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• Some patients, despite advanced age and chronic 
comorbidities, may experience temporary disability 
related to illness or trauma, but rebound after recovery 
and return to their baseline. 

• Others may appear robust but tolerate medical stress 
poorly, and never regain full function following illness 
or hospitalization. 

• Still others are noted to have gradual but unrelenting 
functional decline in the absence of apparent stress 
factors.

Why ???



Frailty 

Alas our frailty is the cause, not we for such as we 

are made of such we be.

William Shakespeare, Twelfth Night



J Gerontol, 2001



Although cognitive decline may be found in frail persons, 

frailty resulting primarily from reduced cognition is 

considered a distinct clinical entity.

JAGS, 2004



• The frailty is more prevalent in women than in men

• Over the aging process, the trajectory of health and 

functional status is quite different in men and women

• Women tend to live longer than men but spend a larger 

portion of their life with disability and multiple chronic 

disease 

Why ???



Cycle of frailty

J Gerontol Med Sci, 2001



We described old age as a chronic disease due to 

degeneration of the glands of internal secretions 

(hereinafter frequently referred to as the ductless 

glands), of the thyroid, the sexual glands, and the 

adrenals in particular.

Arnold Lorand

“Old Age deferred” 1910





Diabetes



T  testosterone 

E  estrogen

GH  growth hormone

IGF-1  insulin growth factor 1

DHEA  dehydroepiandrosterone

Vit D  vitamin D.

Hormones and frailty



Endocrine changes with aging

• Pituitary- Gonadal function

– Andropause

– Menopause

• Hypothalamic-pituitary function

– Somatopause (GH, IGF-I)
– TSH

– ACTH

• Adrenocortical function

– Adrenopause (DHEA-DHEAS)



Andropause



J Clin Endocrinol Metab 1983; 

Variation in serum total testosterone 

concentrations 



Longitudinal effects of aging

J Clin Endocrinol Metab 2001 



Hypogonadism in aging men 

J Clin Endocrinol Metab 2001 



The Androgen Deficiency in Aging Male Questionnaire

JAGS, 2003



Clinical Consequences

• Sexual function

• Bone mineral density

• Muscle and fat mass

• Muscle strenght

• Cognitive function

• Metabolic parameters



JAGS, 2007



JAGS, 2007





Effects of Testosterone on Muscle Strength, Physical Function, Body Composition, and Quality of Life in 

Intermediate-Frail and Frail Elderly Men: A Randomized, Double-Blind, Placebo-Controlled Study

Upendram Srinivas-Shankar, Stephen A. Roberts, Martin J. Connolly, Matthew D. L. O'Connell, Judith E. 

Adams, Jackie A. Oldham and Frederick C. W. Wu 

Context: Physical frailty is associated with reduced muscle strength, impaired physical function, 
and quality of life. Testosterone (T) increases muscle mass and strength in hypogonadal 
patients. It is unclear whether T has similar effects in intermediate-frail and frail elderly men with 
low to borderline-low T. 

Objective: Our objective was to determine the effects of 6 months T treatment in intermediate-frail 
and frail elderly men, on muscle mass and strength, physical function, and quality of life. 

Design and Setting: We conducted a randomized, double-blind, placebo-controlled, parallel-group, 
single-center study. 

Participants: Participants were community-dwelling intermediate-frail and frail elderly men at least 
65 yr of age with a total T at or below 12 nmol/liter or free T at or below 250 pmol/liter. 

Methods: Two hundred seventy-four participants were randomized to transdermal T (50 mg/d) or 
placebo gel for 6 months. Outcome measures included muscle strength, lean and fat mass, 
physical function, and self-reported quality of life. 

Results: Isometric knee extension peak torque improved in the T group (vs. placebo at 6 months), 
adjusted difference was 8.6 (95% confidence interval, 1.3–16.0; P = 0.02) Newton-meters. Lean 
body mass increased and fat mass decreased significantly in the T group by 1.08 ± 1.8 and 0.9 
± 1.6 kg, respectively. Physical function improved among older and frailer men. Somatic and 
sexual symptom scores decreased with T treatment; adjusted difference was –1.2 (–2.4 to –
0.04) and –1.3 (–2.5 to –0.2), respectively. 

Conclusions: T treatment in intermediate-frail and frail elderly men with low to borderline-low T for 
6 months may prevent age-associated loss of lower limb muscle strength and improve body 
composition, quality of life, and physical function. Further investigations are warranted to extend 
these results.

J Clin Endocrinol Metab, 2010



Potential harmful effects

• Prostate cancer

• Benign prostatic hyperplasia

• Sleep apnea 

• Erythrocytosis

• Serum lipids



Recommendations 

• In the absence of known pituitary or testicular disease, we suggest 

testosterone therapy only for men with unequivocally and reproducibly low 

serum testosterone concentrations (<200 ng/dL, 6.9 nmol/L) and clinically 

important symptoms of androgen deficiency. Physicians must discuss the 

uncertainty about the risks and benefits of testosterone therapy before 

recommending this approach. 

• The target serum testosterone concentration in these men should be lower 

than that for younger men, for example, 300 to 400 ng/dL, rather than 500 to 

600 ng/dL, to minimize the potential risk of testosterone-dependent diseases. 

• If treatment is undertaken, the man should be screened before treatment and 

monitored during treatment for evidence of testosterone-dependent diseases. 



Menopause



Declining follicle number with age 



Hormone levels

J Clin Endocrinol metab,1999



Clinical Consequences
• Bleeding patterns

• Hot flashes

• Sleep disturbance

• Sexual dysfunction

• Vaginal dryness

• Depression

• Breast pain

• Menstrual migraines

• Skin changes

• Joint pain

• Balance

• Bone loss 

• Cardiovascular disease

• Dementia



Incidence of myocardial infarction

Am Heart J, 1986



JAGS,1999

Free estradiol and cognitive function



NEJM, 2003

Kaplan-Meier estimates of cumulative hazard rates 

of CHD



JAMA, 2003

Risk of dementia with combined estrogen-progestin 

therapy vs placebo



JAMA, 2003

Kaplan-Meier estimates of cumulative hazard rates of 

stroke



JAMA, 2002

HRT increases pulmonary embolism



JAMA, 2003

HRT increases invasive breast 

cancer



Estrogen- progestin therapy reduces hip 

fracture

JAMA, 2002



Depression 

BACKGROUND: Results of previous studies suggest that estrogen improves somatic and mild depressive 

symptoms experienced by perimenopausal women. This study investigated the efficacy of 17beta-estradiol for 

the treatment of clinically significant depressive disorders in endocrinologically confirmed perimenopausal 

women.

METHODS: Perimenopausal women (aged 40-55 years, with irregular menstrual periods and serum 

concentrations of follicle-stimulating hormone>25 IU/L), meeting criteria for major depressive disorder, 

dysthymic disorder, or minor depressive disorder, according to DSM-IV, were randomized to receive transdermal 

patches of 17beta-estradiol (100 microgram) or placebo in a 12-week, double-blind, placebo-controlled study. A 

4-week washout period followed the 12-week treatment phase. Outcome measures were the Montgomery-

Asberg Depression Rating Scale and Blatt-Kupperman Menopausal Index scores. 

RESULTS: Fifty women were enrolled in the study; 26 met DSM-IV criteria for major depressive disorder, 11 for 

dysthymic disorder, and 13 for minor depressive disorder. Remission of depression was observed in 17 (68%) 

women treated with 17beta-estradiol compared with 5 (20%) in the placebo group (P =.001). Subjects 

responded similarly to estradiol treatment, regardless of DSM-IV diagnosis. Patients treated with estradiol 

sustained antidepressant benefit of treatment after the 4-week washout period, although somatic complaints 

increased in frequency and intensity. Treatment was well tolerated and adverse events were rare in both 

groups. 

CONCLUSION: Transdermal estradiol replacement is an effective treatment of depression for perimenopausal 

women. 

Arch Gen Psychiatry; 2001 



NEJM, 2004

HRT reduces invasive colorectal 

cancer



• The frailty is more prevalent in women than in men

• Over the aging process, the trajectory of health and 

functional status is quite different in men and women

• Women tend to live longer than men but spend a larger 

portion of their life with disability and multiple chronic 

disease 

Why ???



• We can hypothesized that frailty is more likely to develop in women 

because over the life span men reach a greater peak muscle and 

bone mass, hence resulting in a greater reserve.

• The rapid decline in estrogens in women at menopause may 

contribute to the rapid decline in bone mineral density, and the 

slight decline in androgens may lead to decreased lean body mass.

• The slower and less consistent decline in testosterone levels in men 

may contribute to delay the development of frailty 

Med Clin North Am, 1999



Somatopause



Pattern of GH Secretion in younger and older 

women and men

J Clin Endocrinol Metab,1987



Major components of the GH neuroregulatory 

system

Clin Interv in Ageing, 2008



Clinical features of the adult GHD 

syndrome
• ↑ Fat mass (especially abdominal fat)

• ↓ Lean body mass

• ↓ Muscle strength

• ↓ Cardiac capacity

• ↓ RBC volume

• ↓ Exercise performance

• ↓ Bone mineral density

• Atherogenic lipid profile

• Thin, dry skin; poor venous access

• Impaired sweating

• Psychosocial problems

– Low self-esteem

– Depression

– Anxiety

– Fatigue/listlessness

– Sleep disturbances

– Emotional lability and impaired self-control

– Social isolation

– Poor marital and socioeconomic performance



Effects of GH replacement in GHD 

adults
• ↓ Fat mass (especially abdominal fat)

• ↑ Lean body mass

• ↑ Total-body water and plasma volume

• ↑ Muscle mass strength

• ↑ Improved cardiac capacity

• ↑ Red blood cell volume

• ↑ Skin thickness

• ↑ Sweating

• ↑ Exercise capacity

• ↑ Resting energy expenditure

• ↑ Bone mineral density (after 1 yr of treatment)

• Altered lipid profile

– Decreased total cholesterol

– Decreased LDL-C

– Decreased Apo B

– Decreased triglycerides (if initially elevated)

– Increased HDL-C (not seen in all studies)

– Increased Lp(a)

• ↓↑ Insulin sensitivity (↓ acutely, ↑ after changes in body composition)







Common side effects

• Fluid retention; edema

• Arthralgias

• Carpal tunnel syndrome

• Decreased insulin sensitivity (acutely); 

hyperglycemia



Clinical Interventions in Aging 2008



Adrenopause



Changes in Levels of Serum Sulfated DHEA in 

Both Men and Women, According to Age.



DHEA and DHEA-S

• DHEA is converted to DHEA-S in the adrenal and liver, both of 

which contain a sulfotransferase.

• In the adrenal glands and peripheral tissues such as hair follicles, 

prostate, external genitalia, and adipose tissue, small amounts of 

DHEA and DHEA-S are converted to more active androgens such 

as androstenedione, androstenediol, testosterone, and 5-

dihydrotestosterone, and estrogens such as estradiol and estrone. 

These hormones then exert their usual androgenic and estrogenic 

effects via the androgen and estrogen receptors, respectively. 

• In women, adrenal production of DHEA and DHEA-S contributes 

substantially to overall androgen production and effects.

• In men the adrenal contribution is very small.



Although DHEA and sulfated DHEA are 

the most abundant steroids secreted 

from the adrenal cortex, when compared 

with their corticosteroid counterparts —

cortisol and aldosterone — they remain 

something of an enigma. 

NEJM; 2006



A prospective study of dehydroepiandrosterone sulfate, mortality, and 

cardiovascular disease

E Barrett-Connor, KT Khaw, and SS Yen 

It has been postulated that dehydroepiandrosterone (DHEA) and its sulfate ester, dehydroepiandrosterone sulfate 

(DHEAS), the major secretory products of the human adrenal gland, may be discriminators of life expectancy and 

aging. We examined the relation of base-line circulating DHEAS levels to subsequent 12-year mortality from any 

cause, from cardiovascular disease, and from ischemic heart disease in a population-based cohort of 242 men 

aged 50 to 79 years at the start of the study. Mean DHEAS levels decreased with age and were also significantly 

lower in men with a history of heart disease than in those without such a history. In men with no history of heart 

disease at base line, the age-adjusted relative risk associated with a DHEAS level below 140 micrograms per 

deciliter was 1.5 (P not significant) for death from any causes, 3.3 (P less than 0.05) for death from cardiovascular 

disease, and 3.2 (P less than 0.05) for death from ischemic heart disease. In multivariate analyses, an increase in 

DHEAS level of 100 micrograms per deciliter was associated with a 36 percent reduction in mortality from any 

causes (P less than 0.05) and a 48 percent reduction in mortality from cardiovascular disease (P less than 0.05), 

after adjustment for age, systolic blood pressure, serum cholesterol 

level, obesity, fasting plasma glucose level, cigarette smoking 

status, and personal history of heart disease. Our conclusions are 

limited by the single determination of DHEAS levels, but the data 

suggest that the DHEAS concentration is independently and 

inversely related to death from any cause and death from 

cardiovascular disease in men over age 50. 

NEJM, 1986

https://secure.nejm.org/campaigns/Register/REGONJEJ0607/REGONJEJ0607.aspx?promo=ONFLNR28&cpc=REGONJEJ0607


Biomarkers of Caloric Restriction May Predict Longevity in Humans

George S. Roth, Mark A. Lane, Donald K. Ingram, Julie A. Mattison, Dariush 

Elahi, Jordan D. Tobin, Denis Muller, and E. Jeffrey Metter 

Science, 2002

Longevity in healthy humans is associated 

with high levels of DHEA







2006


