this system are needed.

Conclusions
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