
• Study procedures: 
• Medical history, physical assessments and blood samples
• Vital status obtained for men aged ≥90: 82% confirmed deaths, 5% 

censored at last time of contact, and 13% lost to follow-up
• Laboratory measures: total testosterone (LC-MS); sex hormone binding 

globulin (SHBG), luteinizing hormone (LH) (immunoassays); free 
testosterone (calculated); lipid profiles 

• Low testosterone defined by 1st quartile of total testosterone (≤276 ng/dL)
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Background

Aims

• Levels of total testosterone and its bioactive form, free testosterone,
decline with age

• Low testosterone in aging men most commonly results from secondary
hypogonadism (Figure 1), which is induced by metabolic dysfunction

• Testosterone supplementation in older men has uncertain benefits and
may cause harm

• Individuals with exceptional longevity delay the onset of age-related
diseases; thus, they are an attractive research model of healthy aging

• Data on function of gonadal axis in men at extremes of old age are limited
• Understanding the health implications of age-related changes in male

gonadal axis is of paramount importance

Conclusions

Results

Figure 2. Study flowsheet.
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Methods

Table 1. Subject characteristics.
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Figure 1. Male gonadal axis: normal physiology and pathophysiology of hypogonadism.

• To characterize the function of gonadal axis in men with exceptional 
longevity

• To evaluate the implications of low testosterone levels in men with 
exceptional longevity for (1) metabolic health and (2) survival

Eligible men 
n=429 

Treated with testosterone 
or GnRH agonist 

n=2
Included in the 
final analysis

n=427

Offspring of parents 
with exceptional 

longevity (Offspring)
n=238 

Controls 
n=80

Unable to 
classify
n=25  

Age 50-89 years
n=343

Age ≥ 90 years
n=84 

• Study population: Ashkenazi 
Jewish males from the cross-
sectional Longevity Genes 
Project cohort (Einstein)

Figure 5. Kaplan-Meier curves for the baseline
testosterone status as a predictor of survival in men
age ≥ 90 years at enrollment

²Among men with exceptional longevity:
• About half had low testosterone, mostly due to primary testicular failure
• Low testosterone was not associated with metabolic dysfunction or

survival
• Appropriate hypothalamic-pituitary response to gonadal failure,

manifesting as rise in LH, may be a biomarker of healthy aging

Figure 3. Prevalence of low testosterone and hormone levels by age group. A. Prevalence of low
testosterone B. Total testosterone. C. Free testosterone. D. SHBG. E. LH. p-values are derived from
overall comparisons between the groups (A: Chi-square, B-D: ANOVA, E: Kruskal-Wallis); horizontal bars
represent post-hoc pairwise comparisons statistically significant at Bonferroni-adjusted p-value cutoffs.

Characteristics Age group 50-89
(n=343)

Age group ≥90
(n=84)

Age, years 69.6±7.8 97.2±3.1
Community dwelling, % 100 67
BMI, kg/m2 (n=410) 26.8±4.1 23.4±3.0
Offspring of parents with exceptional longevity, % 69 na
Testosterone, total, ng/dL (n=427) 400±163 279±176
LH, mIU/mL (n=414) 4.3 (3.0-6.1) 14.7 (7.3-25.5)
SHBG, nmol/L (n=426) 49±19 72±23
Testosterone, free, pg/mL(n=427) 54±17 34±21
Total cholesterol, mg/dL (n=424) 184±38 174±42
Triglycerides, mg/dL (n=423) 146±88 130±66
LDL cholesterol, mg/dL (n=418) 101±32 98±36
HDL cholesterol, mg/dL (n=424) 54±14 50±14
Diabetes mellitus, % (n=385) 12 11
Cardiovascular disease, % (n=357) 22 49

²These findings will inform future research into:
• Defining age-appropriate reference ranges for gonadal hormones
• The role of hypothalamus and pituitary in healthy aging
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• Cox PH model adjusted for age: age at 
enrollment was a significant predictor of age at 
death (p < 0.01); testosterone was not associated 
with survival age (p = 0.80).
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Table 2. Adjusted Odds Ratios (OR) of low
testosterone by age groups.

Figure 4. Characteristics of men with low and normal testosterone levels in age groups 50-89 and
≥90 years. A. LH; B. SHBG; C. Age; D. BMI; E. HDL-cholesterol; F. Triglycerides. *p<0.05, **p<0.01. p-
values are derived from Wilcoxon rank-sum test (A) and t-test (B-F).
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Group age 50-89 
(n=337)

Group age ≥90
(n=71)

Parameter OR 95% CI p-value OR 95% CI p-value

Age 1.02 0.98-1.06 0.32 1.23 1.02-1.47 0.03

BMI 1.09 1.02-1.16 0.01 1.08 0.91-1.28 0.39

Triglycerides 1.04 1.01-1.08 0.01 0.98 0.91-1.06 0.68

HDL 0.85 0.67-1.09 0.21 0.92 0.65-1.31 0.66

OR for age is expressed per 1-year difference, for BMI per 1 
kg/m2 difference, and per 10 mg/dL difference for triglycerides 
and HDL.
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²On the contrary, men with low testosterone without a compensatory rise
in LH are metabolically less healthy and may demonstrate accelerated
aging

Data are represented as mean± SD, except for LH where data are presented as median (interquartile range).


