
Introduction

Aging has been co nceptualized as the dec lining
efficiency of the mechanisms that maintain the home-
ostatic equilibrium, which is co ntinuously challenged
by destabilizing events (1).

Among different pathways involved in the aging
process of par ticular impor tance ar e the hor monal
changes characterized by an imbalance bet ween cata-
bolic hormones that r emain stable and anabolic hor-
mones that decrease across age. All these changes con-
tribute to the catabolic milieu typical of older and ac-
celerated age (2).

Male aging is c haracterized by a pr ogressive de-
cline in anabolic hor mones suc h as testoster one, in-
sulin like gr owth factor-1 (IGF-1) and deh y-
droepiandrosterone sulphate (DHEAS).

The decline in one single anabolic hor mone has
been associated with specific sy mptoms and c linical
signs. The ter m late onset hypog onadism (LOH) has
been coined to indicate the symptoms possibly related

to testosterone deficiency, somatopause to indicate the
possible c linical implic ation of the dec line in GH-
IGF-1 activity and adrenopause to describe the clinical
consequences of low DHEA biological activity (3).

Although ther e is a c lear o verlapping bet ween
these syndromes, the prevalent line of r esearch in the
past dec ades tr ied to explain man y age-r elated p he-
nomena as co nsequence of o ne single hor monal de-
rangement.

For instance c hanges in body co mposition,
higher r isk of ana emia and metabolic sy ndrome in
older men have been associated with low testosterone
levels (4-5), IGF-1 signalling has been co nsidered a
determinant of longevity, possibly through beneficial
effects o n skeletal m uscle, vasculature and metabo-
lism (6) and final ly DHEAS has been co nsidered
one of the mediators of the r elationship bet ween
caloric restriction and longevity in both animals and
humans (7).

However, the idea that a single c hange may ex-
plain the aging pr ocess str ongly disagr ees with the
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current concept of acceler ated aging whic h implies a
parallel dysregulation of multiple systems.

There has been r ecent inter est o n o ne specific
model of acceler ated aging, physical frailty, an highly
prevalent co ndition in the ger iatric populatio n, and
definable as a state of vulnerability to stressors and dif-
ficulty in maintaining ho meostasis, due to decr eased
physiologic r eserves. This co ndition corr elates with
many adv erse health outco mes, including disabilit y,
dependency, falls, hospitalization, need for lo ng-term
care and mortality (8).

Multiple pathwa ys ar e in volved in the de velop-
ment of frailty syndrome including the hormonal dys-
regulation (figure 1) (9). According to this hypothesis
one single hormonal derangement, namely single ana-
bolic hormone deficiency, has been associated with ac-
celerated aging (fr ailty) and mor tality, with contrast-
ing and often disappointing results.

Single anabolic deficiency and frailty

DHEAS and frailty

In 494 wo men aged 70-79 y ears enrolled in the
Women’s Health and Aging S tudies I or II, DHEAS
deficiency was not associated with fr ailty, defined ac-
cording to Fried’s criteria (8, 10). By contrast two oth-
er studies found that fr ail (where fr ailty was defined
according to different criteria) older men and wo men
have lower DHEAS levels (11-12).

Testosterone and frailty

Recently lo w le vels of bioavailable testoster one
were independentl y associated with worse baseline
frailty status (13). On the co ntrary, other studies
found no associatio n bet ween total and fr ee testos-
terone and fr ail phenotype in both men and wo men
(14, 10).

IGF-1 and frailty

We have also similar and contradictory results for
total IGF-1. Leng et al in 18 fr ail and 33 no n fr ail
community-dwelling older adults with co mplete data

on serum levels of IGF-I, DHEA-S, and IL-6 found
that age-adjusted ser um le vels of IGF-I (88±49 v s
122±47 [ng/mL], p<0.023) and DHEA-S (0.30±0.21
vs 0.53±0.25 [microg/mL], p=0.016) were significant-
ly lo wer in fr ail v s no n-frail individuals, respectively
(11).

On the co ntrary, IGF-1 was not associated and
was not pr edictive of fr ailty sy ndrome in older men
and women (15), and consistently women with IGF-
1 deficiency were not more likely to be frail (10).

Multiple hormonal dysregulation and frailty

Although the r elationship between a single hor-
monal der angement and fr ailty or acceler ated aging
(LOH, somatopause, adrenopause) is uncer tain, the
connection between parallel changes in multiple hor-
monal axes (multiple hormonal derangement) and the
accelerating a ging a re m ore i nteresting. There i s
strong evidence that neuroendocrine dysregulation has
an impor tant r ole in the c linical de velopment of
frailty.

Therefore to weigh the impact of hormonal path-
way o n aging pr ocess and age-r elated syndromes is
probably to co nsider the m ultiple and par allel hor-
monal dysregulation (Figure 1) (9).

By providing notion to this hypothesis, plurihor-
monal dysregulation rather than single hor monal de-
rangement has been associated with fr ailty syndrome
in both men and women (2, 10-11).

Maggio et al selected from old male population of
the InCHIANTI Study 403 no n frail subjects mean
age ±SD of 73.2±6.2 and 34 fr ail men with 79.7±7.5,
and with co mplete data on testoster one (total, free,
bioavailable), cortisol, DHEAS IGF-1 (total and
free), insulin (fasting) and leptin. In this populatio n
criteria for diagnosis of fr ailty syndrome according to
Fried et al were applied. They investigated the preva-
lence of the frailty syndrome according to age-adjust-
ed quintiles of hor monal le vels with no e vidence of
significant trend for any of these hormones (2).

However, the prevalence of frailty increased with
the number of hormones dysregulated.

Participants with 2-3 hor mones dy sregulated
were 2.2 times more likely to be frail, while those with
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more than 4 hormones dysregulated were more than 6
times to be frail.

Accordingly, Cappola et al in vestigated the r ela-
tionship bet ween anabolic deficienc y (total IGF-1,
DHEAS, and fr ee testoster one) and fr ailty in 494
women aged 70-79 y ears enr olled in the Women’s
Health and Aging S tudies I or II. As expected, the
prevalence of hor monal dy sregulation accor ding to
frail status and the percentage of hormonal deficit was
higher in the frail group.

In adjusted anal yses examining the abilit y of the
hormonal deficienc y count to pr edict fr ailty, women
with one hormonal deficiency were not more likely to
be fr ail than wo men with no hor monal deficienc y.
However, women with two or more deficiencies were
significantly more likely to be frail than their counter-
parts with no hor monal deficiency, suggesting a non-
linear r elationship bet ween the bur den of hor monal
deficiencies and frailty (10).

Similarly Leng et al in 18 fr ail and 33 no n-frail
community-dwelling older adults with co mplete data
on serum levels of IGF-I, DHEA-S, and IL-6 found
that age-adjusted ser um le vels of IGF-I (88±49 v s
122±47 [ng/mL], p<0.023) and DHEA-S (0.30±0.21
vs 0.53±0.25 [microg/mL], p=0.016) were significant-
ly lo wer in fr ail v s no n-frail individuals, respectively
(11).

The concept that a single hor monal deficiency is
not a powerful marker of poor heath status is enforced
by studies testing the link bet ween anabolic deficien-
cy (DHEAS, testosterone, IGF-1) and mortality.

Relationship between DHEA e DHEAS and mortality

Table 1 shows the studies testing the r elationship
between DHEAS and mor tality. The first study is the
12 year longitudinal population study of Barr ett-Con-
nor et al performed in 242 men (age range 50-79 years)
of Rancho Bernardo Study. In this study DHEA levels
were related to c ardiovascular and al l c ause mor tality.
Low DHEAS le vels were predictors of c ardiovascular
but not of al l c ause mor tality. A multivariate anal ysis
adjusted for se veral confounders (age, BMI, smoking,
fasting glucose, cholesterol, systolic blood pressure, his-
tory of coronary artery disease) showed that an increase
in DHEA concentration is associated with 36% reduc-
tion in all cause mortality and 48% decrease in cardio-
vascular mortality (16). Accordingly, Mazat et al in 290
older men and women of Pasquid study underlined the
role of low DHEA level as predictor of al l cause mor-
tality, but only in male subjects aged between 65 and 69
years (17). By contrast Cappola, et al, in 5-year follow
up period analysis performed in 539 women (mean age

Figure 1. Overview of the hypothesized molecular, physiological, and clinical pathway to frailty focusing on the potential interac-
tion between gene variation, oxidative stress and neuroendocrine dysregulation in the development of frailty (Adapted from Ref 9)

08-maggio  17-03-2010  15:27  Pagina 21



22 M. Maggio, C. Cattabiani, F. Lauretani, et al.

77.6 y ears) of Women’s Health and Aging S tudy I
(WHAS I), showed a U shape r elationship bet ween
DHEAS and mortality. DHEAS in the lowest quartile
was predictive of cardiovascular mortality and DHEAS
levels in the highest quar tile were predictive of c ancer
mortality (18). In a more recent perspective study, Cap-
pola et al in 952 subjects of both sex es followed during
8 –y ear fol low-up per iod, showed that steep dec line
and extreme variability in DHEAS levels had a signif-
icantly higher death r ate than those with neither pat-
tern (141 vs 48 deaths per 1,000 person-years, p < .001)
(19). In contrast with these studies,Tilvis et al in 5 year
follow-up period longitudinal study co nducted in 571

subjects of both sex es did not sho w any significant re-
lationship bet ween DHEAS and al l c ause mor tality
(20).

Testosterone and mortality

The relationship between testosterone levels and
risk of death ( Table 2) was first anal yzed in a smal l
study co nducted in a ger iatric r ehabilitation unit.
Shores et al. found that men with lo w testoster one
levels had an incr eased 6-month mortality compared
with men with normal testosterone levels (21).

Table 1. Studies testing the association between DHEA(S) and mortality

Author, Year, Ref Time of Number and Results
follow up age of 

(years) Subjects

PROS*
Barrett-Connor (1986) 12 years 242 men Low DHEAS is a predictor of death It is
ref 16 50-79 years inversely related with all-cause mortality (36%)

and with cardiovascular mortality (48%)

Cappola (2006) 8 years 952 subjects of both sexes DHEA is predictor of mortality in women 
ref 19 (Cardiovascular Health Study) with significant decline in DHEA levels

age >65 yr DHEA is predictor of mortality in men with 
(median ? 72.5yr, significant decline in DHEA levels
median / 73.2 yr)

CONS** 
Tilvis (1999) 5 years 571 subjects DHEAS is not predictor of 5 yr mortality,
ref 20 75 years and older but subjects who died had lower DHEA levels

Mazat (2001) 8 years 290 subjects DHEAS is not predictor of 8 –yr mortality in women.
ref 17 (119 ?, 171 /) DHEA is predictor of mortality only in smokers 

65 yers older subjects and 65 -69 yr old men.

Cappola (2009) 5 years 539 women DHEAS is predictor of cardiovascular mortality
ref 18 WHAS I Study in women with lower DHEAS levels.

age 65-101 yr DHEAS is predictor of cancer mortality in women
(median 77.6 yr) with higher DHEAS levels

Maggio (2007) 6 years 410 men DHEAS, Testosterone, IGF-I (in the lowest 
ref 28 (InCHIANTI Study) quartiles of the population), were an independent 

age > 65 yr predictor of all cause mortality. On the contrary,
serum levels of each of these hormones considered 

separately were not associated with mortality

* PROS: supporting the hypothesis that single hormonal derangement is predictor of mortality
** CONS: against this hypothesis
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After these preliminary findings, Shores et al in a
retrospective cohort study co nducted in 858 midd le-
age and elderly male veterans, showed an inverse asso-
ciation between testosterone levels and mortality (22).

Khaw et al also examined the pr ospective rela-
tionship bet ween endogenous testoster one co ncen-
trations and all cause, cardiovascular and cancer mor-
tality in a c ase-control study inc luding 11606 men
aged 40 to 79, during 7 y ear fol low up per iod. En-
dogenous testosterone levels at baseline r esulted in-

versely related to all cause, cancer, and cardiovascular
death, but not with c hronic hear t failur e mor tality
(23).

Additionally, Laughlin et al reported the associa-
tion of ser um testosterone with al l c ause and c ause-
specific mor tality amo ng 794 co mmunity-dwelling
older men fr om the R ancho Ber nardo S tudy, who
were fol lowed for 11,8 y ears. In this m ulti-adjusted-
analysis, low total and bioavailable testoster one were
each significantly associated with ele vated cardiovas-

Table 2. Studies testing the association between testosterone and mortality

Author Year Ref Time of Number and Results
follow up age of 

(years) Subjects

PROS 4.3 858 Low testosterone levels are associated with an
Shores MM (2006) aged ³ 40 yr increased mortality risk either in an unadjusted
ref 22 model or in partially and fully adjusted model

Knaw KT ( 2007) 7 11606 Lowest quartile of TT levels are inversely related 
ref 23 40-79 yr to mortality due to all-causes, cardiovascular 

and cancer causes, but not in chronic heart 
disease mortality

Laughlin GA ( 2008) 11.8 794 Lowest quartile of TT and BioT levels are inversely 
ref 24 50-91 yr related to mortality due to all-causes, cardiovascular 

(median 73,6) and respiratory causes, but are not significantly
related with cancer cause

Menke A (2010) 9 yr 1114 men Men with low free and bioavailable testosterone 
ref 25 age ³ 20 yr levels may have a higher risk of mortality within 

9 years of hormone measurement

CONS
Smith GD (2005) 16.5 2512 Positive Association between Cortisol/Testosterone
ref 26 45-59 yr Ratio and ischemic heart disease mortality,

but no association between testosterone 
and CV death, incident ischemic heart disease

Araujo AB 2007) 15.3 1686 In multivariate-adjusted models higher F T and 
ref 27 40-70 yr lower DHT levels are associated with ischemic 

heart disease. Moreover higher FT levels are 
associated with respiratory mortality, but TT e

SHBG level not associated with al l-cause mortality

Maggio M (2007) 6 410 Low circulating levels of multiple anabolic hormones,
ref 28 aged ³ 65 yr including BioT, IGF-I and DHEAS (in the lowest 

quartiles), are independent predictor of mortality
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cular mor tality and death due to r espiratory disease
but not with cancer or all cause death (24).

Recently Menke et al anal yzed the r elationship
between testosterone levels and all-causes mortality in
1114 US men dur ing 9 years follow up period, show-
ing that men with lo w fr ee and bioavailable testos-
terone hav e higher mor tality r isk (25). Contrasting
data come from 3 other prospective studies (26-28).

In the Caerphilly Study, Smith et al, demonstrat-
ed a positiv e associatio n bet ween Cor tisol:Testos-
terone ratio and isc hemic death and incidence of is -
chemic hear t disease , but not with other c auses of
death. In the same study no association was found be-
tween testosterone levels and mortality (26).

Araujo et al, examined the r elationship between
serum testosterone, dihydrotestosterone and sex hor-
mone binding globulin (SHBG) and all cause mortal-
ity in 1709 older adult men of Massac husetts Male
Aging S tudy. During 15 y ear fol low up per iod fr ee
testosterone le vel was positiv ely associated with is -
chemic heart disease (I HD) mortality, but negatively
and strongly associated with respiratory disease death.
Moreover, dihydrotestosterone le vels wer e in versely
related with IHD mortality (27).

Finally, Maggio et al. in 410 old male subjects
from InCHIANTI study, followed during 6 year fol-
low up, found that lo w cir culating le vels of m ultiple
anabolic hormones were independent predictors of all
cause mor tality. On the co ntrary, low bioavailable
testosterone le vel alone was not signific ant predictor
of mortality (28).

IGF-I and mortality

The age-related decline in IGF-I levels is associ-
ated with changes in body composition, altered cogni-
tive and imm une function, worse cardiovascular pro-
file and cancer progression (6).

The IGF-I plays an important role in the regula-
tion of str ucture and functio n of the c ardiovascular
system. IGF-I c an dir ectly oppose endothelial dy s-
function in a number of ways: by inter acting with
high-affinity endothelial binding sites that lead to ni-
tric oxide (NO) production, by promoting insulin sen-
sitivity and potassium- c hannel opening . IGF-I also

modulates macr ophage activatio n, chemo-taxis and
cytokine r elease, enhances cel lular LDL uptake and
degradation, and promoting endothelial cell migration
and regulating angiogenesis. Therefore IGF-I induces
vasodilatation and other beneficial effects at the vessel
wall, like enhance glucose uptake, anti-platelet action,
free oxygen radical scavenging (29-30).

A negative role for IGF-I has been demonstrated
in carcinogenesis. High serum concentration of IGF-
I is associated with an incr eased r isk of br east,
prostate, colorectal and lung cancer. Thus IGF-I has a
strong influence o n cel l proliferation and diff erentia-
tion and is a potent inhibitor of apoptosis. The action
of IGF-I is pr edominantly mediated thr ough the
IGF-I r eceptor (IGF1R) whic h is o verexpressed by
many tumor cell lines (31-33).

All these data suggest a potential associatio n be-
tween IGF-I bioactivit y and mor tality fr om c ardio-
vascular or cancer disease (Table 3).

Although studies hav e analyzed the r elationship
between IGF-I le vels and mor tality in older subject,
the role of IGF-I as a single deter minant of longevity
is still debated (34).

Several data revealed an association between low
IGF-I levels and increased mortality.

For instance, Roubenoff et al. have demonstrated
an associatio n bet ween lo w IGF-I le vels and an in-
creased al l-cause mor tality in 525 co mmunity-
dwelling older adults (35).

Analysing 252 centenar ians dur ing 6,2 y ear fol-
low up period, Arai et al observed that low IGF-I lev-
els were associated with incr eased mortality, suggest-
ing that IGF-I axis ma y be potential ly important for
maintaining health and pr omoting sur vival at an ex-
tremely old age (36).

Consistently, Saydah et al. (37) and F riedrich et
al. (38) showed that the dec line in IGF-I le vels is as-
sociated with al l-causes of death, and with cardiovas-
cular and cancer mortality.

The association with cardiovascular mortality was
also analyzed by Laughlin et al (39). In this study, the
association of ser um IGF-I and al l c ause, ischemic
heart disease (IHD) and non-IHD c ardiovascular
mortality was examined in 633 men and 552 post-
menopausal women, aged 51-98 yr, during 13 year fol-
low up per iod. The authors showed that IGF-I le vels
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Table 3. Studies testing the relationship between IGF-1 and mortality

Author Year Ref Time of Number and Results
follow up age of 

(years) Subjects

Pros
Brugts MP (2008) 8,6 yr 376 men There is positive relationship between IGF-I 
ref 40 age: 73-94 yr bioactivity and survival in older male subjects.

Negative relationship between IGF-I bioactivity 
and cardiovascular risk.

Cappola AR (2003) 5 yr 718 women The combination of low IGF-I and high IL-6 le vels
ref 42 age >65 yr confers a high risk for progressive disability and

(77,6 yr) death in women.

Friedrich N (2009) 8,5 yr 1988 men No association between IGF-I levels and mortality 
ref 38 2069 women in women. In men an inverse associations between

age 20-79 yr IGF-I levels and all cause mortality, cardiovascular 
mortality or cancer death.

Roubenoff R (2003) 4 yr 525 subjects Low IGF-I levels is associated with increased 
ref 35 202 men mortality in community-dwelling elderly adults.

323 women The relationship remains significant after adjustment 
age 72-92 for multiple confounders.

Arai Y (2008) 6,2 yr 252 subjects The IGF-I axis may be potentially important 
ref 36 197 women for mantaining health and function and promoting

55 men survival at an extremely old age.
age > 100 yr The relationship between low IGF-I levels and 

mortality remains significant after adjusting for
multiple confounders.

When adjusted for covariates and for conventional 
risk factors, like serum levels of albumin, HDL-C,

and IL-6 the relationship loses significance.

Laughlin GA (2004) 13 yr 633 men Low IGF-I levels are predictors of mortality for all 
ref 39 552 women causes and for non-ischemic heart disease (IHD)

51-98 yr cardiovascular mortality.
Negative correlation between IGF-I levels and 
mortality for ischemic heart disease in men and 

women, independent of cardiovascular risk factors.

Saydah S (2007) 12 yr 6056 subjects Mortality decreased with increasing IGF-I quartiles
ref 37 2741 men for deaths from all causes, heart disease and cancer 

3315 women but the trend was not statistically significant for 
age 43,9 yr adjusted models.

Yamaguchi H (2008) 90 days 54 patients with acute Low concentration of serum IGF-I on admission
ref 41 myocardial infarction was associated with a poor ear ly prognosis of 

acute myocardial infarction.

Cons 
Andreassen M (2009) 30 months 363 subjects: IGF-I levels were not reduced in patients with
ref 43 194 cases CHF and did not influence c ardiac status at

169 controls baseline or the prognosis
(105 women,

258 men)
age 68 ±10 

(continued)
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are not r elated with al l cause or no n-IHD mortality,
but low IGF-I le vels increased the r isk of fatal I HD
among elderly subjects, independent of cardiovascular
risk factors.

Similarly Brugts et al suggested that high IGF-I
bioactivity in elder ly men is associated with extended
survival and with reduced cardiovascular risk (40).

Hypothesizing an associatio n bet ween ser um
IGF-I levels and poor clinical outcomes in patients af-
fected by acute my ocardial infar ction (AMI), Yam-
aguchi et al. examined the impact of ser um IGF-I in
acute p hase of AMI o n 90-da y mor tality. Patients
with low IGF-I le vels at hospital admissio n had sig -
nificantly lower survival rate (41).

Moreover, Cappola et al. (42) demonstrated, in a
cohort of 718 women aged 65 or older enrolled in the
Women’s Health and Aging S tudy I, that the combi-
nation of lo w IGF-I and high IL-6 le vels co nfers a
high r isk for death, suggesting an aggr egate effect of
dysregulation in endocr ine and imm une sy stems o n
mortality.

On the contrary, three different studies found no
association bet ween IGF-I le vels and mor tality (43-
45).

Recently, Andreassen et al (43) examining 363
subjects aged 68 ± 10 yr affected by chronic heart fail-
ure (CHF) found no e vidence of association between
IGF-I levels and adverse outcomes.

Hu et al. evaluated the r elationship bet ween
IGF-I le vels and mor tality in 725 health y men and
women aged 70 and older . In this study, IGF-I levels
were not predictive of mortality (44).

Similarly, Kaplan et al, showed no association be-
tween IGF-I and al l cause mortality in 1122 subjects
aged >65 y r, evaluated dur ing 8-y r fol low up per iod
(45).

Moreover Raynaud Simon et al in 256 communi-
ty-dwelling subjects aged 65-101 years, enrolled in the
Paquid study obser ved a positiv e association between
high IGF-I levels and short term mortality (46). Con-
sistently, in a population based study of 642 individu-
als, aged 50–89 years and with a median of 5 y ear fol-
low-up period, Andreassen et al found that high IGF1
levels were independently associated with increasedall
cause mortality and risk of development of CHF (47).

And r ecently Major et al examining 633 older
community-dwelling men aged 50 yr and older (mean
age=73) showed a signific ant positive quadratic asso-

Table 3 (continued). Studies testing the relationship between IGF-1 and mortality

Author Year Ref Time of Number and Results
follow up age of 

(years) Subjects

Hu D (2009) 6,2 yr 625 subjects: No association between IGF-I levels and all 
ref 44 age > 70 yr cause mortality

Kaplan R (2008) 8 yr 1122 subjects: Low total IGF-I had a marginal associatio n 
ref 45 725 women with weaker hand-grip strength, but total IGF-I

397 men levels did not predict walking speed, incident decline
age >65 yr in functional status or mortality.

Raynaud Simon (2001) 6 yr 256 subjects Highest IGF-I levels were associated with higher risk
ref 46 age 65-101 yr of short term mortality

Andreassen (2009) 5 yr (median) 642 men and women High IGF-I levels were independently associated
ref 47 50-89 with increased all cause mortality and risk of

68.3±10.8 years development of CHF

Major J (2010) 18 yr 633 men Higher serum IGF-I in older men is 
ref 48 age>50 yr associated with increased risk cancer of death

(mean 73)
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ciation bet ween IGF-I and al l-cancer mor tality
(P=0.039) af ter adjusting for age , IGF-binding pr o-
tein-1, adiposity, exercise, current smoking, and previ-
ous cancer (48).

In co nclusion the r ole of single hor monal de-
rangement as r isk factor for death is matter of debate
and more attention should be devoted to multiple hor-
monal dysregulation.

Multiple hormonal dysregulation as predictor of
mortality

Maggio et al in a large study of older men, the
Aging in the CH IANTI Area (InCHIANTI) study
showed the important role of multiple hormonal dys-
regulation and par ticularly anabolic deficienc y as im-
portant pr edictor of mor tality in 6 y ear lo ngitudinal
study. In this study testoster one, IGF-1, DHEAS,
were evaluated in a representative sample of 410 men
65 years and older. Men were divided into four groups:
no hormone in the lowest quartile (reference) and one,
two and thr ee hor mones in the lo west quar tiles.
Thresholds for lowest quartile definitions were identi-
fied as 70 ng/d l for bioavailable testoster one, 63.9
ng/ml for total IGF-1 and 50 ug/d l for DHEAS.

After adjusting for co nfounders inc luding age ,
body mass index, cognitive and mood function, phys-
ical activity, hypertension, coronary heart disease and
congestive hear t failur e, stroke, diabetes, parkinson
disease, peripheral ar tery disease , pulmonary disease ,
and c ancer no associatio n was found bet ween single
hormone and mortality. However, the HR for mortal-
ity incr eased signific antly with the number of hor-
mones dysregulated but it was significant only for the
group having al l the hor mones in the lo west quartile
(28).

Similar results were found by Jankowska et al. in
men affected by c hronic hear t failure. In this manu-
script, participants with nor mal le vels of al l anabolic
hormones had the best 3-year survival rate (83%, 95%
CI 67% to 98%) co mpared with those with deficien -
cies in 1 (74% sur vival rate, 95% CI 65% to 84%), 2
(55% survival rate, 95% CI 45% to 66%), or all 3 (27%
survival rate, 95% CI 5% to 49%) anabolic endocr ine
axes (P<0.0001) (49).

Conclusions

All these studies suggest that m ultiple hormonal
dysregulation is a mor e impor tant predictor of fr ailty
and mor tality than a single anabolic hor monal de-
rangement in the elderly. This paradigm underlines the
importance to examine multiple hormonal axes simul-
taneously in this populatio n (50-51). A key feature of
homeostasis is the interrelatedness of systems, which is
a departure fromthe one disease/one organ system ap-
proach. We believe that thisis particularly applicable to
the hor monal par adigm, since hor mones circulate in
the bloodstr eam to target r eceptors thr oughout the
body, resulting in m ultisystem effe cts. The endocr ine
system and its net work of hor monal pathways is one
network that itself oper ates as par t of a m uch broader
network. This paradigm could also be fur ther expand-
ed to inc lude additio nal networks outside the en -
docrine system, most notably inflammation,which can
affect and be aff ected by multiple hormones. Despite
the unclear therapeutic implications of the paradigm of
multiple hor monal dysregulation, these findings sug-
gest to move beyond the “one deficiency, one replace-
ment” model into an integr ated approach to m ultiple
hormonal dysregulation during accelerated aging.
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