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Background: Testosterone levels naturally decline with age in men, often resulting in 

testosterone deficiency (hypogonadism). However, few studies have examined hypogonadal 

characteristics and treatment in older ($65 years) men.

Objective: To compare data at baseline and after 12 months of testosterone replacement therapy 

(TRT) in hypogonadal men $65 vs ,65 years old. Data for participants 65–74 vs $75 years 

old were also compared.

Methods: Data were from TRiUS (Testim Registry in the United States), which enrolled 849 

hypogonadal men treated with Testim® 1% (50–100 mg testosterone gel/day) for the first time. 

Anthropometric, laboratory, and clinical measures were taken at baseline and 12 months, includ-

ing primary outcomes of total testosterone (TT), free testosterone (FT), and prostate-specific 

antigen (PSA) levels. Comparisons of parameters were made using Fisher’s exact test or analysis 

of variance. Nonparametric Spearman’s ρ and first-order partial correlation coefficients adjusted 

for the effect of age were used to examine bivariate correlations among parameters.

Results: Of the registry participants at baseline with available age information, 16% (133/845) 

were $65 years old. They were similar to men ,65 years old in the duration of hypogonad-

ism prior to enrollment (∼1 year), TT and FT levels at baseline, TT and FT levels at 12-month 

follow-up, and in reported compliance with treatment. Older patients were more likely to receive 

lower doses of TRT. PSA levels did not statistically differ between groups after 12 months of 

TRT (2.18 ± 2.18 ng/mL for $65 vs 1.14 ± 0.84 ng/mL for ,65 years old, P = 0.1). Baseline 

values for the .75-year-old subcohort were not significantly different from subcohorts aged 

65–74 years and ,65 years.

Conclusion: Hypogonadal men $65 years old showed significant benefit from TRT over 

12 months, similar to that found for hypogonadal men ,65 years old. TRT was well tolerated in 

older patients, successfully increased testosterone level regardless of age, and did not significantly 

increase PSA levels in older men.

Keywords: male hypogonadism, elderly, testosterone replacement therapy, testosterone gel, 

TRiUS registry, Testim

Testosterone deficiency (TD), also called hypogonadism, is a relatively common con-

dition, with an estimated prevalence of 2.4 million among US men 40–69 years old.1 

Decline in testosterone, shown to occur with aging, may negatively affect health and 

quality of life.2–5 TD has been associated with frailty as well as age-related declines in 

bone mineral density, muscle mass and strength, physical function, and sexual func-

tion, and with metabolic changes involving abdominal obesity, metabolic syndrome 

progressing to type 2 diabetes, insulin resistance, impaired glucose tolerance, negative 

changes in low-density lipoprotein (LDL) cholesterol, low-density lipoprotein/high-
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density lipoprotein (HDL) cholesterol ratios, and depres-

sion.5–13 Studies focused specifically on men $64 years old 

have shown associations between low testosterone and lower 

muscle mass, strength, and physical performance.14–17

The treatment of TD in older men has generated some 

debate. Current Endocrine Society clinical practice guidelines 

recommend offering testosterone replacement therapy (TRT) 

on an individualized basis to men with repeatedly measured 

low testosterone levels and clinically significant signs of 

hypogonadism; however, a consensus has not been reached 

on the serum testosterone levels below which TRT is recom-

mended (ie, below 280–300 ng/dL [9.7–10.4 nmol/L], the 

lower limit of normal for healthy young men, or below a more 

stringent 200 ng/dL [6.9 nmol/L]).6 This is further complicated 

in older men with TD (eg, late onset hypogonadism) since it 

is unclear what “normal” testosterone levels may be for this 

population and when TRT should be used, especially in a frail 

elderly population.18 Furthermore, safety concerns regarding 

prostate cancer and cardiovascular events remain important 

topics in treating older men with TD. It may be for these 

reasons that TD is often underdiagnosed and undertreated 

in middle-aged and older men.9,19 Additionally, symptoms 

of TD may be dismissed as signs of aging because they 

develop slowly and overlap with other common disorders in 

older men, and patients can have low-normal or borderline 

testosterone levels, but still show symptoms due to variations 

in androgen sensitivity.18

The ongoing questions regarding TRT in older men with TD 

may be due to a lack of naturalistic data on whether and how 

men $65 years old are treated for TD in clinical practice settings 

compared with middle-aged men. To address these questions, 

we report on data from men enrolled in the Testim Registry in 

the United States (TRiUS), the first prospective, observational 

cohort registry of hypogonadal men on TRT. TRiUS enrolled a 

large sample of TD patients from a variety of clinical settings 

in the United States with the objective of quantifying symptoms 

and comorbidities of these patients and their response to Testim® 

1% gel (Auxilium Pharmaceuticals, Malvern, PA), a topical 

testosterone gel formulation for TRT. This analysis compares 

TRiUS baseline and 12-month follow-up data for hypogonadal 

men $65 vs ,65 years old. Data for participants 65–74 vs $75 

years old are also compared.

Patients and methods
Study design
TRiUS was a prospective, 12-month, observational cohort reg-

istry of hypogonadal men who were prescribed Testim by their 

physicians for the first time. The study was designed to collect 

data from a large diverse group of men with TD in “real-world” 

clinical practice settings. As an observational registry study, 

specific detailed methods used to measure parameters were not 

prespecified. All parameters were measured or defined accord-

ing to the investigator’s customary practice, including threshold 

testosterone levels used for diagnosis, time of blood draw for 

testosterone determination, number of times testosterone levels 

were measured for diagnosis, placement of measuring tape for 

waist and hip circumference, and method of blood pressure 

(BP) determination. TD was also determined according to the 

customary procedure of the prescribing physician. All labora-

tory measures were performed and reported independently, and 

were not overseen by a central laboratory. Prescription dosing 

was determined by the prescribing physician and could be 

modified as needed during the 12-month observational period. 

Follow-up visits were in person with the prescribing physician. 

Compliance with prescription was recorded daily by patients 

using diary cards at home. The TRiUS study was not designed 

to assess safety nor was it a mobility and frailty study. Adverse 

events were reported according to the usual procedures for 

postmarket products.

Data were collected at baseline (screening and Day 0) and 

during suggested follow-up visits at months 1, 3, 6, and 12, 

although as a registry study these follow-up visits were not 

mandatory for inclusion. Patients could discontinue participa-

tion at any time for any reason. Registry and data collection 

were managed by Outcome Sciences, Inc (Cambridge, MA). 

Site monitoring was also performed by Outcome Sciences. 

Individual sites were responsible for entering patient data 

and forms into a secure Internet-based electronic data capture 

(EDC) registry database. All sites were fully trained in the 

use of the EDC system and had local or central Institutional 

Review Board (IRB) approval.

Enrollment and assessments
Potential sites for registry enrollment were identified based 

on a database of testosterone prescribers. With the goal 

of enrolling 1000 patients, 931 sites were approached for 

participation. Methods of approach included postcard 

advertisement, phone calls, faxes, and field personnel 

contact. Participating investigators selected patients based 

on prespecified inclusion/exclusion criteria. The complete 

methods and baseline characteristics of the entire registry 

population have been published previously.20

Inclusion criteria
Eligibility was restricted to hypogonadal men who were 

prescribed Testim by their physicians for the first time. 
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Patients who were testosterone naïve or who had received 

testosterone formulations other than Testim were eligible to 

participate. To be enrolled, patients must have voluntarily 

signed and dated an informed consent form reviewed by each 

site’s IRB. The registry was designed so that no data could be 

entered unless a signed informed consent form was on file. 

Subgroups studied included patients with erectile dysfunction 

(ED),21 patients reporting depressive symptoms,22 patients tak-

ing opioids,23 patients with HIV/AIDS,24,25 patients with meta-

bolic syndrome,26 and patients with very low total testosterone 

levels (,200 ng/dL [6.9 nmol/L]) at baseline20 as well as an 

analysis of prostate health among TRiUS participants.27

Exclusion criteria
Patients were excluded from the study if they had a known 

sensitivity to any ingredient in Testim, including testosterone, 

or had carcinoma of the breast or known/suspected carcinoma 

of the prostate.

Laboratory and clinical measurements
Laboratory measurements were defined and taken according 

to the prescribing physician’s customary practice, including 

threshold testosterone levels used for TD diagnosis, time of 

blood draw for testosterone determination, and number of 

times testosterone levels were measured for diagnosis.

At baseline and follow-up appointments, the following 

were assessed: total testosterone (TT), free testosterone 

(FT), prostate-specific antigen (PSA) levels, plasma glucose 

level, anthropometrics (ie, weight, waist circumference, 

hip circumference), cardiovascular measures (ie, systolic 

BP, diastolic BP, total cholesterol, HDL cholesterol, LDL 

cholesterol, triglycerides), body mass index (BMI), comor-

bid health conditions, and current medication use for ED, 

depression, and pain.

Suggested follow-up visits were at approximately 1, 3, 6, 

and 12 months after the initiation of therapy, although actual 

follow-up visits were at the discretion of the physician. Data 

from visits occurring at Day 330 post initiation, or closest to 

Day 360, were grouped into the 12-month time point and used 

for the analysis. Before application of the first dose of TRT, 

a physical examination, measurement of BMI, recording of 

concomitant medications, and issuance of patient diary cards 

for recording daily testosterone gel usage were completed. The 

primary 12-month outcomes were TT, FT, and PSA levels.

Statistical analysis
Demographics were summarized for patients $65 vs ,65 

years old. Secondary analyses were performed to characterize 

the patients $75 years old vs patients 65–74 and ,65 years 

old. No imputations for missing data were performed. 

Sample sizes are provided for all analyses. Mean ± standard 

deviation (SD) is presented for all numerically continuous 

measurements, and percentage is presented for all categori-

cal variables. Comparisons of categorical responses were 

examined using Fisher’s exact test. Means among two or 

more groups were compared using an analysis of variance 

(ANOVA). A full ANOVA model was used to compare fixed 

effects and interactions for age group ($65 vs ,65) and cur-

rent TRT use (yes vs no) for baseline TT and FT levels. A 

nonparametric Spearman ρ and first order partial correlation 

coefficient, adjusted for the effect of age, was used to examine 

the bivariate correlations among parameters. No Bonferroni 

corrections were used. P values  #  0.05 were considered sig-

nificant. Any P values below 0.001 are listed as P , 0.001. 

All statistical analyses were performed using SAS® software 

(version 9.1; SAS Institute, Cary, NC).

Results
In the United States, 849 men with TD were enrolled in TRiUS 

at 72 sites. Age was missing for four participants, leaving a 

study sample of 845 men for the current analysis. Patients 

were enrolled from March 2008 until December 2008, with 

the last patient follow-up visit in March 2010. This study 

focused on the pretreatment characteristics of 133 partici-

pants $65 years old vs 712 participants ,65 years old and 

the treatment outcomes at the 12-month follow-up assessment. 

The percentage of baseline patients who completed the 

12-month assessment was similar in the $65 (32%; 42/133) 

and ,65 (34%; 242/712) groups. Patients were recruited 

primarily from urology physician practices (42% of patients) 

and endocrine physician practices (37% of patients), with 

fewer patients from primary care settings (16% of patients) 

or other types of physician practices (6% of patients). Most 

physicians prescribed either 50  mg testosterone (one 5-g 

tube) or 100 mg (two 5-g tubes) of testosterone gel per day, 

although four patients were prescribed 25 mg/day and three 

patients were prescribed 75 mg/day at baseline. No patient was 

prescribed over 100 mg/day. Older patients were prescribed 

the lower (#50 mg) dose of TRT significantly more often; 

baseline doses were #50 mg (86%) and 100 mg (14%) for 

the ,65 age group and #50 mg (95%) and 100 mg (5%) for 

the $65 age group (P = 0.004).

Table 1 summarizes the baseline demographic and clinical 

characteristics of patients $65 compared with patients , 65. 

The $65  group had a mean age of 71.7  ±  5.1 years and 

the ,65 group had a mean age of 48.4 ± 9.4 (P , 0.001). 
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Table 1 Baseline demographic and clinical characteristics of patients $ 65 vs ,65 years old

Baseline, mean ± SD P value

Patients $65 Patients ,65

Patients enrolled, n 133 712
Age, years (range) 71.7 ± 5.1 (65–84) 48.5 ± 9.4 (20–64) ,0.001
Total testosterone, ng/dL (nmol/L) 265.0 ± 108.9 (9.2 ± 3.8) 290.4 ± 158.3 (10.1 ± 5.5) 0.1
Free testosterone, pg/mL (pmol/L) 46.0 ± 38.0 (159.6 ± 131.9) 40.0 ± 65.4 (138.8 ± 226.9) 0.5
BMI, kg/m2 30.0 ± 5.4 31.7 ± 7.1 0.008

PSA, ng/mL (μg/L) 1.82 ± 1.65 (1.82 ± 1.65) 0.95 ± 0.86 (0.95 ± 0.86) ,0.001
Medical history/current medication use (%)
  Smoking (current or former) 38% 31% 0.2
 � Metabolic syndrome  

(calculated using ATP III definition and baseline data)
39% 36% 0.6

  Hypertension 25% 19% 0.1
  Dyslipidemia 16% 21% 0.2
  Coronary artery disease 20% 17% 0.5
  Diabetes mellitus 19% 11% 0.02
  Depression 5% 9% 0.2
  Sleep disorders (including apnea) 3% 5% 0.5
  Prior TRT 23% 24% 0.9
  Current opioid use 7% 11% 0.1
  Current ED (PDE5 inhibitor use) 29% 18% 0.002
  Current antidepressant use 0 0 –

Abbreviations: ATP, Adult Treatment Panel; BMI, body mass index; ED, erectile dysfunction; PDE5, phosphodiesterase type 5; PSA, prostate-specific antigen; TRT, 
testosterone replacement therapy.

The majority of patients were Caucasian (82%) and were, 

on mean, obese (mean BMI 30.0 ±  5.4 [$65 group] and 

31.7 ± 7.1 [,65 group]). The most common medical comor-

bidities included metabolic syndrome, smoking (current or 

former), hypertension, dyslipidemia, and coronary artery 

disease. Diabetes mellitus was significantly more common in 

the $65 group (19% vs 11%; P = 0.02) as was the frequency 

of current use of a phosphodiesterase type 5 (PDE5) inhibi-

tor for ED (29% vs 18%; P = 0.002). Patient groups did not 

differ in their medical history of a diagnosis of depression 

(5% vs 9%; P = 0.2).

The mean duration of TD was a little over 1 year for 

both groups (16.7  ±  31.5  months for patients $65 vs 

15.6 ± 29.7 months for patients ,65 [P = 0.7]). One patient 

in the ,65 group had been hypogonadal for over 252 months 

(21 years). Most patients were self-referred for TD (n = 75 

among patients $65; n = 455 among patients ,65), although 

many were referred from a health care professional (n = 42, 

n = 165, respectively) or were encouraged to be examined by 

a spouse or partner (n = 18, n = 53, respectively).

Groups were similar in baseline TT and FT levels (Table 1). 

The baseline mean serum TT level of patients $65 was 

265.0 ± 108.9 ng/dL (9.2 ± 3.8 nmol/L; n = 112) compared 

with 290.4 ± 158.3 ng/dL (10.1 ± 5.5 nmol/L; n = 611; P = 0.1) 

among patients ,65. The mean FT level was 46.0 ± 38.0 pg/mL 

(159.6 ± 131.9 pmol/L; n = 68) among patients $65 compared 

with 40.0 ±  65.4 pg/mL (138.8 ±  226.9 pmol/L; n =  393; 

P = 0.5) among patients ,65.

Use of some form of TRT just prior to study enrollment 

was reported by 23.3% (31/133) of patients $65 and 24.0% 

(171/712) of patients ,65 (P = 0.9). TRT use prior to study 

enrollment resulted in higher baseline TT levels in both 

age groups (Table 2) and was significantly associated with 

baseline TT levels (P = 0.007). There was no statistically 

significant effect of age group (P =  0.3) nor a significant 

interaction between age group and TRT use (P =  0.9) on 

baseline TT level. For baseline FT there were no statistically 

significant differences between age groups (P  =  0.5) or 

between TRT users and nonusers (P = 0.6).

PSA at baseline
As expected, given the association of higher PSA with older age 

in the general population, baseline PSA was significantly higher 

among patients $65 (1.82 ± 1.65; n = 88) than patients ,65 

(0.95 ± 0.86; n = 374; P , 0.001). This was despite patients $65 

having lower (although not significantly lower) baseline mean 

serum TT levels than patients ,65. Baseline TRT use was not 

significantly associated with differences in baseline PSA levels 

(P = 0.6) nor was there a statistically significant interaction 

between age and TRT use prior to baseline. At baseline, PSA and 

TT levels were not significantly correlated (Spearman ρ adjusted 

for age = 0.08; P = 0.09; n = 450).
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Baseline correlations
At baseline, prior to TRT, there were statistically significant 

(P , 0.001) correlations (Spearman ρ adjusted for age ranged 

from -0.14 to -0.21) between TT levels in the entire group 

and diastolic BP and anthropometric measures (ie, weight, 

BMI, waist circumference, and hip circumference) (Table 3). 

Similar associations were not found for FT, PSA, or 

sex hormone-binding globulin (SHBG). Plasma glucose 

levels significantly and negatively correlated with both 

TT (ρ = -0.15; n =  354; P =  0.004) and FT (ρ = -0.15; 

n  =  248; P  =  0.02). No testosterone-related parameters 

correlated with total cholesterol, HDL or LDL cholesterol, 

or triglycerides.

12-month follow-up
Approximately 33% of patients in both the $65 and ,65 

age groups at baseline completed the 12-month assess-

ment. Patient-reported compliance with TRT dosing (total 

days/length on TRT) using diary cards did not significantly 

differ between patients $65 (91.2% compliance; n =  76) 

and patients ,65 (91.7% compliance; n = 394; P . 0.7) at 

12-month follow-up.

At the 12-month follow-up, TT levels significantly 

increased from baseline in both age groups (Table  4). 

FT levels also increased from baseline, although the increase 

did not reach significance in the group of patients $65. 

Mean TT and FT levels did not significantly differ between 

age groups at 12-month follow-up (Table 5). There was no 

significant difference between age groups in the percentage 

of patients using 100  mg of TRT at 12-month follow-up 

(#50 mg dosing: 74% of patients $65, 67% of patients ,65; 

100 mg dosing: 26% of patients $65, 33% of patients ,65; 

P = 0.5). However, the lack of significant difference should 

be interpreted with caution given the small sample size of 

patients $65 receiving 100 mg dosing (ten patients).

At 12  months, PSA levels did not significantly differ 

between patients $65 (2.18 ± 2.18 ng/mL [2.18 ± 2.18 µg/L]; 

n = 20) compared with patients ,65 (1.14 ± 0.84 ng/mL 

[1.14 ± 0.84 µg/L]; n = 69, P = 0.1, see Table 4). PSA levels 

did not significantly increase from baseline to follow-up in 

patients $65 (0.33 ± 1.57 ng/mL [0.33 ± 1.57 µg/L] increase; 

n  =  20; P  =  0.4). PSA levels did significantly increase 

in patients ,65 (0.17  ±  0.58  ng/mL [0.17  ±  0.58  µg/L] 

increase; n = 69; P = 0.01). The difference in statistical sig-

nificance is due to the difference in sample sizes of patients 

with both baseline and 12-month follow-up PSA measure-

ments among the two cohorts and also due to the large SD 

in the change in PSA among patients in the older cohort. 

Table 2 Baseline total and free testosterone with TRT use prior to enrollment compared with no prior TRT use in patients $ 65 vs 
,65 years old

Mean ± SD, n

Patients $65 Patients ,65

Prior TRT No prior TRT Prior TRT No prior TRT

Serum TT, ng/dL  
(nmol/L)

326.1 ± 160.8 
(11.3 ± 5.6)

259.0 ± 101.6  
(9.0 ± 3.5)

355.5 ± 207.1 
(12.3 ± 7.2)

279.9 ± 146.5 
(9.7 ± 5.1)

n = 10 n = 102 n = 85 n = 526
FT, pg/mL 
(pmol/L)

34.3 ± 28.2 
(119.0 ± 97.9)

47.3 ± 38.9 
(164.1 ± 135.0)

61.4 ± 67.6 
(213.1 ± 234.6)

36.0 ± 64.4 
(124.9 ± 223.5)

n = 7 n = 61 n = 61 n = 332

Abbreviations: FT, free testosterone; SD, standard deviation; TRT, testosterone replacement therapy; TT, total testosterone.

Table 3 Baseline first-order Spearman ρ partial correlations for the entire study group

Spearman ρ, P value

TT FT PSA SHBG

n 708 450 454 127
Weight -0.19, P , 0.001 -0.04, P = 0.4 -0.05, P = 0.3 -0.07, P = 0.4
BMI -0.21, P , 0.001 -0.07, P = 0.2 -0.06, P = 0.2 -0.09, P = 0.3
Waist circumference -0.16, P , 0.001 -0.07, P = 0.1 -0.04, P = 0.5 -0.01, P = 0.9
Hip circumference -0.14, P , 0.001 -0.07, P = 0.1 -0.04, P = 0.4 -0.02, P = 0.8
SBP -0.07, P = 0.06 0.04, P = 0.4 -0.01, P = 0.8 0.11, P = 0.2
DBP -0.16, P , 0.001 -0.14, P = 0.004 -0.02, P = 0.7 0.11, P = 0.2

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FT, free testosterone; PSA, prostate-specific antigen; SBP, systolic blood pressure; SHBG, sex 
hormone–binding globulin; TT, total testosterone.
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Over the course of the 12-month study, eleven patients in 

the $65 group and six patients in the ,65 group showed a 

PSA level . 4.0 ng/mL (.4.0 µg/L) or an increase in PSA 

over baseline of .1.4 ng/mL (.1.4 µg/L).

Twenty adverse events were reported in 568 patients 

during the course of 1259 postbaseline visits. Skin rash and 

itching were reported in six and two patients, respectively. 

Events occurring in one patient each included bad odor, 

nasopharyngitis, weight gain, perianal burning, dizziness, 

“not obvious hypogonadal,” redness, skin allergy, prostate 

cancer, increased lipid panel, and elevated PSA. One patient 

died after having surgery for an arteriovenous malformation 

resection; the death was secondary to complications of the 

resection in the region of patient’s pituitary and not consid-

ered related to TRT or treatment with Testim.

Correlations among 12-month changes  
in parameters
There was a statistically significant correlation between the 

change in TT from baseline at 12 months with the change 

in waist circumference. As TT increased, waist circumfer-

ence decreased (Table 5). There were no other statistically 

significant correlations between changes in TT, FT, PSA, and 

SHBG with changes in anthropometrics or BP.

The change in TT was significantly correlated with the 

change in plasma glucose levels (ρ = -0.29; n = 61; P = 0.03) 

but was not correlated with changes in total cholesterol, HDL 

or LDL cholesterol, or triglycerides. The change in FT was 

significantly correlated with changes in total cholesterol 

(ρ = -0.32; P = 0.03; n = 46) and LDL cholesterol (ρ = -0.32; 

P = 0.03; n = 46) but was not correlated with changes in 

glucose, HDL cholesterol, or triglycerides.

Age 75 and older
Secondary analyses examined baseline differences among 

three levels of age; participants age 65–74 years (n = 102), 

participants $75 years (n = 31), and participants ,65 (n = 712) 

at baseline. The mean duration of TD did not significantly differ 

among the three age cohorts ($75 years, 12.9 ± 27.0 months; 

65–74 years, 17.9 ± 32.7 months; ,65 years, 15.6 ± 29.7; 

P = 0.6). Patient-reported compliance at 12-month follow-up 

based on diary cards did not significantly differ between 

patients 65–74 years old (91.0%; n  =  54) compared with 

patients $75 years (91.7%; n = 22) or patients ,65 years 

(91.7%; n = 394) (P = 0.9).

The three age cohorts were similar in baseline TT and 

FT levels. The baseline mean serum TT level of patients 

65–74 years was 269.3 ± 113.0 ng/dL (9.3 ± 3.9 nmol/L; 

n = 86) compared with 251.0 ± 94.3 ng/dL (8.7 ± 3.3 nmol/L) 

among patients $75 (n  =  26) and 290.4  ±  158.3  ng/

dL (10 .1   ±   5 .5   nmol /L)  among pa t ien ts  ,65 

Table 4 Change from baseline to 12-month follow-up in testosterone and PSA in patients $ 65 vs ,65 years old

Mean ± SD, n, P value for change from baseline

Patients $ 65 Patients , 65

Month 12  
measurement

Change from  
baseline

Month 12  
measurement

Change from  
baseline

Serum TT, ng/dL 
(nmol/L)

524.0 ± 393.7 
(18.2 ± 13.7)

229.7 ± 454.1 
(8.0 ± 15.8)

491.1 ± 201.8 
(17.0 ± 7.0)

232.9 ± 230.2 
(8.1 ± 8.0)

n = 24 n = 23, aP = 0.02 n = 126, bP = 0.5 n = 114, aP , 0.001
FT, pg/mL 
(pmol/L)

95.2 ± 163.4 
(330.3 ± 567.0)

15.4 ± 72.8 
(53.4 ± 252.6)

65.5 ± 61.8 
(227.3 ± 214.4)

27.7 ± 88.8 
(96.1 ± 308.1)

n = 16 n = 12, aP = 0.5 n = 94, bP = 0.2 n = 70, aP = 0.01
PSA, ng/mL 
(μg/L)

2.18 ± 2.18 
(2.18 ± 2.18)

0.33 ± 1.57 
(0.33 ± 1.57)

1.14 ± 0.84 
(1.14 ± 0.84)

0.17 ± 0.58 
(0.17 ± 0.58)

n = 20 n = 20, aP = 0.4 n = 69, bP = 0.1 n = 69, aP = 0.01

Notes: aCompared with baseline; bcompared with patients $65 years old.
Abbreviations: FT, free testosterone; PSA, prostate-specific antigen; TT, total testosterone.

Table 5 Spearman ρ partial correlations of the change in 
parameters from baseline to 12-month follow-up in the entire 
study group

Spearman ρ, P value

TT FT PSA

n 126 75 84
Weight -0.15, P = 0.1 -0.01, P = 0.9 -0.09, P = 0.4
BMI -0.15, P = 0.1 -0.01, P = 0.9 -0.10, P = 0.4
Waist circumference -0.23, P = 0.01 -0.10, P = 0.4 -0.05, P = 0.6
Hip circumference -0.15, P = 0.1 -0.06, P = 0.6 -0.07, P = 0.5
SBP -0.03, P = 0.7 0.004, P = 0.9 -0.02, P = 0.8
DBP 0.01, P = 0.9 0.11, P = 0.3 -0.10, P = 0.4

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FT, free 
testosterone; PSA, prostate-specific antigen; SBP, systolic blood pressure; TT, total 
testosterone.
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(n = 611) (P = 0.2). The mean FT level of patients 65–74 

years was 47.8 ± 40.7 pg/mL (165.9 ± 141.2 pmol/L; n = 49) 

compared with 41.1 ± 30.2 pg/mL (142.6 ± 104.8 pmol/L) 

among patients $75 (n  =  19) and 40.0  ±  65.4 pg/mL 

(138.8  ±  226.9  pmol/L) among patients ,65 (n  =  393) 

(P = 0.7).

Discussion
The age group typically examined for late onset hypogonadism 

extends into middle adulthood (age 50 years and older), and 

testosterone replacement therapy studies focused on older 

adult ($65 years) hypogonadal patients are limited. Available 

studies of hypogonadal men $50 years old suggest that TRT 

may be effective in alleviating symptoms among patients 

in this age group.28–32 Among healthy men $60 years old, 

TRT has been associated with increased lean body mass, 

decreased fat mass, and increased muscle strength.33–35 

Testim, the drug used in the current study, has previously 

been shown to be effective in two 90-day, randomized, 

placebo-controlled studies, demonstrating improvements 

in mean concentrations of testosterone, sexual function, 

lean body mass, and percentage of body fat among men 

20–80 years old,36,37 which were maintained to 12 months.38 

In the current study examining the effect of TRT in older men, 

we observed similar improvements after TRT, irrespective of 

age, suggesting that hypogonadal men $65 years may find 

benefit with careful monitoring.

In the current study, hypogonadal men $65 years old and 

enrolled in TRiUS comprised 16% of the registry participants. 

This percentage of patients could be seen as high given the 

debate about treating older adults with TD.18 Alternatively, the 

treatment rate appears quite low given that men $65 years 

attending primary care practices throughout the US were 

1.2 times more likely to present with hypogonadism than 

men younger than 65 years.5 The current study findings dem-

onstrated that men $65 years were similar to men ,65 years 

in the duration of TD prior to study enrollment (a little longer 

than 1 year), prior use of TRT (10% and 14%, respectively), 

TT and FT levels at baseline, TT and FT levels at 12-month 

follow-up, and in their reported compliance with treatment. 

TRT dose was not controlled and TRT dose titration over the 

12-month study period was unknown; thus, only baseline 

and 12-month TRT dose were reported. Patients $65 years 

were prescribed a lower dose of TRT at baseline significantly 

more often (95%) than patients ,65 years (86%). Although 

the percentage of patients using 50 mg vs 100 mg testosterone 

dosing at 12-month follow-up did not significantly differ 

between age groups (100 mg: 26% of patients $65, 33% of 

patients ,65), the lack of significant difference should be 

interpreted with caution given the small sample sizes. The 

data show that no patient was prescribed over 100 mg/day 

and suggest that older patients were more likely to continue 

to receive the lower TRT dose.

Both age groups showed a significant increase in TT 

levels at 12 months (which fell within the range suggested 

by the Endocrine Society),6 with mean TT at approximately 

524 and 491  ng/dL (18.2 and 17.0  nmol/L), respectively, 

demonstrating a significant response to TRT independent 

of age. Thus, on average, older aged patients receiving 50 or 

100 mg/day TRT attained a TT level within the physiological 

range that is considered optimal, between 400 and 800 ng/dL 

(13.9 and 27.8 nmol/L)6,9 following TRT. Importantly, treat-

ment in older patients did not lead to attainment of sup-

raphysiologic TT levels following TRT use of 50  mg or 

100  mg/day. Although FT levels did increase over the 

12-month treatment period, the increase was not significant 

in the group of patients $65. The lack of significance may 

be the result of a small sample size of patients undergoing 

FT testing at 12 months among the older patients, and the 

consequent lack of statistical power. Notably, the FT levels at 

12 months did not significantly differ between patients $65 

and ,65 years.

The oldest participants ($75 years) had similar duration 

of TD, similar TT and FT levels at baseline, and similar com-

pliance with treatment when compared with participants who 

were 65–74 and ,65 years. The current study was unable 

to compare responses to TRT at 12 months between partici-

pants $75 years and those younger due to limited number 

of participants in the $75 group with TT and FT testing at 

12-month follow-up. Consequently, it is not known whether 

the response to TRT declined among the oldest patients. 

However, similar TT and FT levels at baseline and sustained 

high levels of treatment compliance across all of the age 

groups supports the likelihood of an adequate response to 

TRT among the oldest participants.

TRT in older hypogonadal men requires consideration 

of the risks and benefits of TRT6 and in particular the 

possibility of an increased risk in rate of prostate events, 

such as PSA levels .4 ng/mL (.4 µg/L), prostate biop-

sies, and prostate cancer.39 In the current study, the oldest 

group of patients ($75) showed the highest PSA levels at 

baseline, and patients $65 had a significantly higher mean 

PSA level than the ,65 group at baseline and at 12-month 

follow-up. However, the $65 group did not show signifi-

cantly increased PSA at 12 months compared with baseline, 

whereas the ,65  group did. The mean increase in PSA 
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level among patients $65 years in the current study was 

0.33  ng/mL (0.33  µg/L) and among patients ,65 years 

was 0.17  ng/mL (0.17  µg/L). These mean increases are 

consistent with what has been previously found in PSA 

level change following TRT; approximately 0.30  ng/mL 

(0.30 µg/L) overall and 0.43 ng/mL (0.43 µg/L) among older 

men on average.40 PSA level increases associated with TRT 

typically occur during the initial 6 months of treatment,27 

and further PSA level changes are considered age-related 

changes in PSA levels.40 The mean PSA level of 2.18 ng/mL 

(2.18 µg/L) at 12-month follow-up among the patients $65 

years is consistent with a study examining age-stratified 

normal values for PSA level; mean PSA levels increased 

with aging from 1.1 to 2.5 ng/mL (1.1 to 2.5 µg/L) among 

community-dwelling men 50–80 years old.41 Consistent with 

the prostate saturation theory in which PSA and prostate 

tissue growth are sensitive to changes in serum testoster-

one only when serum testosterone levels are low, clinicians 

may expect an initial increase in PSA in hypogonadal men 

following TRT during the first few months.27 Increases in 

PSA levels during the first year of TRT that are . 1.4 ng/mL 

(1.4 µg/L)6 or PSA levels . 4 ng/mL (4 µg/L)40 may be 

unusual and suggest the need for a urological consultation as 

per the Endocrine Society guidelines.6 In the current study, 

a small number of patients (eleven patients $65 years; six 

patients ,65 years) had a PSA level . 4 ng/mL (4 µg/L) 

or an increase in PSA . 1.4 ng/mL (1.4 µg/L) at some time 

during the 12-month study period.

Although the TRiUS registry was not specif ically 

designed to assess safety, adverse event reporting suggests 

TRT was well tolerated in both age groups. Additionally, 

study findings suggest that cardiovascular risk factors did 

not worsen during 12 months of TRT in men $65 years. This 

was a concern given the results of a recent trial examining the 

effect of Testim on muscle strength and physical performance 

in a population of community-dwelling men $65 years 

old with limitations in mobility and a high prevalence of 

cardiovascular risk factors (ie, hypertension, diabetes, 

hyperlipidemia, and obesity).18 The trial was halted due to 

a higher rate of cardiovascular-related adverse events in the 

TRT group compared with placebo. However, the trial design 

limits generalizing these findings to a larger population, 

given the small size of the trial, the initial high dose of TRT 

used, and the unique mobility-limited population. A recent 

review examining the cardiovascular risk of TRT in elderly 

males concluded that TRT does not increase cardiovas-

cular risk or adversely affect the cardiovascular profile in 

older men.42

The current study found associations between lower 

TT levels and cardiovascular risk factors of greater weight, 

BMI, waist and hip circumference, diastolic BP, and plasma 

glucose levels at baseline, independent of age. TT levels at 

baseline were not associated with total cholesterol, HDL, 

LDL, or triglycerides. Lower FT levels at baseline were 

associated with greater plasma glucose levels independent 

of age but not with anthropometric or cardiovascular factors. 

Average BMI at baseline did not significantly differ between 

age groups and was in the obese range. Whether obesity 

may serve as a potential indicator of TD in older men is not 

yet known, and no published study as yet, has specifically 

addressed differences in BMI in older men without TD 

compared with older men with TD.

Over the 12 months of the study, increase in TT level was 

associated with decreased waist circumference and plasma 

glucose levels and increase in FT level was associated with 

decreased total and LDL cholesterol, independent of age. 

Notably, the percentage of patients completing follow-up 

assessments was similar between men $65 and men ,65 at 

12 months, indicating there was not a disproportionate loss 

to follow-up based on age.

It has been suggested that aging of men in the US will 

cause a large increase in the burden of TD, with an estimated 

prevalence of symptomatic TD of 6.5 million by the year 

2025 among American men 30–79 years of age.4 The primary 

care setting seems an ideal place for testosterone level 

testing and TD screening. However, in the primary care 

setting, barriers to diagnosis of TD and referral to treatment 

include lack of physician–patient communication, inadequate 

provider knowledge or assessment tools, as well as personal, 

cultural, or gender influences.43 Increased clinician awareness 

that older men with TD may present with symptoms that are 

easily misinterpreted as signs of aging or chronic disease is 

needed as well as an understanding that older men with TD 

show benefit from TRT. Prior studies have shown the benefits 

of TRT on visceral fat, total body fat-free mass, and total 

body and thigh skeletal muscle mass among healthy older 

hypogonadal men;30,31,44 benefits have also been shown on 

insulin resistance, improved glycemic control, and improved 

visceral adiposity among older hypogonadal men with type 2 

diabetes,45 on symptoms of metabolic syndrome,28 and on 

symptoms of depression among older hypogonadal men with 

dysthymia or minor depression.32 However, these positive 

results must be tempered by the lack of long-term efficacy 

and safety studies of TRT in hypogonadal men of all ages; 

while older men with TD may expect benefit from TRT, they 

must be carefully monitored during treatment.
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The limitations to our study are characteristic of patient 

registries where, unlike placebo-controlled studies, physician 

and patient behavior are not directed. There was a high 

degree of variability in inter-patient data collection, no 

standardized definition of TD, no testosterone washout 

period before enrollment, no centralized laboratory testing 

facility, and no standardized time of testosterone draw. The 

differences between the primary age groups in enrollment 

sample size, although expected given that the study is not 

a controlled trial, may have influenced statistical analyses. 

Also, patient-supplied records were the evidence used for 

drug compliance.

Conclusion
The current study adds to the body of literature on TRT 

among men $65 years old by providing longitudinal data on 

TRT with 50 mg and 100 mg/day of Testim among older men 

from diverse clinical settings. Hypogonadal men $65 showed 

significant benefit from TRT over 12 months that was similar 

to the response of hypogonadal men ,65. TRT was well tol-

erated in older patients, successfully increased testosterone 

level regardless of age, and did not significantly increase 

PSA levels in older men.
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