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IMPORTANCE Testosterone use in older men is increasing, but its long-term effects on

progression of atherosclerosis are unknown.
OBJECTIVE To determine the effect of testosterone administration on subclinical

atherosclerosis progression in older men with low or low-normal testosterone levels.
DESIGN, SETTING, AND PARTICIPANTS Testosterone’s Effects on Atherosclerosis Progression in
Aging Men (TEAAM) was a placebo-controlled, double-blind, parallel-group randomized trial
involving 308 men 60 years or older with low or low-normal testosterone levels (100-400 ng/dL;
free testosterone <50 pg/mL), recruited at 3 US centers. Recruitment took place between
September 2004 and February 2009; the last participant completed the study in May 2012.
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INTERVENTIONS One hundred fifty-six participants were randomized to receive 7.5 g of 1%

testosterone and 152 were randomized to receive placebo gel packets daily for 3 years. The
dose was adjusted to achieve testosterone levels between 500 and 900 ng/dL.
MAIN OUTCOMES AND MEASURES Coprimary outcomes included common carotid artery
intima-media thickness and coronary artery calcium; secondary outcomes included sexual
function and health–related quality of life.
RESULTS Baseline characteristics were similar between groups: patients were a mean age of
67.6 years; 42% had hypertension; 15%, diabetes; 15%, cardiovascular disease; and 27%,
obesity. The rate of change in intima-media thickness was 0.010 mm/year in the placebo
group and 0.012 mm/year in the testosterone group (mean difference adjusted for age and
trial site, 0.0002 mm/year; 95% CI, −0.003 to 0.003, P = .89). The rate of change in the
coronary artery calcium score was 41.4 Agatston units/year in the placebo group and 31.4
Agatston units/year in the testosterone group (adjusted mean difference, −10.8 Agatston
units/year; 95% CI, −45.7 to 24.2; P = .54). Changes in intima-media thickness or calcium
scores were not associated with change in testosterone levels among individuals assigned to
receive testosterone. Sexual desire, erectile function, overall sexual function scores, partner
intimacy, and health-related quality of life did not differ significantly between groups.
Hematocrit and prostate-specific antigen levels increased more in testosterone group.
CONCLUSIONS AND RELEVANCE Among older men with low or low-normal testosterone levels,

testosterone administration for 3 years vs placebo did not result in a significant difference in the
rates of change in either common carotid artery intima-media thickness or coronary artery
calcium nor did it improve overall sexual function or health-related quality of life. Because this
trial was only powered to evaluate atherosclerosis progression, these findings should not be
interpreted as establishing cardiovascular safety of testosterone use in older men.
TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00287586
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estosterone sales have increased substantially, particularly among older men, during the past decade.1 However, the benefits and risks of long-term testosterone administration to older men with age-related decline in
testosterone levels remain poorly understood.2
A randomized trial of testosterone involving older men
with mobility limitations, 3 stopped early due to the increased frequency of cardiovascular adverse events in the testosterone group, and some,4,5 but not other,6 retrospective
analyses of testosterone users have raised concern that testosterone administration might increase the risk of cardiovascular disease (CVD) events. Although some studies have reported an association of low testosterone levels with increased
risk of diabetes, metabolic syndrome, proatherogenic dyslipidemia, CVD, and mortality,2,7-11 other studies have not shown
a consistent association between testosterone levels and incident CVD.2 Testosterone levels have been negatively associated with common carotid artery intima-media thickness in
some studies.2,11 The data from preclinical models have also
been conflicting. In low-density lipoprotein receptor–
deficient mice, orchiectomy accelerates and testosterone
supplementation retards aortic atherogenic lesions.12 However, the long-term consequences of testosterone supplementation on atherosclerosis in older men remain unknown.
The primary aim of the Testosterone’s Effects on Atherosclerosis Progression in Aging Men (TEAAM) trial was to determine the effect of increasing circulating testosterone concentrations into a range that is mid-normal for young men on
subclinical atherosclerosis progression in older men with low
or low-normal testosterone levels. The secondary aim was to
determine the effects on sexual function and health-related
quality of life (QOL).

Methods
Study Design
The TEAAM trial was a randomized, placebo-controlled,
parallel-group, double-blind trial. The study protocol was approved by institutional review boards at the 3 participating institutions: Charles Drew University, Los Angeles, California;
Boston University Medical Center, Brigham and Women’s Hospital, Boston, Massachusetts; and by the Western Institutional Review Board, Puyallup, Washington, for the Kronos
Longevity Research Institute, Phoenix, Arizona (see the study
protocol in Supplement 1 and the revised statistical analysis
plan in Supplement 2). Study recruitment took place September 2004 through February 2009; the last participant completed the study in May 2012. All participants provided written, informed consent. The data and safety monitoring board
reviewed adverse events semiannually.

cancers other than nonmelanotic skin cancers; severe lower
urinary tract symptoms (International Prostate Symptom Score
[IPSS] >21); prostate-specific antigen (PSA) levels higher than
4 ng/mL; dementia; untreated major depression or schizophrenia; alanine aminotransferase and aspartate aminotransferase more than 3 times the upper limit of normal; creatinine levels higher than 2.5 mg/dL; hemoglobin A1c greater than
9.0%; hematocrit greater than 48%; unstable angina; New York
Heart Association class III or IV heart failure; myocardial infarction within 6 months of entry; untreated thyroid disease;
systolic blood pressure (BP) higher than 160 mm Hg or diastolic BP higher than 100 mm Hg; or body mass index (BMI)
higher than 35, calculated as weight in kilograms divided by
height in meters squared. (To convert creatinine from mg/dL
to μmol/L, multiply by 88.4.)
Race/ethnicity was based on self-report. Although the
study was not powered to test specific hypotheses related to
race or ethnicity, black men have a higher risk of clinical prostate cancer. There has been concern that they may be at increased risk of developing clinical prostate cancer during testosterone therapy.

Randomization
Participants were assigned using a 1:1 concealed randomization and stratification by age (60-75 years and >75 years) and
site to receive either placebo or testosterone gel. A statistician generated the randomization sequence and forwarded it
to the investigational drug pharmacy, which then assigned participants a randomization number.

Intervention
Eligible participants were randomized to receive either 7.5 g
of 1% testosterone gel (75 mg of testosterone) or placebo gel
daily for 3 years. Two weeks after randomization, total testosterone levels were measured 2 to 12 hours after gel application. If the total testosterone concentration was lower than
500 ng/dL, the testosterone dose was increased to 10 g or if
higher than 900 ng/dL, reduced to 5 g daily. At the same time,
the placebo dose was adjusted for another participant in the
placebo group by an unblinded observer to maintain blinding.

Blinding
The study staff and participants were blinded. All participants received 3 gel packets daily to maintain blinding (eg, men
randomized to receive 7.5 g of testosterone gel received 1 packet
containing 5.0 g of testosterone gel, 1 containing 2.5 g of testosterone gel, and 1 containing placebo gel, whereas those in
the placebo group received 3 placebo packets). The effectiveness of blinding was not assessed.

Outcomes
Participants
The participants were community-dwelling men, 60 years or
older, with total morning (7-10 AM) testosterone levels between 100 and 400 ng/dL or free testosterone less than
50 pg/mL. We excluded men who had diseases of the testes,
pituitary, or hypothalamus; prostate cancer; breast cancer; or

The coprimary outcomes were the rate of change in distal right
common carotid artery intima-media thickness and coronary
artery calcium. Common carotid artery intima-media thickness, which is predictive of incident cardiovascular events,13,14
was measured at baseline and every 6 months during the intervention period. We also assessed the total calcium score
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using multidetector-row computed tomography (MDCT), another measure of subclinical atherosclerosis,15 at baseline and
at 18 and 36 months. Serum lipids and fasting glucose concentrations were measured at 0, 6, 18, and 36 months. Safety assessments included adverse event recording, hematocrit, blood
chemistries, PSA, and IPSS values. We also report herein the
results of some secondary efficacy outcomes—sexual function and health-related QOL.

Outcome Assessments
B-mode carotid artery images for intima-media thickness
were acquired from the far wall of the distal centimeter of
the right carotid artery with high-resolution ultrasound
equipment, calibrated using a phantom and cardiac gating
using standardized methods for reproducing transducer
angulation.14,16 Ultrasonographers were certified by the University of Southern California Core Imaging Center. Ultrasound images were analyzed using automated boundary
detection to locate lumen-intima and media-adventitia
boundaries at subpixel resolution (eAppendix B in Supplement
3). The coefficient of variation of intima-media thickness
measurement was less than 4%.
The MDCT scan was performed using the General Electric Lightspeed Model VCT 64 channel scanner in highresolution volume mode, using 100-millisecond exposure
time.15 Electrocardiographic-triggering synchronized images
in the same point in diastole, corresponding to 40% of the R-R
interval (eAppendix B in Supplement 3). Proximal coronary arteries were visualized, and at least 30 consecutive images were
obtained at 3-mm intervals. Coronary calcium was defined as
a plaque of at least 3 contiguous pixels (area, 1.02 mm2) with a
density of more than 130 Hounsfield units. The lesion score was
calculated by multiplying lesion area by a density factor derived
from Hounsfield units. The total calcium score was determined by summing the lesion scores from the left main, left
anterior descending, circumflex, and right coronary arteries
using the Agatston method.15 A cardiac physician trained in
computed tomographic (CT) imaging who was blinded to interventions interpreted all scans at the CT reading center of the
Los Angeles Biomedical Research Institute, Torrance, California (supervised by M.B.).
Sexual function was assessed using the International Index of Erectile Function (IIEF), a validated, 15-item questionnaire that assesses 5 domains of sexual function—erectile function, orgasmic function, sexual desire, intercourse satisfaction,
and overall sexual satisfaction.17 The IIEF, with a possible range
of 0 to 75 (higher scores representing better function), has excellent internal consistency (Cronbach α, .90) and test-retest
reliability (0.82). The minimal clinically important difference
for the erectile function domain of IIEF is 4 points using as the
anchor response to question 7: “Over the past 4 weeks, when
you attempted sexual intercourse how often was it satisfactory for you?” In a subset of participants enrolled at Boston University Medical Center, the marital interaction scale from the
Cancer Rehabilitation Evaluation System Short Form was used
to assess a participant’s relationship and intimacy with his
sexual partner.18 The Cancer Rehabilitation Evaluation System Short Form has been validated in many settings and is
572

scored from 0 to 4 with lower scores representing better interaction intimacy.18
We determined whether testosterone improves selfreported physical function via the physical function domain
of the Medical Outcomes Study 36-item short form health survey (SF-36)19 for all participants. Additionally, health-related
QOL was assessed using the full SF-36 questionnaire19 for participants enrolled at the Boston and Los Angeles sites. The SF-36
measures 8 domains of the QOL—physical function, bodily
pain, vitality, role limitations due to physical problems, general health perceptions, emotional well-being, social function, and role limitations due to emotional problems. Each domain is scored separately from 0 to 100 with higher scores
representing better health-related QOL.19 The SF-36 has excellent internal consistency (Cronbach α .76-.90) and testretest reliability (0.76-0.96) for various domains. The minimal clinically important differences for various domains of
SF-36 have been determined to be between 3 and 5 for various conditions.

Hormone Assays
Total testosterone was measured at Quest Diagnostics, San Juan
Capistrano, California, using a Bayer Advia Centaur immunoassay (Siemens Healthcare Diagnostics) after extraction of serum with ethyl acetate and hexane followed by celite chromatography; this assay, validated against liquid chromatography
coupled to tandem mass spectrometry (LC-MS/MS), has a sensitivity of 10 ng/dL.20 Sex hormone-binding globulin was measured using an immunofluorometric assay with a sensitivity
of 0.24 μg/mL (Delphia-Wallac). 21 Free testosterone was
calculated.22

Statistical Analyses
Summary statistics, exploratory analyses, and graphical displays were used to assess observed differences at baseline
and during the intervention period. The primary intent-totreat analysis included all 306 randomized participants who
received at least 1 dose of study medication. We estimated
the rate of atherosclerosis progression, assessed as the rate of
linear change in the carotid artery intima-media thickness
and in coronary artery calcium. Primary analyses compared
the rate of change in intima-media thickness and calcium
between groups, controlling for stratification by age group
and study center, using a mixed-effects regression model in
which participants were nested within study center, which
was treated as a random effect. Age-group, time-intreatment, and treatment-by-time interaction were included
as fixed effects, with the latter quantifying the estimated
treatment effect. The missing data were accommodated
using multiple imputation23 in which missing outcomes values were estimated using predictive mean matching. The
imputation model controlled for age group, study center, randomization, and study visit. A total of 50 imputed values
were generated for each missing record, and the model was
allowed to converge over 50 iterations. Analyses of each
imputed data set were combined to generate pooled estimates of effects and Wald tests of statistical significance (see
the revised statistical analysis plan in Supplement 2).
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Secondary outcomes were analyzed similarly. The IIEF and
health-related QOL data were imputed at the domain level, and
composite scores constrained to match the scoring algorithm
at each iteration; nonmissing domain scores were also included in the predictive model.
Sensitivity analyses were performed restricting attention
to observed data (without imputation) in participants who completed the planned intervention and to subgroups of men who
were obese, or had diabetes or coronary artery disease (CAD).
We also considered calcium progression among individuals
with no coronary calcium at baseline. Observed associations
between changes in circulating testosterone levels and the primary outcomes were obtained using a generalized additive
model, the utility of which was assessed using an analysis of
deviance. Adverse events were organized by system organ
class, and comparisons in the number of events per participant were made across trial groups using Poisson regression.
All statistical comparisons were 2-sided, and type I error
probability was set at .05. The analyses were performed using
R statistical software, version 3.1.2 (R Foundation for Statistical Computing) and SAS software version 9.3 (SAS Institute Inc).

Sample Size Estimation
Because no data on testosterone’s effects on carotid artery intima-media thickness were available, we computed the sample
size required to detect a treatment effect (between-group difference in thickness progression rate 0.008 mm/y) similar to
that found in the Estrogen in the Prevention of Atherosclerosis Trial (EPAT).14 We assumed an SD of 0.02 mm/y, the SD of
change found in the EPAT and in the lipid-lowering trials, Cholesterol Lowering Atherosclerosis Study (CLAS)23 and Monitored Atherosclerosis Regression Study (MARS).24 Assuming
a 2-sided P value, α of .05, and 1 − β of .80, we estimated a cumulative exposure of 3456 participant-months (eg, 96 participants for 36 months) in each of the 2 groups would be needed
to detect a treatment effect similar to what EPAT found. Conservatively, recruitment of 125 men was planned in each group,
for a total of 250 men, assuming a 25% dropout rate. The treatment effect detectable with this sample size is smaller than that
observed in CLAS, which yielded a hazard ratio for all coronary events of 3.1 per 0.03 mm/y.23,24 Therefore, enrollment
of 250 men would provide more than 80% power to detect a
clinically meaningful effect such as that exerted by statin
therapy.23,24
In a previous study,25 the yearly mean (SD) rate of change
in coronary artery calcium scores was 33% (12%) in asymptomatic persons. Conservatively, we assumed that the common SD is 35 Agatston units. If the rate of change in calcium
were similar in placebo-treated men to that reported in the previous study,25 a sample size of 250 men would provide more
than 90% power to detect a 25% between-group difference in
the rate of change of in either direction (eg, difference between 33% increase in calcium scores for one group vs 24% in
the other). These assumptions were based on previous studies of statin effects on coronary artery calcium.25
In November 2007, the data and safety monitoring board
required an increase in sample size to approximately 300 men
because of higher-than-expected dropout rates (≈30%). En-
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rollment of 300 participants would provide approximately 6912
months of medication exposure, which was deemed sufficient to detect the hypothesized between-group difference in
intima-media thickness with 80% power.

Results
Flow of Participants Through the Study
Of 1893 eligible participants who underwent telephone screening, 1406 were invited to be screened in person. Of those, 1098
did not meet eligibility criteria or declined to participate, and
308 were randomized (Figure 1). Two withdrew consent before receiving study medication leaving 306, 155 in testosterone and 151 in placebo group. The 306 receiving at least 1
medication dose were included in primary analyses. There were
7400 cumulative person-months of drug exposure.

Participant Characteristics
The 2 groups were similar in baseline characteristics (Table),
including common carotid artery intima-media thickness,
coronary artery calcium, IIEF, and health-related QOL scores
(Table). The mean (SD) age was 67.6 (5.2) years and body
mass index, 28.1 (2.9). Of 306 participants, 128 (42%) had
hypertension, 46 (15%) had diabetes, 46 (15%) had CAD, 82
(27%) were obese, and 133 (43%) were receiving a statin at
randomization.
Participants completing the trial were similar in their baseline testosterone levels, intima-media thickness, calcium
scores, and body mass index to those who did not complete
the trial (eTable 1 in Supplement 4). Adherence to study medication, assessed by counting the number of used and unused
gel packs, was 95% in both groups.

Primary and Secondary Outcomes
Testosterone Levels
Total and free testosterone levels were similar between groups
at baseline (Table). The mean (SD)—derived from the mean of
the 6-, 18-, and 36-month measurements—of total testosterone increased to 565 (245) ng/dL and the free testosterone
increased to 104 (59) pg/mL in the testosterone group, whereas
the placebo group’s mean testosterone levels did not change
significantly: 330 (103) ng/dL for total testosterone and
51 (20) ng/dL for free testosterone (Figure 2). Among the 155
men randomized to receive testosterone, the daily dose was
adjusted down to 5 g for 25 men and up to 10 g in for 72 men.
Among men randomized to the testosterone group, serum testosterone levels declined over time (Figure 2).
Intima-Media Thickness Scores
Exploratory assessments supported modeling of common
carotid artery intima-media thickness and coronary artery
calcium change as linear trends with time. Baseline mean
(SD) intima-media thickness did not differ between groups
(placebo, 0.879 [0.199] mm; testosterone, 0.877 [0.210] mm).
Using a mixed-effects regression model, which was adjusted
for age and trial site (via a random effect) and included all
306 participants, the per-year rate of change in intima-media
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Figure 1. Flow of Participants Through the Testosterone’s Effects on Atherosclerosis Progression in Aging Men
(TEAAM) Trial
1893 Men ≥60 y were screened by telephone
and assessed for eligibility

487 Excluded
310 Ineligible
221 Exclusionary medical conditions
40 Exclusionary medications
18 Language barriers
17 Did not meet age criterion
5 Enrolled in another study
9 Other reasons
149 Declined participation
28 Lost to follow-up

1406 Screened in person

1098 Excluded (ineligible)
929 Did not meet testosterone criterion
30 Exclusionary medications
27 Declined participation
12 Elevated PSA values
4 Abnormal urinalysis
3 Cancer
3 Elevated HbA1c
2 High BMI
1 Elevated creatinine
1 Elevated alkaline phosphatase
1 Elevated blood pressure
1 Hepatitis C
1 Indwelling urinary catheter
1 Indeterminate thyroid nodules
82 Other

308 Randomized

156 Randomized to receive testosterone
155 Received testosterone as randomized
1 Withdrew consent before receiving testosterone

152 Randomized to receive placebo
151 Received placebo as randomized
1 Withdrew consent before receiving placebo

44 Did not complete the study
18 Withdrew consent
5 Lost to follow-up
2 Died
3 Elevated hematocrit
3 Rash
2 Elevated PSA
2 Stroke
1 Myocardial infarction
1 Lower urinary tract symptoms
1 Cognitive impairment
1 Pancreatic cancer
1 Sleep apnea
1 Shoulder pain
1 Inappropriate behavior with clinic staff
1 Nonadherence
1 Enrolled in another study

51 Did not complete the study
29 Withdrew consent
4 Lost to follow-up
3 Died
3 Pancreatic cancer
2 Major depression
2 Lung cancer
1 Elevated IPSS score
1 Retroperitoneal cancer
1 Mastodynia and gynecomastia
1 Mood swings and irritability
1 Bradycardia
1 Itchy swollen eyes
1 Recurrent melanoma
1 Nonadherence

155 Included in the primary analysis

151 Included in the primary analysis

thickness did not differ significantly between groups (mean
difference, 0.0002 mm; 95% CI, −0.003 to 0.003; P = .89;
Figure 3). The rates of change in intima-media thickness was
0.010 mm/year in the placebo group and 0.012 mm/year in
the testosterone group (mean difference adjusted for age and
trial site, 0.0002 mm/year; 95% CI, −0.003 to 0.003, P = .89).
End-of-treatment intima-media thickness did not differ sig574

Three hundred eight eligible men
were randomized; 2 withdrew
consent shortly after being assigned a
randomization number and did not
receive the study medication. The
306 randomized men who received
at least 1 dose of the study
medication were included in the
primary analysis. BMI indicates body
mass index; HbA1c, hemoglobin A1c;
IPSS, International Prostate Symptom
Score; PSA, prostate-specific antigen.

nificantly between the 2 groups (mean, 0.90 mm; 95% CI,
0.86 to 0.94 testosterone and 0.92 mm; 95% CI, 0.88 to 0.96
placebo). The model-estimated 3-year change in common
carotid artery intima-media thickness in participants who
completed the intervention period did not differ significantly
between groups (mean between-group difference, 0.005
mm; 95% CI, −0.004 to 0.014, P = .30) and was similar to that
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Table. Baseline Characteristics of Participants

Table. Baseline Characteristics of Participants (continued)

Mean (SD)
Testosterone
(n = 155)

Mean (SD)
Placebo
(n = 151)

Testosterone
(n = 155)
IPSS scoreb

Trial site, No. (%)
Charles R. Drew University

9 (5.8)

10 (6.6)

Kronos Longevity Research
Institute

93 (60.0)

90 (59.6)

Boston Medical Center

53 (34.2)

51 (33.8)

Race, No. (%)
Black

14 (10.4)

12 (9.1)

White

112 (83.0)

111 (84.1)

Age, y
Height, cm

66.9 (5.0)

68.3 (5.3)

175.3 (7.2)

175.4 (6.3)

Weight, kg

86.5 (11.0)

86.3 (10.7)

BMI

28.1 (2.9)

28.0 (2.9)

Obese

40 (25.8)

42 (28.0)

Diabetes a

22 (14.2)

24 (16.0)

Hypertensiona

71 (45.8)

57 (38.0)

Hyperlipidemiaa

80 (51.6)

77 (51.3)

Risk factors, No. (%)

Medications, No. (%)
Statins

68 (43.9)

65 (43.3)

Antihypertensive medication

51 (32.9)

41 (27.3)

24 (15.5)

22 (14.7)

Prior coronary artery disease,
No. (%)
Total testosterone, ng/dL
≤200
No.
201-300
No.
>300
No.

307.2 (64.3)

307.4 (67.4)

186 (17.4)

165.3 (39.3)

8

11

256.7 (30.1)
62

258.3 (30.0)
51

356.0 (34.6)
84

60.9 (18.0)

Estradiol, pg/mL

21.8 (14.9)

18.5 (10.0)

3.1 (1.4)

3.2 (1.2)

Glucose

104.1 (23.3)

106.7 (25.7)

Total cholesterol

187.2 (42.1)

183.4 (36.7)

HDL cholesterol

47.1 (12.0)

48.7 (14.2)

Plasma, mg/dL

LDL cholesterol

115.6 (35.2)

109.7 (31.9)

Triglycerides

142.7 (87.9)

138.9 (76.4)

Hemoglobin, g/dL

14.6 (1.2)

14.4 (1.6)

Hematocrit, %

43.7 (3.7)

43.6 (3.6)

Hemoglobin A1c, %

5.7 (0.8)

5.7 (0.7)

PSA, ng/mL

1.31 (0.82)

1.25 (0.94)

Creatinine, mg/dL

1.06 (0.22)

1.06 (0.22)

Coronary calcium, AU
Median (IQR)

7.2 (5.0)

81.5 (14.1)

83.4 (12.4)

Physical functioning, %d

89.9 (16.5)

90.4 (16.0)

IIEF composite scoree

48.5 (21.1)

47.9 (22.2)

3.7 (3.3)

3.7 (3.1)

CARES score
(marital subscale)f
Adherence, %g

94.6

94.8

Abbreviations: AU, Agatston units of coronary artery calcium; BMI, body mass
index, calculated as weight in kilograms divided by height in meters squared;
CARES, Cancer Rehabilitation Evaluation System; CCA-IMT, common carotid
artery intima-media thickness; HDL, high-density lipoprotein; IIEF, International
Index of Erectile Function; IPSS, International Prostate Symptom score;
LDL, low-density lipoprotein; PSA, prostate-specific antigen; QOL, quality of life.
SI conversion factors: To convert estradiol to pmol, multiply by 3.671; LDL, HDL,
and total cholesterol to mmol/L, multiply by 0.0259; creatinine to μmol/L,
multiply by 88.4; glucose to mmol/L, multiply by 0.0555; total testosterone to
nmol/L, multiply by 0.0347; sex hormone–binding globulin to nmol/L, multiply
by 8.896; and triglycerides to mmol/L, multiply by 0.0113.
a

Based on self-report or medication use.

b

Ranges from 0 (asymptomatic) to 35 (severely symptomatic).

c

Score range, 0% to 100%, with the highest representing perfect
health-related QOL.

d

Self-reports of the physical function domain from the Medical Outcomes
Study 36-item short form (range, 0%-100%), with highest score representing
no dysfunction.

e

Score range, 0 to 75, with the highest representing no dysfunction.

f

Score range, 0 to 24, with the highest representing most severe.

g

Medication adherence was determined by returned gel packets at
follow-up visits.

88

64.0 (17.2)

CCA-IMT, mm

6.6 (5.1)

Health-related QOL composite
score, %c

353.6 (31.0)

Free testosterone, pg/mL

Sex hormone–binding globulin,
μg/mL/L

Placebo
(n = 151)

0.88 (0.21)

0.88 (0.20)

452 (715)

508 (695)

142 (39-659)

148 (10-519)

0, No. (%)

21 (15.0)

20 (15.2)

1-100, No. (%)

42 (30.0)

32 (24.2)

101-300, No. (%)

26 (18.6)

27 (20.5)

>300, No. (%)

51 (36.4)

53 (40.2)
(continued)

obtained in the analysis of all 306 participants (eFigure 1 in
Supplement 4). Among participants randomized to receive
testosterone, changes in total or free testosterone levels were
not significantly associated with change in intima-media
thickness (eFigure 2 in Supplement 4).
Coronary Artery Calcium Scores
Baseline coronary artery calcium scores did not differ
between groups. After adjustment for treatment site and age,
the estimated per-year rate of change in coronary artery calcium during intervention was not significantly different
between the 2 groups: 41.4 Agatston units/year in the placebo
group and 31.4 Agatston units/year in the testosterone group
(mean difference, −10.8; 95% CI, −45.7 to 24.2 Agatston units;
P = .54; Figure 3). The model-estimated between-group difference in change from baseline to end-of-treatment coronary artery calcium in participants completing the intervention (mean difference, −24.3; 95% CI, −92.4 to 43.8; P = .48)
was similar to the analysis involving all the participants, after
adjustment for site and age (eFigure 1 in Supplement 4).
Among participants randomized to receive testosterone, the
changes in total or free testosterone were not significantly
associated with changes in coronary artery calcium scores
(eFigure 2 in Supplement 4).
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Figure 2. Total and Free Testosterone Levels at Baseline and While Taking
Study Medication

Figure 3. Change in Distal Common Carotid Artery Intima-Media
Thickness and Coronary Artery Calcium Scores in Participants
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Means and 95% confidence intervals are presented as data markers and error bars.

Sexual Function
Exploratory assessments suggested nonlinear changes in most
secondary outcomes with time; analyses therefore estimated
differences between testosterone and placebo at postrandomization visits. The 2 groups did not differ significantly in the
change from baseline in the composite IIEF score or in any domain scores (Figure 4). The intercourse satisfaction domain
score improved significantly more in men in the testosterone
group, but the improvements were modest (mean difference,
0.97; 95% CI, 0.0001-1.941; P = .05; Figure 4). There was no significant between-group difference in partner intimacy or interaction (eFigure 3 in Supplement 4).
Health-Related QOL and Physical Functioning
Self-reported physical function, assessed using the physical function domain of the SF-36 did not differ significantly between
groups (eFigure 4 in Supplement 4). Neither the composite healthrelated QOL score nor any of the subdomain scores differed significantly between groups (eFigure 5 in Supplement 4).
Serum Lipid and Blood Glucose Levels
The changes in total cholesterol, high-density lipoprotein, and
low-density lipoprotein cholesterol; triglycerides; and fasting glucose levels did not differ between groups (Figure 5).
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The trajectory of change in carotid artery intima-media thickness and total
coronary artery calcium by time since randomization. The means (data markers)
and 95% CIs (error bars), generated from the observed data, are shown.
Estimates are derived from mixed-effects regression models supplemented by
multiple imputation of missing records (see the Methods section).

Sensitivity Analyses
We evaluated whether intervention effects varied according
to baseline obesity status, diabetes status, or the presence of
CAD at baseline (eFigure 6 in Supplement 4). The rate of
change in common carotid artery intima-media thickness or
coronary artery calcium did not differ significantly between
groups among men who were obese, had CAD, or had diabetes. Restricting the analyses to the 211 men who completed
the 36-month intervention or stratifying the analyses by
baseline coronary artery calcium (0, 1-49, >50 Agatston units)
produced results similar to those obtained in the primary
analysis. Analyses restricted to men with undetectable coronary artery calcium at baseline—all of whom were younger
than 75 years—were similarly nonsignificant, with mean estimated between-group difference in per-year estimates 0.69
Agatston units (95% CI, −0.74 to 2.12). However, in a post hoc
exploratory analysis of observed data restricted to statin nonusers, the annual rate of change in coronary artery calcium
was significantly lower in the testosterone group than in the
placebo group (mean difference, −30.1; 95% CI, −59.1 to −1.0;
P = .04). (eFigure 6, lower panel, in Supplement 4).
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Figure 4. Sexual Function at Baseline and While Taking Study Medication
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Each panel represents 1 of the 5 domains of the International Index of Erectile
Function (IIEF). Means and 95% confidence intervals are presented as data
markers and error bars. The mean estimated difference were derived while
participants were taking the study medications (testosterone minus placebo);

estimates were derived from a mixed-effects regression model after adjusting
for age group and study center, supported by multiple imputation of missing
records (see the Methods section).

Adverse Events

0.45 (95% CI, −0.4 to 1.3; P = .29; Figure 5) was not statistically significant. The small number of unadjudicated CVD
events and major adverse cardiovascular events did not differ between groups: 3 in the testosterone vs 2 in the placebo
group had myocardial infarction; 5 in the testosterone vs 2 in
the placebo group had undergone coronary revascularization; 3 in the testosterone vs 0 in the placebo group had had a
stroke, and 1 in the testosterone group vs 0 in the placebo group
had died of a cardiovascular-related event.

The number of participants reporting adverse events or serious adverse events did not differ between groups (eTable 2 in
Supplement 2). Seventeen participants in the testosterone
group experienced hematologic events vs 4 in the placebo
group. Mean changes in hemoglobin (model-estimated mean
difference, 0.53 g/dL; 95%CI, 0.29-0.76; P < .001) and hematocrit (model-estimated mean difference, 1.9%; 95% CI, 1.2%2.6%; P < .001) were significantly greater in the testosterone
group than in the placebo group (Figure 5). Thirteen men in
testosterone group experienced hematocrit greater than 54%
vs none in the placebo group. Four participants in the testosterone group, but none in the placebo group, experienced PSA
levels greater than 4 ng/mL. Prostate-specific antigen levels
increased significantly more in the testosterone group than in
the placebo group (model-estimated mean difference,
0.28 ng/mL; 95% CI, 0.06-0.49; P = .01). Fourteen men in the
testosterone group vs 2 in the placebo group had an IPSS score
higher than 21; the IPSS score change was greater in the testosterone group, but the model-estimated mean difference was

Discussion
The rates of subclinical atherosclerosis progression in
community-dwelling older men with low or low-normal testosterone levels did not differ significantly between men assigned
to the testosterone or placebo groups. The results obtained using
either marker of atherosclerosis were concordant in demonstrating no significant association between randomization to testosterone and the rates of intima-media thickness progression or
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Figure 5. Safety and Laboratory Assessments: Baseline and On-treatment Analytes and International Prostate Symptom Score
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Means and 95% confidence intervals are presented as data markers and error
bars. The mean estimated difference (testosterone minus placebo) were
derived while participants were taking the study medication; estimates were
derived from a mixed-effects regression model after controlling for age and

study center, supported by multiple imputation of missing records (see the
Methods section). PSA indicates prostate-specific antigen; IPSS, International
Prostate Symptom Score.

change in coronary artery calcium scores. Sensitivity analyses involving men with diabetes or obesity who were in various categories of calcium scores or who had completed the
3-year intervention were consistent with results obtained in
the overall intention-to-treat population. These findings were

further corroborated by the lack of significant association between the change in testosterone levels and change from baseline in either intima-media thickness or calcium scores. In
CLAS,24,25 for each 0.03-mm increase in intima-media thickness, the relative risk of nonfatal myocardial infarction or coro-
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nary death was 2.2 and risk of any coronary artery disease event
was 3.3. Thus, the trial was adequately powered to detect clinically meaningful between-group differences that were even
smaller than those observed with cholesterol-lowering therapy.
The observed differences between groups were neither statistically significant nor clinically meaningful.
Testosterone administration did not significantly
improve erectile or ejaculatory function, sexual desire, partner intimacy, or health-related QOL. The improvements in
intercourse satisfaction, although statistically significant,
were of small magnitude and could be due to chance alone,
in light of the lack of improvements in other domains of
sexual function. Thus, the effects of testosterone on sexual
function in this population contrast with those of phosphodiesterase inhibitors, which are associated with substantial
improvements in erectile function, orgasmic function, intercourse satisfaction, and overall satisfaction in men with erectile dysfunction.26 These data are consistent with the results
of meta-analyses of testosterone trials, which have also
reported no significant improvements in sexual function in
men who have normal or low-normal testosterone levels.27,28
Dose-response studies29-31 and randomized trials involving
men with low-normal testosterone levels have suggested that
increasing testosterone levels above the lower limit of the
normal range in healthy men does not further improve sexual
function. It is possible that testosterone supplementation
may improve measures of sexual function in older men with
unequivocally low testosterone levels, as has been suggested
by several meta-analyses.27,28
The trial had many strengths—inclusion of a placebo control, parallel-group design, double-blinding, concealed randomization, and intention-to-treat analytic strategy. To our
knowledge, this is the largest randomized trial investigating
testosterone’s effects on atherosclerosis progression in older
men to date. The ongoing T Trials, a coordinated set of 7
trials, includes a substudy of testosterone’s effects on plaque
volume over 1 year among approximately 140 men32; those
data, when available, will provide important complementary
information to the data reported herein. The TEAAM trial’s
3-year intervention duration was sufficiently long to determine clinically meaningful effects of the intervention on
common carotid artery intima-media thickness and coronary
artery calcium. During the trial, the testosterone dose was
adjusted to maintain testosterone levels at the mid-normal
range. The testosterone threshold used for inclusion in the
trial was similar to that used in some trials but higher than
that used in other trials.33-38 The testosterone dose in the trial
may be higher than that used typically in clinical practice and
in some trials but was not dissimilar from that used in other
trials.2,3,33-38 We aimed to maintain the average testosterone
concentrations in the testosterone group at the mid-normal
range established for young men, consistent with the Endocrine Society’s guideline2 for testosterone therapy and was
not different from levels reported in other trials.3,33-39 However, testosterone levels declined over time in men assigned
to the testosterone group; this could be due to treatment
adherence being less than that reported by the participants,
due to changes in testosterone metabolism over time, or due
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to progressive suppression of endogenous testosterone production with continued testosterone administration. Two
different markers of atherosclerosis provided consistent
results.
The trial had several limitations that could affect the generalizability of these findings. The loss-to-follow-up rate was
high but was not dissimilar from that observed in other trials
of comparable duration36,40 and was substantially better than
that observed in clinical practice.41,42 The participants who
were lost to follow-up did not differ from those who stayed in
the trial. The recruitment was unequal across trial sites. The
effectiveness of participant blinding was not assessed. P values were not adjusted for multiple comparisons, which may
increase the risk of false rejection of null hypothesis (eg, in
the case of intercourse satisfaction). These men were not
selected based on a diagnosis of hypogonadism or symptoms
of hypogonadism and some men included in the trial had
low-normal testosterone levels, similar to men included in
many previous trials involving older men33-37 and to many
older men receiving testosterone therapy in clinic al
practice.42 These findings should not be extrapolated to men
with classical hypogonadism due to known diseases of the
testis, pituitary, and the hypothalamus. Testosterone levels
were measured using an immunoassay because LC-MS/MS
assays were not available at the time of trial’s initiation. The
trial, which was powered for atherosclerosis progression, had
limited statistical power for sensitivity analyses conducted in
smaller subgroups. Although measures of subclinical atherosclerosis have been shown to be predictive of cardiovascular
events,13-15,24,25,43 the changes in these subclinical measures
with various interventions have correlated with changes in
CVD event rates in some trials but not others. Coronary artery
calcium only measures calcified plaque and some intervention trials did not show a significant change in calcium progression in spite of changes in cardiovascular events.
The TEAAM trial was not designed to determine the
effects of testosterone on CVD events, which were not adjudicated or ascertained using a structured instrument. A substantially larger trial would be needed to determine testosterone’s effects on CVD events. Although numerically there
were more CVD events among men assigned to the testosterone group than to the placebo group, CVD events were
sparse and not adjudicated. The TEAAM trial’s study population differed from that enrolled in the Testosterone in Older
Men with Mobility Limitation (TOM) trial, 3 which was
stopped early due to a higher frequency of cardiovascular
events in the testosterone group than in the placebo group.
The participants in the TEAAM trial were, in general,
younger, healthier, and not mobility limited and had lower
baseline prevalence of cardiovascular risk factors than those
in the TOM trial. The TEAAM trial’s findings suggest that the
observed increase in cardiovascular events in the TOM trial
and in some retrospective analyses cannot be attributed to
testosterone’s effects on atherosclerosis progression. Also,
CVD events in the TOM trial3 and the study by Finkle et al4
occurred early in the course of testosterone administration. It
is possible that testosterone may affect plaque stability, clot
formation, salt and water retention, inflammation, or other
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mechanisms that might render some men susceptible to
early CVD events. The findings of this randomized trial differ
from those of some epidemiological studies, which have
reported low testosterone levels to be associated with higher
common carotid artery intima-media thickness.2,11 Low testosterone levels have also been reported in some studies to
be associated with cardiovascular and all-cause mortality.9
Similar differences in the results of epidemiological studies
and randomized trials have been observed for estrogen therapies for women. The differences in the effects of endogenous
circulating hormones in contrast to those of exogenously
administered hormonal therapies as well as variable at-risk
timeframes could contribute to the apparent discrepancies
between epidemiological and randomized trial results. In
epidemiological studies, reverse causality cannot be
excluded. Those at higher risk of death might have low testosterone levels due to illness or other factors that contribute
to higher mortality.
In exploratory analyses, among statin nonusers, the rate
of change in coronary artery calcium was lower in the testosterone group than in the placebo group; the opposite was
found in statin users. These findings are similar to those
reported in estradiol trials in postmenopausal women, in
which estradiol’s effects on atherosclerosis were more strikingly apparent in statin nonusers than in statin users.14 Statin
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