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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, ANDPARTICIPANTS Testosterone’s Effects onAtherosclerosis Progression in

AgingMen (TEAAM)was aplacebo-controlled, double-blind, parallel-group randomized trial

involving308men60years or olderwith lowor low-normal testosterone levels (100-400ng/dL;

free testosterone<50pg/mL), recruited at 3UScenters. Recruitment tookplacebetween

September 2004andFebruary 2009; the last participant completed the study inMay2012.

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 ANDMEASURES 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 0.010mm/year in the placebo

group and 0.012mm/year in the testosterone group (mean difference adjusted for age and

trial site, 0.0002mm/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 (adjustedmean 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 increasedmore in testosterone group.

CONCLUSIONS AND RELEVANCE Among oldermenwith lowor 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 oldermen.
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T
estosterone saleshave increased substantially, particu-

larly among older men, during the past decade.1 How-

ever, thebenefits andrisksof long-termtestosteronead-

ministration 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 in-

creased frequencyof cardiovascular adverse events in the tes-

tosterone group, and some,4,5 but not other,6 retrospective

analyses of testosterone users have raised concern that tes-

tosterone administrationmight increase the risk of cardiovas-

cular disease (CVD) events. Although some studies have re-

portedanassociationof lowtestosterone levelswith increased

risk of diabetes,metabolic syndrome, proatherogenic dyslip-

idemia, CVD, andmortality,2,7-11other studies havenot shown

a consistent association between testosterone levels and in-

cident CVD.2 Testosterone levels have been negatively asso-

ciatedwith commoncarotid 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 How-

ever, the long-termconsequencesof testosterone supplemen-

tation on atherosclerosis in older men remain unknown.

The primary aim of the Testosterone’s Effects on Athero-

sclerosis Progression in Aging Men (TEAAM) trial was to de-

termine the effect of increasing circulating testosterone con-

centrations into a range that ismid-normal for youngmen on

subclinical atherosclerosis progression in oldermenwith low

or low-normal testosterone levels. The secondary aimwas 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 studyprotocolwas ap-

provedby institutional reviewboards at the 3participating in-

stitutions: Charles Drew University, Los Angeles, California;

BostonUniversityMedicalCenter,BrighamandWomen’sHos-

pital, Boston, Massachusetts; and by the Western Institu-

tional Review Board, Puyallup, Washington, for the Kronos

LongevityResearch Institute, Phoenix,Arizona (see the study

protocol in Supplement 1 and the revised statistical analysis

plan in Supplement 2). Study recruitment took place Septem-

ber 2004 through February 2009; the last participant com-

pleted the study in May 2012. All participants provided writ-

ten, informed consent. The data and safetymonitoring board

reviewed adverse events semiannually.

Participants

The participants were community-dwelling men, 60 years or

older, with total morning (7-10 AM) testosterone levels be-

tween 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

cancers other than nonmelanotic skin cancers; severe lower

urinary tract symptoms(InternationalProstateSymptomScore

[IPSS] >21); prostate-specific antigen (PSA) levels higher than

4 ng/mL; dementia; untreated major depression or schizo-

phrenia; alanine aminotransferase andaspartate aminotrans-

ferase more than 3 times the upper limit of normal; creati-

nine levelshigher than2.5mg/dL;hemoglobinA1cgreater than

9.0%;hematocrit greater than48%;unstableangina;NewYork

Heart Association class III or IV heart failure; myocardial in-

farctionwithin 6months of entry; untreated thyroid disease;

systolic blood pressure (BP) higher than 160 mm Hg or dia-

stolic BP higher than 100 mm Hg; or body mass index (BMI)

higher than 35, calculated as weight in kilograms divided by

height inmeters squared. (To convert creatinine frommg/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, blackmenhave ahigher risk of clinical pros-

tate cancer. There has been concern that they may be at in-

creased risk of developing clinical prostate cancer during tes-

tosterone therapy.

Randomization

Participants were assigned using a 1:1 concealed randomiza-

tion and stratification by age (60-75 years and >75 years) and

site to receive either placebo or testosterone gel. A statisti-

cian generated the randomization sequence and forwarded it

to the investigationaldrugpharmacy,which thenassignedpar-

ticipants 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. Twoweeks after randomization, total testos-

terone levels were measured 2 to 12 hours after gel applica-

tion. If the total testosterone concentration was lower than

500 ng/dL, the testosterone dose was increased to 10 g or if

higher than 900ng/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 blind-

ing.

Blinding

The study staff and participants were blinded. All partici-

pants received3gelpacketsdaily tomaintainblinding (eg,men

randomizedto receive7.5gof testosteronegel received1packet

containing 5.0 g of testosterone gel, 1 containing 2.5 g of tes-

tosterone gel, and 1 containing placebo gel, whereas those in

the placebo group received 3 placebo packets). The effective-

ness of blinding was not assessed.

Outcomes

Thecoprimaryoutcomeswere the rateof change indistal right

common carotid artery intima-media thickness and coronary

artery calcium. Common carotid artery intima-media thick-

ness,which ispredictiveof incident cardiovascular events,13,14

was measured at baseline and every 6 months during the in-

tervention period. We also assessed the total calcium score
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usingmultidetector-row computed tomography (MDCT), an-

othermeasure of subclinical atherosclerosis,15 at baseline and

at 18 and36months. Serum lipids and fasting glucose concen-

trations were measured at 0, 6, 18, and 36 months. Safety as-

sessments includedadverseevent recording,hematocrit,blood

chemistries, PSA, and IPSS values. We also report herein the

results of some secondary efficacy outcomes—sexual func-

tion 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 Uni-

versity of Southern California Core Imaging Center. Ultra-

sound images were analyzed using automated boundary

detection to locate lumen-intima and media-adventitia

boundaries at subpixel resolution (eAppendixB inSupplement

3). The coefficient of variation of intima-media thickness

measurement was less than 4%.

The MDCT scan was performed using the General Elec-

tric Lightspeed Model VCT 64 channel scanner in high-

resolution volume mode, using 100-millisecond exposure

time.15 Electrocardiographic-triggering synchronized images

in the samepoint indiastole, corresponding to40%of theR-R

interval (eAppendixB inSupplement 3). Proximal coronaryar-

terieswerevisualized, andat least 30consecutive imageswere

obtained at 3-mm intervals. Coronary calciumwas defined as

a plaque of at least 3 contiguous pixels (area, 1.02mm2)with a

densityofmore than130Hounsfieldunits.The lesionscorewas

calculatedbymultiplying lesionareabyadensity factorderived

from Hounsfield units. The total calcium score was deter-

mined 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 in-

terventions interpretedall scansat theCTreadingcenterof the

LosAngeles Biomedical Research Institute, Torrance, Califor-

nia (supervised by M.B.).

Sexual function was assessed using the International In-

dex of Erectile Function (IIEF), a validated, 15-itemquestion-

naire that assesses5domainsof sexual function—erectile func-

tion,orgasmic function, sexualdesire, intercourse satisfaction,

andoverall sexual satisfaction.17The IIEF,withapossible range

of 0 to 75 (higher scores representing better function), has ex-

cellent internal consistency (Cronbach α, .90) and test-retest

reliability (0.82). Theminimal clinically important difference

for the erectile functiondomainof IIEF is 4points using as the

anchor response to question 7: “Over the past 4 weeks, when

you attempted sexual intercourse how often was it satisfac-

tory foryou?” InasubsetofparticipantsenrolledatBostonUni-

versityMedical Center, themarital interaction scale from the

CancerRehabilitationEvaluationSystemShortFormwasused

to assess a participant’s relationship and intimacy with his

sexual partner.18 The Cancer Rehabilitation Evaluation Sys-

tem Short Form has been validated in many settings and is

scored from 0 to 4 with lower scores representing better in-

teraction intimacy.18

We determined whether testosterone improves self-

reported physical function via the physical function domain

of theMedicalOutcomesStudy36-itemshort formhealth sur-

vey (SF-36)19 for all participants. Additionally, health-related

QOLwas assessedusing the full SF-36questionnaire19 for par-

ticipantsenrolledat theBostonandLosAngelessites.TheSF-36

measures 8 domains of the QOL—physical function, bodily

pain, vitality, role limitations due to physical problems, gen-

eral health perceptions, emotional well-being, social func-

tion, and role limitationsdue toemotional problems.Eachdo-

main is scored separately from 0 to 100 with higher scores

representing better health-related QOL.19 The SF-36 has ex-

cellent internal consistency (Cronbach α .76-.90) and test-

retest reliability (0.76-0.96) for various domains. The mini-

mal clinically important differences for various domains of

SF-36 have been determined to be between 3 and 5 for vari-

ous conditions.

Hormone Assays

Total testosteronewasmeasuredatQuestDiagnostics,SanJuan

Capistrano, California, using a Bayer Advia Centaur immuno-

assay (SiemensHealthcareDiagnostics) after extraction of se-

rumwith ethyl acetate andhexane followedby celite chroma-

tography; this assay, validated against liquid chromatography

coupled to tandemmass spectrometry (LC-MS/MS), has a sen-

sitivityof 10ng/dL.20Sexhormone-bindingglobulinwasmea-

sured 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 dis-

plays were used to assess observed differences at baseline

and during the intervention period. The primary intent-to-

treat 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-in-

treatment, 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 val-

ues were estimated using predictive mean matching. The

imputationmodel controlled for age group, study center, ran-

domization, 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 esti-

mates of effects and Wald tests of statistical significance (see

the revised statistical analysis plan in Supplement 2).
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Secondaryoutcomeswereanalyzedsimilarly.The IIEFand

health-relatedQOLdatawere imputedat thedomain level, and

composite scores constrained tomatch the scoring algorithm

at each iteration; nonmissing domain scores were also in-

cluded in the predictive model.

Sensitivity analyseswere performed restricting attention

toobserveddata (without imputation) inparticipantswhocom-

pleted theplanned interventionand to subgroupsofmenwho

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

betweenchanges in circulating testosterone levels and thepri-

mary 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 partici-

pant were made across trial groups using Poisson regression.

All statistical comparisons were 2-sided, and type I error

probabilitywas set at .05. The analyseswere performedusing

R statistical software, version 3.1.2 (R Foundation for Statisti-

calComputing)andSASsoftwareversion9.3 (SASInstitute Inc).

Sample Size Estimation

Becausenodata on testosterone’s effects on carotid artery in-

tima-media thicknesswereavailable,wecomputed thesample

size required todetect a treatment effect (between-groupdif-

ference in thickness progression rate 0.008 mm/y) similar to

that found in the Estrogen in the Prevention of Atherosclero-

sis Trial (EPAT).14 We assumed an SD of 0.02 mm/y, the SD of

change found in theEPATand in the lipid-lowering trials, Cho-

lesterol Lowering Atherosclerosis Study (CLAS)23 and Moni-

tored Atherosclerosis Regression Study (MARS).24 Assuming

a 2-sided P value, α of .05, and 1 − β of .80, we estimated a cu-

mulative exposure of 3456participant-months (eg, 96partici-

pants for 36months) in each of the 2 groupswould be needed

to detect a treatment effect similar towhat EPAT found. Con-

servatively, recruitmentof 125menwasplanned ineachgroup,

for a total of 250men, assuming a 25%dropout rate. The treat-

menteffectdetectablewith this samplesize is smaller thanthat

observed in CLAS, which yielded a hazard ratio for all coro-

nary 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 yearlymean (SD) rate of change

in coronary artery calcium scores was 33% (12%) in asymp-

tomatic persons. Conservatively, we assumed that the com-

mon SD is 35 Agatston units. If the rate of change in calcium

weresimilar inplacebo-treatedmento that reported in thepre-

vious 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 be-

tween 33% increase in calcium scores for one group vs 24% in

the other). These assumptions were based on previous stud-

ies 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 300men

because of higher-than-expected dropout rates (≈30%). En-

rollmentof300participantswouldprovide approximately6912

months of medication exposure, which was deemed suffi-

cient to detect thehypothesizedbetween-groupdifference in

intima-media thickness with 80% power.

Results

Flow of Participants Through the Study

Of 1893eligibleparticipantswhounderwent telephonescreen-

ing, 1406were invited tobe screened inperson.Of those, 1098

did notmeet eligibility criteria or declined to participate, and

308 were randomized (Figure 1). Two withdrew consent be-

fore receiving study medication leaving 306, 155 in testos-

terone and 151 in placebo group. The 306 receiving at least 1

medicationdosewere includedinprimaryanalyses.Therewere

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 trialwere similar in their base-

line testosterone levels, intima-media thickness, calcium

scores, and body mass index to those who did not complete

the trial (eTable 1 in Supplement4). Adherence to studymedi-

cation, 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 levelswere similar betweengroups

at baseline (Table). Themean (SD)—derived from themean of

the 6-, 18-, and 36-month measurements—of total testos-

terone increased to 565 (245) ng/dL and the free testosterone

increased to 104 (59)pg/mL in the testosteronegroup,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.

Amongmenrandomized to the testosteronegroup, serumtes-

tosterone 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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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 sig-

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

Figure 1. Flow of Participants Through the Testosterone’s Effects on Atherosclerosis Progression in AgingMen

(TEAAM) Trial

308 Randomized

1893 Men ≥60 y were screened by telephone
and assessed for eligibility

1406 Screened in person

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

1098 Excluded (ineligible)

929 Did not meet testosterone criterion

82 Other

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

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

155 Included in the primary analysis 151 Included in the primary analysis

44 Did not complete the study

18 Withdrew consent

5 Lost to follow-up

3 Elevated hematocrit

3 Rash

2 Elevated PSA

2 Stroke

2 Died

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

Three hundred eight eligible men

were randomized; 2 withdrew

consent shortly after being assigned a

randomization number and did not

receive the studymedication. The

306 randomizedmenwho 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.
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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 cal-

cium 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 dif-

ference in change from baseline to end-of-treatment coro-

nary artery calcium in participants completing the interven-

tion (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).

Table. Baseline Characteristics of Participants

Mean (SD)

Testosterone
(n = 155)

Placebo
(n = 151)

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 66.9 (5.0) 68.3 (5.3)

Height, cm 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)

Risk factors, No. (%)

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)

Medications, No. (%)

Statins 68 (43.9) 65 (43.3)

Antihypertensive medication 51 (32.9) 41 (27.3)

Prior coronary artery disease,
No. (%)

24 (15.5) 22 (14.7)

Total testosterone, ng/dL 307.2 (64.3) 307.4 (67.4)

≤200 186 (17.4) 165.3 (39.3)

No. 8 11

201-300 256.7 (30.1) 258.3 (30.0)

No. 62 51

>300 356.0 (34.6) 353.6 (31.0)

No. 84 88

Free testosterone, pg/mL 64.0 (17.2) 60.9 (18.0)

Estradiol, pg/mL 21.8 (14.9) 18.5 (10.0)

Sex hormone–binding globulin,
μg/mL/L

3.1 (1.4) 3.2 (1.2)

Plasma, mg/dL

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)

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)

CCA-IMT, mm 0.88 (0.21) 0.88 (0.20)

Coronary calcium, AU 452 (715) 508 (695)

Median (IQR) 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)

Table. Baseline Characteristics of Participants (continued)

Mean (SD)

Testosterone
(n = 155)

Placebo
(n = 151)

IPSS scoreb 6.6 (5.1) 7.2 (5.0)

Health-related QOL composite
score, %c

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)

CARES score
(marital subscale)f

3.7 (3.3) 3.7 (3.1)

Adherence, %g 94.6 94.8

Abbreviations: AU, Agatston units of coronary artery calcium; BMI, bodymass

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 tommol/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.

bRanges from0 (asymptomatic) to 35 (severely symptomatic).

c Score range, 0% to 100%, with the highest representing perfect

health-related QOL.

dSelf-reports of the physical function domain from theMedical 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.

gMedication adherence was determined by returned gel packets at

follow-up visits.
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Sexual Function

Exploratoryassessments suggestednonlinear changes inmost

secondary outcomeswith time; analyses therefore estimated

differencesbetween testosteroneandplaceboatpostrandom-

ization visits. The 2 groups did not differ significantly in the

change frombaseline in the composite IIEF score or in anydo-

main scores (Figure 4). The intercourse satisfaction domain

score improved significantlymore inmen in the testosterone

group, but the improvementsweremodest (meandifference,

0.97; 95%CI,0.0001-1.941;P = .05;Figure4). Therewasnosig-

nificant between-group difference in partner intimacy or in-

teraction (eFigure 3 in Supplement 4).

Health-Related QOL and Physical Functioning

Self-reportedphysicalfunction,assessedusingthephysicalfunc-

tion domain of the SF-36 did not differ significantly between

groups(eFigure4inSupplement4).Neitherthecompositehealth-

relatedQOLscorenor anyof the subdomain scoresdiffered sig-

nificantly between groups (eFigure 5 in Supplement 4).

Serum Lipid and Blood Glucose Levels

Thechanges in total cholesterol, high-density lipoprotein, and

low-density lipoprotein cholesterol; triglycerides; and fast-

ing glucose levels did not differ between groups (Figure 5).

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 diabe-

tes. 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 coro-

nary artery calcium at baseline—all of whom were younger

than 75 years—were similarly nonsignificant, with mean esti-

mated 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 non-

users, 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).

Figure 2. Total and Free Testosterone Levels at Baseline andWhile Taking

StudyMedication
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Figure 3. Change in Distal Common Carotid Artery Intima-Media

Thickness and Coronary Artery Calcium Scores in Participants
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Adverse Events

The number of participants reporting adverse events or seri-

ous 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-estimatedmean

difference, 0.53 g/dL; 95%CI, 0.29-0.76; P < .001) and hemat-

ocrit (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 testos-

teronegroup, butnone in theplacebogroup, experiencedPSA

levels greater than 4 ng/mL. Prostate-specific antigen levels

increased significantlymore 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). Fourteenmen in the

testosterone groupvs 2 in theplacebogrouphadan IPSS score

higher than 21; the IPSS score change was greater in the tes-

tosteronegroup,but themodel-estimatedmeandifferencewas

0.45 (95% CI, −0.4 to 1.3; P = .29; Figure 5) was not statisti-

cally significant. The small number of unadjudicated CVD

events and major adverse cardiovascular events did not dif-

fer between groups: 3 in the testosterone vs 2 in the placebo

group hadmyocardial infarction; 5 in the testosterone vs 2 in

the placebo group had undergone coronary revasculariza-

tion; 3 in the testosterone vs 0 in the placebo group had had a

stroke, and1 in the testosteronegroupvs0 in theplacebogroup

had died of a cardiovascular-related event.

Discussion

The rates of subclinical atherosclerosis progression in

community-dwellingoldermenwith lowor low-normal testos-

terone levels didnot differ significantly betweenmenassigned

tothetestosteroneorplacebogroups.Theresultsobtainedusing

eithermarkerofatherosclerosiswereconcordant indemonstrat-

ingnosignificantassociationbetweenrandomization to testos-

terone and the rates of intima-media thickness progression or

Figure 4. Sexual Function at Baseline andWhile Taking StudyMedication
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change in coronary artery calcium scores. Sensitivity analy-

ses involving men with diabetes or obesity who were in vari-

ous categories of calcium scores or who had completed the

3-year intervention were consistent with results obtained in

theoverall intention-to-treat population. These findingswere

further corroborated by the lack of significant association be-

tween thechange in testosterone levels andchange frombase-

line in either intima-media thickness or calcium scores. In

CLAS,24,25 for each 0.03-mm increase in intima-media thick-

ness, the relative riskofnonfatalmyocardial infarctionor coro-

Figure 5. Safety and Laboratory Assessments: Baseline andOn-treatment Analytes and International Prostate Symptom Score
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narydeathwas2.2andriskofanycoronaryarterydiseaseevent

was3.3.Thus, the trialwasadequatelypowered todetect clini-

cally meaningful between-group differences that were even

smaller thanthoseobservedwithcholesterol-lowering therapy.

The observed differences between groups were neither sta-

tistically significant nor clinically meaningful.

Testosterone administration did not significantly

improve erectile or ejaculatory function, sexual desire, part-

ner 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 phosphodi-

esterase inhibitors, which are associated with substantial

improvements in erectile function, orgasmic function, inter-

course satisfaction, and overall satisfaction in men with erec-

tile 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

menwith low-normal testosterone levels have suggested that

increasing testosterone levels above the lower limit of the

normal range in healthymen 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 con-

trol, parallel-group design, double-blinding, concealed ran-

domization, 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 deter-

mine 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 Endo-

crine Society’s guideline2 for testosterone therapy and was

not different from levels reported in other trials.3,33-39 How-

ever, 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

to progressive suppression of endogenous testosterone pro-

duction with continued testosterone administration. Two

different markers of atherosclerosis provided consistent

results.

The trial had several limitations that could affect the gen-

eralizability 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 val-

ues 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 clinical

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 athero-

sclerosis 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 interven-

tion trials did not show a significant change in calcium pro-

gression 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 adju-

dicated or ascertained using a structured instrument. A sub-

stantially larger trial would be needed to determine testos-

terone’s effects on CVD events. Although numerically there

were more CVD events among men assigned to the testos-

terone group than to the placebo group, CVD events were

sparse and not adjudicated. The TEAAM trial’s study popula-

tion 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 tes-

tosterone 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 thera-

pies 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 tes-

tosterone 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 testos-

terone 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 strik-

ingly apparent in statin nonusers than in statin users.14 Statin

use is a marker of increased cardiovascular risk, and it is pos-

sible that the effects of testosterone may differ in older men

at high risk of CVD. It is also possible that statin use masked a

potentially beneficial effect of testosterone on atherosclero-

sis progression. This post hoc exploratory analysis was nei-

ther prespecified nor adjusted for multiple comparisons.

Additional trials should investigate the hypothesis suggested

by these exploratory analyses of whether testosterone

retards atherosclerosis progression in older men who are not

using statins.

Conclusions

Among older men with low or low-normal testosterone lev-

els, testosterone administration for 3 years compared with

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 was it associated

with improved overall sexual function or health-related QOL.

Because this trial was only powered to evaluate atherosclero-

sis progression and not cardiovascular events, these findings

should not be interpreted as establishing cardiovascular

safety of testosterone use in older men such as those enrolled

in this trial.
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