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Summary
Background Testosterone therapy (TT) is increasingly initiated outside classical hypogonadism, but long-term 
cardiovascular safety in this context remains uncertain. We assessed whether TT initiation without evidence of 
hypogonadism is associated with higher long-term cardiovascular risk than TT initiation with evidence of hypogonadism.

Methods In this global retrospective real-world cohort study, men aged 30–75 years initiating TT were identified 
from secondary, de-identified structured EHR data from 123 healthcare organisations. A prespecified 3-year pre- 
index washout excluded prior TT and major cardiovascular/thromboembolic events. Men initiating TT without 
evidence of hypogonadism were compared with those with evidence of hypogonadism using 1:1 propensity-score 
matching. The primary outcome was major adverse cardiovascular events (MACE); secondary outcomes included 
separately all-cause mortality, myocardial infarction, ischaemic stroke, cardiac arrest, and heart failure. Acute 
appendicitis served as a negative-control outcome.

Findings Among 358,957 TT initiators, 127,152 (35.4%) had no evidence of hypogonadism. After matching, 113,554 
pairs were followed for up to 10 years. TT without evidence of hypogonadism was associated with higher risk of 
MACE (16.53% vs 11.83%; HR 1.51, 1.45–1.56) and all-cause mortality (HR 1.90, 1.79–2.00), with higher risks of 
ischaemic stroke (HR 1.23, 1.14–1.33), cardiac arrest (HR 1.41, 1.23–1.61), and heart failure (HR 1.32, 1.26–1.39). 
Race-stratified estimates were directionally consistent but varied in magnitude.

Interpretation The cardiovascular safety of TT appears context-dependent and less favourable when treatment is 
initiated without evidence of hypogonadism, with clinically relevant heterogeneity across race/ethnicity, 
supporting biologically informed prescribing and cardiovascular risk surveillance.
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Introduction
Testosterone deficiency is common in ageing men and 
often presents with sexual symptoms, fatigue, and 

changes in body composition.1 Beyond these clinical 
features, low circulating testosterone has repeatedly 
been linked to an adverse cardiometabolic profile and 
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higher long-term mortality in observational cohorts, 
leaving an unresolved question of whether testosterone 
is simply a marker of underlying health, or a modifiable 
risk factor for vascular health.2 Testosterone therapy 
(TT) can improve selected symptoms and physiological 
parameters in men with confirmed hypogonadism, and 
current guidelines therefore recommend TT primarily 
for men with consistently low testosterone levels.3,4

However, TT remains one of the most debated 
therapies in contemporary men’s health. On one side, 
physiological replacement could plausibly improve 
metabolic health and thereby reduce future cardiovas
cular risk. On the other, TT may increase risk through 
mechanisms such as erythrocytosis and alterations in 
blood-pressure, particularly in middle-aged and older 
men who carry substantial cardiometabolic comorbidity. 
This biological tension is mirrored by a conflicted liter
ature, with studies reporting neutral, beneficial, or even 
potentially harmful cardiovascular effects depending 
on study design, patient selection, and exposure 
definitions.3–9 Despite the clear “on-label” and guideline- 
concordant framework, real-world TT use has expanded 
markedly over the past two decades, and prescribing 
patterns increasingly extend beyond classical organic 
hypogonadism.5,6 Importantly, much of this growth 
occurred without major new indications, raising concern 
that a meaningful proportion of TT initiations may occur 
when biochemical hypogonadism is absent.7

Randomised evidence has advanced substantially in 
the past few years. The TRAVERSE trial, a large 

cardiovascular outcomes trial in men with hypogonad
ism and elevated baseline cardiovascular risk, reported 
non-inferiority of TT vs placebo for major adverse car
diovascular events (MACE) in a closely monitored trial 
setting.8 In parallel, systematic reviews and meta- 
analyses of randomised trials, including individual- 
patient and aggregate-data approaches, have generally 
not shown an excess of cardiovascular events or all- 
cause mortality with TT in the trial populations stud
ied.9 However, trial contexts are necessarily selective: 
eligibility typically requires evidence of hypogonadism 
and structured monitoring, and trials cannot fully cap
ture common real-world patterns such as treatment 
initiated in the absence of guideline-based indication. 
Importantly, this evidence gap is difficult to address in a 
randomised trial for ethical reasons. Randomising men 
without evidence of biochemical deficiency to long-term 
testosterone exposure would therefore be ethically chal
lenging and unlikely to be broadly implementable at the 
scale and duration required for hard cardiovascular 
outcomes. A population-scale, longitudinal, multi- 
institutional clinical dataset, therefore, provides a prag
matic approach to evaluate long-term cardiovascular 
safety in this real-world prescribing setting.

As a result, a key question remains open for both 
practice and public health: among men who receive TT 
in routine care, does cardiovascular risk differ accord
ing to hypogonadism status?

A major translational gap persists because much of 
the observational literature compares TT users with 

Research in context

Evidence before this study
Previous studies on testosterone therapy and cardiovascular 
risk have reported mixed results. Earlier observational studies 
raised concern about increased risks of cardiovascular events, 
whereas more recent randomised and meta-analytic evidence 
in men with confirmed hypogonadism has generally not 
shown a clear excess risk of major cardiovascular events or 
death under trial conditions. However, much of the existing 
literature has compared men receiving testosterone therapy 
with men not receiving it, rather than comparing different 
groups of testosterone users according to hypogonadism 
status. In addition, prior work has focused either on selected 
trial populations, short-term thromboembolic risk, or men 
with confirmed hypogonadism, leaving uncertainty about 
long-term cardiovascular safety when testosterone therapy is 
initiated without evidence of hypogonadism.

Added value of this study
This study directly compared new users of testosterone 
therapy with and without evidence of hypogonadism. By 
using a new-user design, a 3-year washout period, incident 
outcome analyses, propensity-score matching, sensitivity 
analyses, and a negative-control outcome, we sought to 

reduce bias and strengthen causal inference. We found that 
about one in three men initiating testosterone therapy had 
no evidence of hypogonadism. Compared with matched men 
treated in the setting of hypogonadism, these men had 
higher long-term risks of major cardiovascular events, death, 
ischaemic stroke, cardiac arrest, and heart failure. We also 
observed clinically relevant variation in effect size across 
racial and ethnic groups.

Implications of all the available evidence
Taken together, the available evidence suggests that the 
cardiovascular safety of testosterone therapy may depend on 
the clinical and biological context in which treatment is 
initiated. Trial evidence is most reassuring for carefully 
selected men with confirmed hypogonadism under 
structured monitoring, whereas our findings suggest that 
outcomes may be less favourable when therapy is initiated 
without evidence of hypogonadism in routine practice. These 
results support careful diagnostic evaluation before 
treatment, close cardiovascular risk assessment during 
follow-up, and further research into mechanisms that may 
explain differential risk across patient groups.
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non-users without reliably separating men with hypo
gonadism from those treated without clear biochemical 
evidence.10,11 As a result, it remains unclear whether 
testosterone-associated cardiovascular safety reflects the 
drug itself, the biological context in which it is pre
scribed, or both. Moreover, long-term follow-up and the 
role of ethnicity as a potential modifier of TT-associated 
cardiovascular risk remain insufficiently explored in 
large, treated cohorts. Using a large global, multi- 
institutional cohort of new testosterone users, we 
compared men treated with vs without evidence of 
hypogonadism and assessed long-term incident major 
adverse cardiovascular events, mortality, and related 
endpoints over up to 10 years. We further examined 
heterogeneity across race/ethnicity and baseline hae
matocrit to explore clinically relevant modifiers of risk.

Methods
Study design and data source
We conducted a global retrospective cohort study using 
routinely collected, de-identified structured EHR data 
from the TriNetX Global Collaborative Network, a 
federated real-world data platform operated by TriNetX, 
LLC. The underlying clinical data are contributed by 
participating healthcare organisations and include 
structured diagnoses, procedures, medication records, 
laboratory values, and encounter information. The 
main analysis included 123 health care organisations 
(HCOs) from across North America, South America, 
Europe, Middle East, Africa and Asia–Pacific. Depend
ing on the network, these may include academic med
ical centres, non-academic hospital systems, affiliated 
outpatient clinics, speciality practices, and integrated 
delivery networks. Analyses followed an established 
workflow for large-scale federated electronic health- 
record research on this platform and comprised: 
(i) cohort identification and index assignment; (ii) pre- 
index exclusions to minimise reverse causation and 
incident–prevalent mixing; (iii) covariate ascertainment 
and propensity-score estimation; (iv) 1:1 propensity- 
score matching (PSM) with balance assessment; (v) 
prespecified subgroup and sensitivity analyses; and (vi) 
multivariable Cox proportional-hazards models in the 
full cohort. These complementary analytic frameworks 
were used as part of a methodological triangulation 
strategy to test robustness across different modelling 
assumptions. The investigators had no role in treat
ment initiation, clinical decision-making, or primary 
data capture. The overall design and cohort definitions 
are summarised in Fig. 1.

Ethics statement
The study used secondary, routinely collected struc
tured EHR data from the TriNetX Global Collaborative 
Network. Analyses were executed within the secure 
TriNetX analytics environment using de-identified 

patient-level longitudinal records, including diagnoses, 
procedures, medication records, laboratory values, and 
follow-up information. In accordance with privacy- 
preserving data governance, exported results were 
restricted to aggregate, de-identified analytical outputs. 
TriNetX provides de-identified data under the HIPAA 
Privacy Rule; analyses are performed on aggregated 
outputs within the platform.12 Consequently, this study 
did not require approval from an institutional review 
board.

Study population and definition of eligible 
patients
Eligible patients were male and aged 30–75 years at the 
index date, with cohort entry restricted to index events 
occurring on or after 01 January 2006. The index event 
was defined as the first qualifying TT record meeting 
cohort-specific criteria. Detailed cohort identification, 
eligibility criteria, and index assignment are provided in 
Supplementary Table S1. We restricted the analytic 
population to men aged 30–75 years to focus on routine 
adult testosterone therapy prescribing and to reduce 
inclusion of younger patients in whom testosterone is 
more often used in distinct clinical contexts (e.g., pu
bertal induction), where indications, treatment goals, 
and risk profiles differ. To align the primary analysis 
with the age range predominantly studied in major 
randomised testosterone trials–conducted largely in 
middle-aged and older men–we prespecified an adult 
cohort aged 30–75 years.1–4,9–11

Exposure definition: TT exposure was defined by the 
presence of testosterone medication. To reduce expo
sure misclassification, patients were excluded if they 
had oestrogens or combined androgen/female sex- 
hormone products recorded at cohort definition. TT 
without evidence of hypogonadism cohort was defined 
by TT exposure criteria without evidence of hypo
gonadism or closely related sexual-symptom coding 
at cohort definition, operationalised as exclusion of 
testicular hypofunction, decreased libido, sexual 
dysfunction not due to a substance or known physio
logical condition, male erectile dysfunction, and 
biochemical hypogonadism defined by total testos
terone ≤300 ng/dL or free testosterone ≤60 pg/mL in 
the available structured EHR data. Operational defini
tions used to classify TT users by documentation of 
hypogonadism are summarised in Supplementary 
Table S2. TT with hypogonadism cohort: Patients met 
TT exposure criteria and had hypogonadism defined 
by ≥1 of testicular hypofunction, total testosterone 
≤300 ng/dL, or free testosterone ≤60 pg/mL.

Pre-index exclusions: To approximate a new-user, 
active-comparator design, individuals with testosterone 
therapy documentation during the 3-year pre-index 
washout period were excluded. The same prespecified 
washout window was used to reduce reverse causation 
by excluding patients with major cardiovascular or 
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thromboembolic outcomes before treatment initiation, 
including myocardial infarction, ischaemic stroke, heart 
failure, atrial fibrillation/flutter, pulmonary embolism, 
and lower-extremity deep venous thrombosis. Consistent 
with the incident-outcome approach used for the car
diovascular endpoints, individuals with documented 
appendicitis during the pre-index washout period were 
excluded from the risk set for the negative-control 

analysis. The full set of prespecified washout criteria and 
baseline exclusions is provided in Supplementary 
Table S3.

Participants were identified from routinely collected 
clinical data and were not recruited specifically for this 
study. Both groups were testosterone therapy initiators; 
thus, the comparison was not between treated and 
untreated men, nor between patients and healthy 

Fig. 1: Study design. Schematic overview of the retrospective new-user, active-comparator cohort design using secondary, de-identified 
structured electronic health-record data from the TriNetX Global Collaborative Network. Outcomes were ascertained from day 1 after in
dex until first occurrence of the outcome, last documented clinical activity, or 3650 days after index, whichever occurred first. The primary 
analysis used 1:1 propensity-score matching, with prespecified sensitivity and subgroup analyses as shown. Abbreviations: PSM, propensity- 
score matching; TT, testosterone therapy.
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individuals, but between testosterone therapy initiation 
with vs without evidence of hypogonadism based on 
available structured EHR data before treatment 
initiation.

Exposure classification, extended baseline character
istics, and key pre-treatment measurement availability 
are provided in Supplementary Tables S10, S23, and S24.

Covariates
To mitigate potential confounding, PSM was per
formed based on clinically relevant variables after an 
extensive literature review, including demographics and 
key comorbidities. We performed 1:1 greedy nearest- 
neighbour matching with a calliper of 0.1 SD of the 
logit PSM. The covariates incorporated into the 
regression model, as well as the baseline characteristics 
before and after matching, are detailed in Table 1.

Outcomes
Outcomes were ascertained from day 1 after the index 
date and continued until the first occurrence of the 
outcome of interest, the last documented clinical ac
tivity within the data source, or 3650 days after index, 
whichever occurred first. Thus, 10 years represented the 
maximum follow-up duration. Patients were right- 
censored at the last documented clinical activity or 
end of available follow-up. In the matched main cohort, 
median observed follow-up was 697 days in men initi
ating TT without evidence of hypogonadism and 1448 
days in men initiating TT with evidence of hypo
gonadism. To evaluate whether differences in observed 
follow-up duration influenced the findings, we 

performed an additional sensitivity analysis restricting 
follow-up to a fixed 2-year window after the index date, 
using the same matched cohort framework and 
censoring rules as the main analysis. In the 2-year 
restricted follow-up sensitivity analysis, median follow- 
up was more comparable between groups: 695 days in 
men initiating TT without evidence of hypogonadism 
and 730 days in men initiating TT with evidence of 
hypogonadism. The primary outcome was major adverse 
cardiovascular events (MACE), defined as the composite 
of myocardial infarction (ICD-10-CM:I21-I23), ischaemic 
stroke (I63), cardiac arrest (I46), or all-cause death. Pre
specified secondary endpoints included: (i) myocardial 
infarction (I21-I23), (ii) ischaemic stroke (I63), (iii) heart 
failure overall (I50), (iv) pulmonary embolism (I26), and 
(v) all-cause mortality. All-cause mortality was defined as 
recorded deceased status in structured EHR/de
mographic data or the ICD-10-CM code R99 for ill- 
defined and unknown cause of mortality. Acute appen
dicitis was prespecified exclusively as a negative-control 
endpoint. It was chosen because it is an acute clinical 
event without a plausible biological relationship to 
testosterone therapy or cardiovascular risk. For survival 
analyses, we focused on incident outcome risk by 
excluding patients with the respective outcome recorded 
prior to the start of the time-at-risk window 
(Supplementary Tables S2 and S3).

Statistical analysis
We performed 1:1 propensity-score matching (PSM) 
using the TriNetX platform, matching on all pre
specified characteristics. Covariate balance was 

Characteristic Before PSM After PSM

TT without documented 
hypogonadism 
N = 127,152

TT with documented 
hypogonadism 
N = 231,805

SMD TT without documented 
hypogonadism 
N = 113,554

TT with documented 
hypogonadism 
N = 113,554

SMD

Age at index, years, (mean ± SD) 51.0 ± 11.4 50.5 ± 11.1 0.045 50.2 ± 11.4 50.1 ± 11.2 0.014
White, n (%) 94,682 (74.5%) 185,418 (80.0%) 0.132 89,555 (78.9%) 89,033 (78.4%) 0.011
Hispanic or Latino, n (%) 6077 (4.8%) 12,764 (5.5%) 0.033 5614 (4.9%) 5761 (5.1%) 0.006
Black or African American, n (%) 6943 (5.5%) 17,472 (7.5%) 0.084 6911 (6.1%) 6776 (6.0%) 0.005
Asian, n (%) 1834 (1.4%) 4310 (1.9%) 0.033 1828 (1.6%) 1772 (1.6%) 0.004
Chronic kidney disease, n (%) 1992 (1.6%) 9747 (4.2%) 0.158 1970 (1.7%) 2014 (1.8%) 0.003
Socioeconomic/psychosocial hazards, n (%) 641 (0.5%) 4123 (1.8%) 0.120 638 (0.6%) 617 (0.5%) 0.002
Family history of ischaemic heart disease, n (%) 1463 (1.2%) 8419 (3.6%) 0.163 1457 (1.3%) 1412 (1.2%) 0.004
Overweight and obesity, n (%) 8258 (6.5%) 53,752 (23.2%) 0.483 8258 (7.3%) 8387 (7.4%) 0.004
Essential hypertension, n (%) 17,855 (14.0%) 90,531 (39.1%) 0.591 17,855 (15.7%) 17,842 (15.7%) <0.001
Affective disorders, n (%) 8474 (6.7%) 44,840 (19.3%) 0.384 8469 (7.5%) 8601 (7.6%) 0.004
Nicotine dependence n (%) 5346 (4.2%) 23,284 (10.0%) 0.229 5316 (4.7%) 5401 (4.8%) 0.004
Family history of diabetes mellitus, n (%) 569 (0.4%) 4211 (1.8%) 0.130 568 (0.5%) 554 (0.5%) 0.002
Neoplasms, n (%) 12,628 (9.9%) 56,962 (24.6%) 0.395 12,627 (11.1%) 12,707 (11.2%) 0.002

Baseline characteristics are shown before and after 1:1 propensity-score matching comparing TT with documented hypogonadism vs TT without documented hypogonadism. Matching used greedy 
nearest-neighbour matching on the propensity score with a calliper of 0.1 SD of the logit. Covariate balance was assessed using standardised mean differences (SMD), with absolute SMD values closer to 
0 indicating better balance. p values are descriptive (two-sided) and may be statistically significant even with minimal imbalance due to large sample size; SMD is emphasised for balance assessment. 
Abbreviations: PSM, propensity-score matching; SMD, standardised mean difference; SD, standard deviation; TT, testosterone therapy; CKD, chronic kidney disease.

Table 1: Baseline characteristics before and after propensity-score matching.
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assessed using standardised mean differences (SMD), 
with summary tables generated before and after 
matching. Time-to-event outcomes were evaluated us
ing Kaplan–Meier methods with log-rank tests and 
hazard ratios (HRs) with 95% confidence intervals (CIs) 
estimated using Cox proportional-hazards models in 
the matched cohorts. The main estimates were derived 
from the propensity-score-matched analysis, with 
adjusted Cox models used as complementary analyses. 
To quantify adjusted associations in the full cohort, as 
part of a prespecified complementary analytic 
approached alongside PSM, we additionally fitted 
multivariable Cox proportional-hazards models for 
time-to-event outcomes adjusted for the same pre
specified covariates used for PSM (Supplementary 
Table S9). To reduce protopathic bias and diagnostic 
intensity immediately after treatment initiation, we 
performed a sensitivity analysis with a 90-day washout, 
starting follow-up on day 90 post–index and otherwise 
retaining identical outcome definitions, censoring rules, 
and modelling strategy (Supplementary Table S4). To 
address potential misclassification from incomplete 
testosterone measurement data and confounding by 
indication, we performed a laboratory-anchored sensi
tivity analysis restricted to patients with documented 
testosterone measurements. The group without evidence 
of hypogonadism was limited to men with testosterone 
concentrations above prespecified biochemical thresh
olds and no hypogonadism diagnosis, sexual-symptom 
proxy diagnosis, or prior low testosterone measurement 
before treatment initiation. The comparator group was 
limited to men with at least two biochemically docu
mented low testosterone measurements, independent of 
diagnostic coding. Cox regression models were adjusted 
using the same covariate framework as the main analysis 
(Supplementary Table S11).

Prespecified subgroup analyses were performed by 
race/ethnicity (White, Black or African American, 
Asian, and Hispanic or Latino) and by age, with an 
additional sensitivity analysis excluding patients with 
diabetes mellitus at baseline (Supplementary Tables 
S6–S8). For all stratum-specific analyses, we re- 
estimated propensity scores and repeated 1:1 
propensity-score matching and subsequent time-to- 
event analyses within each stratum where sample size 
and event counts allowed stable estimation. Balance 
diagnostics for these stratum-specific propensity-score 
matches are provided in Supplementary 
Tables S12–S18. As an exploratory sensitivity analysis, 
we repeated adjusted Cox models for the primary 
outcome within region-restricted cohorts from the 
United States, Latin America, and Asia–Pacific to assess 
whether the main findings were directionally consistent 
across major geographic settings.

Given the propensity of exogenous testosterone to 
increase haematocrit and the clinical concern that 
higher haematocrit may amplify thrombotic and 

vascular risk, we also performed a baseline haematocrit 
(Hct) sensitivity analysis restricted to men receiving 
testosterone therapy without evidence of hypogonad
ism. Patients were stratified by baseline Hct (41–50% vs 
>50%) and compared using 1:1 propensity-score 
matching. Index definition, outcome ascertainment, 
follow-up, and censoring rules were identical to the 
primary analysis. Balance diagnostics for these stratum- 
specific propensity-score matches are provided in 
Supplementary Table S19.

No multiple imputation was performed. The pri
mary analysis did not use complete-case exclusion. The 
primary endpoint (MACE) was tested two-sided at 
α = 0.05. Secondary endpoints were assessed with 
Bonferroni correction across the prespecified endpoint 
family (myocardial infarction, ischaemic stroke, heart 
failure, pulmonary embolism, and all-cause mortality), 
corresponding to α_adj = 0.01 (0.05/5). Accordingly, 
statistical significance was defined as p < 0.05 for the 
primary endpoint and p < 0.01 for secondary endpoints 
(two-sided).

Role of funders
The funders had no role in study design, data collec
tion, data analysis, data interpretation, writing of the 
report, or the decision to submit the manuscript for 
publication. The corresponding author had final re
sponsibility for the decision to submit for publication.

Results
Testosterone therapy use patterns and long-term 
cardiovascular outcomes
Before propensity-score matching, a total of 358,957 
men aged 30–75 years receiving TT were identified, 
including approximately one third (n = 127,152) 
receiving TT without evidence of hypogonadism and 
231,805 receiving TT with hypogonadism. Men with 
hypogonadism carried a markedly higher car
diometabolic comorbidity burden at baseline, including 
obesity (23.2% vs 6.5%, p < 0.001), hypertension (39.1% 
vs 14.0%, p < 0.001), chronic kidney disease (4.2% vs 
1.6, p < 0.001) and nicotine dependence (10% vs 4.2%, 
p < 0.001). After 1:1 propensity-score matching, 113,554 
well-balanced pairs remained, with substantially 
improved covariate balance vs the pre-match cohorts 
(Table 1).

In the matched population, TT without evidence of 
hypogonadism was associated with higher long-term 
cardiovascular risk across most prespecified endpoints 
(Figs. 2 and 3). The 10-year absolute risk of MACE was 
16.53% compared with 11.83% in men with hypo
gonadism, corresponding to an HR of 1.508 (95% CI 
1.455–1.564; Log-rank p < 0.001). This association per
sisted in the prespecified 90-day sensitivity analysis (HR 
1.361, 95% CI 1.313–1.411; Log-rank p < 0.001). All- 
cause mortality showed a similarly pronounced 
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Fig. 2: Long-term cardiovascular outcomes with testosterone therapy in men with vs without evidence hypogonadism. Forest plot 
showing hazard ratios (HRs) with 95% confidence intervals (CIs) for prespecified outcomes. The primary comparison contrasts TT without 
evidence of documented hypogonadism (off-label pattern in routine care) vs TT with hypogonadism. The overall main analysis was per
formed in 1:1 propensity-score–matched cohorts (age 30–75 years) with follow-up up to 10 years. A prespecified 90-day sensitivity analysis 
excluded early events by starting time-at-risk on day 90 after the index date. Race/ethnicity-stratified analyses repeated matching within each 
stratum (White, Black or African American, Asian, Hispanic or Latino). Log-rank p-values derive from Kaplan–Meier comparisons. The vertical 
reference line indicates HR = 1.0 (no association). Arrows indicate CIs extending beyond the plotted range. Em dashes denote estimates not 
shown because event counts were insufficient for stable estimation as prespecified. Abbreviations: CI, confidence interval; HR, hazard ratio; 
MACE, major adverse cardiovascular events; TT, testosterone therapy.
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Fig. 3: Cumulative incidence of major cardiovascular outcomes after testosterone therapy in men with vs without hypogonadism. 
Kaplan–Meier curves show cumulative incidence (%) from the index date to 10 years in 1:1 propensity-score–matched men receiving 
testosterone therapy with documented hypogonadism vs testosterone therapy without documented hypogonadism. Panels display: (A) 
major adverse cardiovascular events (MACE), (B) all-cause mortality, (C) myocardial infarction, (D) cardiac arrest, and (E) ischaemic stroke. 
Shaded bands indicate 95% confidence intervals. Hazard ratios (HRs) with 95% CIs are from Cox proportional-hazards models in the matched 
cohorts; log-rank p values are shown for between-group comparisons. MACE was defined as a composite of all-cause death, cardiac arrest, 
myocardial infarction, or ischaemic stroke. Abbreviations: CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular 
events; TT, testosterone therapy.
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elevation (10.71% vs 5.99%; HR 1.895, 95% CI 
1.795–2.000; Log-rank p < 0.001), again with confir
mation in the sensitivity analysis (HR 1.739, 95% CI 
1.655–1.828; Log-rank p < 0.001). Ischaemic stroke 
demonstrated a 10-year increase (3.84% vs 3.29%; HR 
1.232, 95% CI 1.144–1.327; Log-rank p < 0.001), and 
this persisted in sensitivity analysis (HR 1.146, 95% CI 
1.064–1.235; Log-rank p < 0.001). Myocardial infarction 
showed a marginal but statistically significant increase 
at 10 years (4.32% vs 4.16%; HR 1.095, 95% CI 
1.024–1.171; Log-rank p = 0.008), although no associa
tion was observed in the 90-day sensitivity analysis (HR 
0.996, 95% CI 0.931–1.066; Log-rank p = 0.910). Cardiac 
arrest risk was also elevated (1.23% vs 0.95%; HR 1.408, 
95% CI 1.230–1.612; Log-rank p < 0.001) with consis
tent findings in sensitivity analysis (HR 1.271, 95% CI 
1.106–1.461; p < 0.001).

Heart-failure outcome was consistently higher in 
men receiving TT without evidence of hypogonadism 
and occurred in 8.60% vs 7.23% (HR 1.321, 95% CI 
1.259–1.386; Log-rank p < 0.001) with persistence in the 
sensitivity analysis (HR 1.168, 95% CI 1.114–1.224; 
Log-rank p < 0.001). Pulmonary embolism showed a 
statistically significant 10-year increase (2.50% vs 
2.43%; HR 1.146, 95% CI 1.052–1.248; Log-rank 
p = 0.002), although no association was observed in 
the sensitivity analysis (HR 0.968, 95% CI 0.889–1.054; 
p = 0.457). The prespecified negative-control endpoint, 
acute appendicitis, showed no association at 10 years 
(HR 0.877, 95% CI 0.744–1.035; Log-rank p = 0.119) and 
remained null in sensitivity analyses (HR 0.884, 95% CI 
0.746–1.048; Log-rank p = 0.156), supporting specificity 
of the cardiovascular findings. In the 2-year restricted 
follow-up sensitivity analysis, the associations remained 
significant and was numerically stronger than in the 
main analysis (Supplementary Table S5). Overall, these 
results were directionally concordant with fully adjusted 
Cox proportional-hazards models in the full cohorts 
(Supplementary Table S9).

In the laboratory-anchored sensitivity analysis, 
testosterone therapy initiation without evidence of 
hypogonadism, remained associated with higher MACE 
risk compared with men with at least two documented 
low testosterone measurements before treatment (HR 
1.52, 95% CI 1.35–1.71; Log-rank p < 0.0001). Associa
tions were directionally consistent for secondary out
comes, with statistical significance for myocardial 
infarction, all-cause mortality, heart failure, and 
ischaemic stroke (Supplementary Table S11). In the 
sensitivity analysis excluding men with diabetes melli
tus, the excess risk associated with TT without evidence 
of hypogonadism persisted, including MACE (HR 
1.765, 95% CI 1.686–1.847; p < 0.001), myocardial 
infarction (HR 1.594, 95% CI 1.459–1.740; Log-rank 
p < 0.001), ischaemic stroke (HR 1.607, 95% CI 
1.464–1.765; p < 0.001), and all-cause mortality (HR 
1.953, 95% CI 1.840–2.073; Log-rank p < 0.001) 

(Supplementary Table S20). In a separate analysis 
restricted to men receiving testosterone therapy without 
evidence of hypogonadism, baseline haematocrit >50% 
(vs 41–50%) was associated with a modestly higher risk 
of MACE (HR 1.120, 1.002–1.251; Log-rank p = 0.046) 
and myocardial infarction (HR 1.267, 1.046–1.536; Log- 
rank p = 0.015) (Supplementary Table S21).

Race/ethnicity subgroup analyses reveal marked 
variation in cardiovascular risk
Before propensity-score matching, off-label TT use 
was likewise frequent across race/ethnicity strata, 
comprising 94,682 of 280,100 White men (33.8%), 6943 
of 24,415 Black/African American men (28.4%), 1834 of 
6144 Asian men (29.9%), and 6077 of 18,841 Hispanic/ 
Latino men (32.3%) receiving TT without evidence of 
hypogonadism. After 1:1 propensity-score matching 
within each race/ethnicity stratum, well-balanced pairs 
were retained with excellent covariate balance relative to 
the pre-match cohorts (all absolute SMDs <0.05). Race/ 
ethnicity subgroup analyses demonstrated marked 
heterogeneity in the magnitude of cardiovascular asso
ciations, although the directional pattern remained 
largely consistent (Figs. 2 and 3). The strongest MACE 
and mortality associations were observed in Asian men 
(MACE HR 2.391; mortality HR 2.978), followed by 
White (MACE HR 1.494; mortality HR 1.883), His
panic/Latino (MACE HR 1.488; mortality HR 1.815), 
and Black/African American men MACE HR 1.307; 
mortality HR 1.505, all Log-rank p < 0.0001). Hetero
geneity was most pronounced for myocardial infarction: 
the association was borderline in White men (HR 
1.078, Log-rank p = 0.0497), absent in Black/African 
American (HR 0.957, Log-rank p = 0.7227) and His
panic/Latino men (HR 0.88, Log-rank p = 0.456), yet 
markedly increased in Asian men (HR 2.377, Log-rank 
p = 0.0016). Ischaemic stroke was significantly 
increased in White men (HR 1.256, Log-rank 
p < 0.0001) but did not reach significance in other 
groups, although an increased trend in Asian (HR 
1.881, Log-rank p = 0.0535) and Hispanic/Latino men 
(HR 1.384, Log-rank p = 0.0553) is observed. Heart- 
failure outcomes were elevated in most racial and 
ethnic groups, particularly in Black (HR 1.477, Log-rank 
p < 0.0001), White (HR 1.289, Log-rank p < 0.0001) and 
Asian men (HR 2.106, Log-rank p = 0.0015). The 
negative-control endpoint was null across all racial/ 
ethnic subgroups, reinforcing the specificity of cardio
vascular risk associations (Supplementary Table S7). In 
exploratory heterogeneity testing across race-specific 
matched estimates, evidence of heterogeneity was 
observed for MACE, myocardial infarction, all-cause 
mortality, and heart failure, whereas no statistically 
significant heterogeneity was observed for ischaemic 
stroke (Supplementary Table S22). Because several 
Asian subgroup analyses were based on limited event 
numbers, these findings should be interpreted as 
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exploratory. In exploratory region-restricted sensitivity 
analyses, the association between testosterone therapy 
initiation without evidence of hypogonadism and 
MACE remained directionally consistent across the 
United States (HR 1.37, 95% CI 1.32–1.43; Log-rank 
p < 0.0001), Latin America (HR 1.87, 95% CI 
1.22–2.86; Log-rank p = 0.0041), and Asia–Pacific co
horts (HR 3.57, 95% CI 2.88–4.43; Log-rank p < 0.0001). 
This pattern was directionally aligned with the race/ 
ethnicity-stratified analysis in the Global Network.

Discussion
In this large real-world cohort of more than 350,000 
men treated with testosterone, we found three over
arching signals. First, seemingly off-label TT use 
without diagnosis of hypogonadism was remarkably 
frequent, accounting for roughly one third of all TT 
prescriptions. Second, compared with men treated in 
the setting of hypogonadism, those treated without 
such evidence had consistently higher long-term risks 
of major adverse cardiovascular and cerebrovascular 
events, heart failure, cardiac arrest, ischaemic stroke, 
and all-cause mortality. Third, race/ethnicity-stratified 
analyses revealed substantial risk differences. These 
findings are translationally relevant because they sug
gest that testosterone-associated cardiovascular risk 
may not be uniform across treated populations, but 
instead may depend on the biologic and diagnostic 
context in which therapy is initiated. This interpretation 
is supported by the observed persistence of stroke, 
cardiac arrest, and heart-failure signals, together with 
the higher risk seen among men with elevated baseline 
haematocrit. Taken together, these data raise the pos
sibility that mechanisms such as erythrocytosis-related 
hyperviscosity, haemodynamic effects, or context- 
specific susceptibility may contribute to differential 
cardiovascular safety.3,4

Much of the public and regulatory debate over the 
past decade has centred on whether TT increases car
diovascular risk overall.10,13,14 Early observational studies 
suggested higher rates cardiovascular risk among TT 
users, whereas later cohorts and meta-analyses have 
reported neutral or even lower cardiovascular risk in 
appropriately selected hypogonadal men.8,9,11,15,16 For 
instance, in a recent trial in Kleinfelter’s syndrome, TT 
was associated with lower all-cause mortality (adjusted 
hazard ratio (95% CI); 0.56 (0.37–0.85), whilst Inci
dence of MACE was comparable between TT and non- 
TT cohort.17 These inconsistencies have fuelled 
considerable controversy and were one of the reasons 
why the U.S. Food and Drug Administration (FDA) 
issued safety communications in the mid-2010s, 
warning about possible cardiovascular harm and clari
fying that TT was not approved for age-related testos
terone decline alone.18–20 Our results extend and nuance 
the existing evidence base in several ways. Current 

guidelines restrict testosterone therapy to men with bio
chemically confirmed hypogonadism and explicitly 
discourage its use in eugonadal men.3,4,21 However, 
real-world prescribing frequently occurs without 
guideline-concordant diagnostic testing, and a substantial 
proportion of treated men have pre-treatment testosterone 
values within the reference range.19,20 Importantly, pivotal 
cardiovascular safety evidence primarily pertains to men 
with confirmed hypogonadism, leaving the safety profile 
of off-label use insufficiently characterised.8,9,16 In our 
study, roughly one in three men receiving TT had no 
recorded diagnosis of hypogonadism, underscoring sub
stantial off-label use at scale. This aligns with prior reports 
showing that TT prescribing has increasingly expanded 
beyond classical organic hypogonadism.5,8,9,16,19,20,22 Notably, 
much of this rise occurred without the introduction of 
major new approved indications, fuelling concerns that a 
sizeable share of TT is initiated in men without clear 
biochemical hypogonadism.5,22

By directly comparing on-label TT (evidence of 
hypogonadism) vs off-label TT (no evidence of hypo
gonadism) in a large propensity-matched cohort, our 
study addresses this clinically and guideline-relevant 
evidence gap. In matched analyses, TT without evi
dence of hypogonadism was associated with higher 
long-term hazards for MACE, mortality, stroke, cardiac 
arrest, and heart-failure outcomes, with confirmation 
for several endpoints in a prespecified sensitivity anal
ysis, subgroups and directional concordance in fully 
adjusted Cox models.

The pattern across endpoints is also informative. In 
our main analysis, myocardial infarction showed a 
modest 10-year excess risk but became neutral in the 
sensitivity analysis, whereas stroke, cardiac arrest, and 
heart-failure signals persisted. This may suggest that 
early risk dynamics and outcome ascertainment differ 
by endpoint, and that embolic/arrhythmic or haemo
dynamic pathways (e.g., blood pressure elevation, 
erythrocytosis-related viscosity, or fluid retention) could 
be more relevant than atherosclerotic plaque-driven 
myocardial infarction in certain settings.3,9,23 The null 
negative-controls endpoint across analyses further 
support that the observed associations are not simply 
reflecting generalised outcome inflation. Subgroup an
alyses by age and race/ethnicity provide additional 
granularity but need careful interpretation. In age- 
stratified sensitivity analyses, the relative excess risk 
for MACE was relatively similar in younger and older 
men, yet the pattern across endpoints differed. Younger 
men showed proportionally stronger associations for 
ischaemic stroke and cardiac arrest, whereas the excess 
risk of all-cause mortality was more pronounced in 
older men. Clinically, this argues against a simplistic 
paradigm in which TT is considered “safe” in younger 
men and “risky” only in older, frailer patients. At the 
same time, testosterone therapy initiation without 
documented evidence of hypogonadism should not be 
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interpreted as confirmed eugonadism. This distinction 
is clinically important because non-medical or 
performance-related androgen use may involve supra
physiological dosing, cycling, formulation switching, 
and intermittent use, patterns that differ substantially 
from monitored physiological replacement therapy. 
Prior studies have linked supraphysiological anabolic- 
androgenic steroid exposure to adverse cardiovascular 
phenotypes, including dyslipidaemia, blood pressure 
elevation, erythrocytosis, myocardial dysfunction, and 
accelerated coronary atherosclerosis. Therefore, if high- 
dose or performance-related testosterone use was more 
common among men initiating therapy without docu
mented evidence of hypogonadism, this may represent 
one plausible explanation for the observed excess risk.24

Race/ethnicity stratification revealed even more 
pronounced differences. While MACE and overall 
mortality were consistently increased across all strata, 
the magnitude of risk was highest in Asian men, fol
lowed by White and Hispanic/Latino men, with some
what smaller relative elevations in Black/African 
American men. The marked hazard ratios for MACE, 
mortality, and myocardial infarction in Asian men 
should be interpreted cautiously because sample sizes 
were smaller and confidence intervals wider than in 
White cohorts. Nevertheless, they raise the possibility 
that underlying ethnic differences in cardiovascular risk 
profiles, body composition, pharmacokinetics, or sus
ceptibility to androgen-related changes in haemostasis 
and blood pressure could modulate the impact of 
TT.25–27 Data on TT safety in Asian populations remain 
sparse, and existing studies are generally underpowered 
to robustly address cardiovascular endpoints. Further 
work in more diverse, non-Western cohorts is therefore 
needed to confirm or refute our subgroup observations 
and to explore potential mechanisms.

Important limitations should be acknowledged. As 
with all observational analyses, residual and unmea
sured confounding cannot be excluded. Confounding 
by indication remains a central concern. Although we 
used an active-comparator, new-user design among TT 
initiators, propensity-score matching, complementary 
adjusted Cox models, and laboratory-anchored sensi
tivity analyses, these approaches can only reduce, not 
eliminate, confounding related to the clinical context of 
TT initiation. Men initiating TT without documented 
hypogonadism data may have differed from those with 
evidence of hypogonadism in unmeasured ways, 
including symptom burden, prescribing setting, clini
cian decision-making, patient preference, lifestyle fac
tors, non-medical or performance-related use, and 
monitoring intensity. Accordingly, the findings should 
be interpreted as associations according to available 
hypogonadism evidence and documented prescribing 
context, not as causal estimates of TT itself.

Testosterone prescribing was not standardised and 
may have varied across countries, healthcare systems, 

primary and specialist care, and private settings. 
Although exploratory region-restricted analyses showed 
directionally consistent findings, regional differences in 
diagnostic work-up, prescription capture, laboratory 
availability, and documentation may still have contrib
uted to exposure misclassification and residual 
confounding.

Treatment duration, adherence, discontinuation, 
formulation-specific route, formulation switching, 
dose, and cumulative exposure could not be reliably 
reconstructed in the available structured EHR data. 
Therefore, the analysis should be interpreted as an 
index-exposure, intention-to-treat–like comparison 
rather than as a strictly on-treatment, formulation-spe
cific, or dose–response analysis. Intermittent use, early 
discontinuation, or treatment interruptions in either 
group may have influenced the observed associations, 
but could not be assessed reliably. Documentation of 
hypogonadism in routine clinical practice may be 
incomplete, and ascertainment of hypogonadism status 
in structured EHR data is inherently imperfect. In 
contrast, the available structured EHR data did not 
uniformly capture timing of blood sampling, fasting 
status, assay characteristics, repeated confirmatory 
measurements, symptom severity, or clinical reasoning. 
Therefore, some men classified as receiving TT with 
evidence of hypogonadism may have been identified on 
the basis of a single low testosterone value or diagnostic 
coding alone, whereas some men classified as receiving 
TT without evidence of hypogonadism based on avail
able data may have had true biochemical deficiency or 
symptoms that were not captured. Accordingly, absence 
of hypogonadism evidence in the available structured 
EHR data should be interpreted as a proxy for poten
tially non–guideline-concordant TT prescribing, rather 
than as a definitive measure of off-label use. Because 
cohort assignment relied on available structured clinical 
data, the absence of documented hypogonadism, 
testosterone measurements, hypogonadal symptoms, 
or prior cardiovascular events should not be equated 
with their definitive clinical absence. Consequently, 
some men classified as receiving TT “without evidence 
of hypogonadism” may have had true biochemical 
deficiency that was not captured in the available data. 
To reduce potential misclassification, we added a 
laboratory-anchored sensitivity analysis restricted to 
patients with documented testosterone measurements; 
in this analysis, the primary association remained 
directionally consistent and statistically significant.

Despite these limitations, this study provides a large- 
scale, head-to-head comparison of men receiving 
testosterone therapy with vs without evidence of hypo
gonadism, with up to 10 years of follow-up, race/ 
ethnicity stratification, rigorous propensity-score 
matching, and complementary modelling approaches. 
Importantly, this question is unlikely to be resolved by 
conventional randomised designs in the near term: a 
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long-term trial that intentionally enrols and randomises 
men without evidence of biochemical deficiency to 
testosterone exposure would face substantial ethical 
constraints, as guideline-based care requires confirma
tion of hypogonadism before treatment initiation. The 
central message is clear—approximately one third of 
men receiving testosterone therapy lacked evidence of 
hypogonadism, and this prescribing pattern was asso
ciated with a clinically meaningful excess risk of major 
adverse cardiovascular and cerebrovascular events over 
long-term follow-up. Together with randomised evi
dence in selected trial populations, our findings 
emphasise that cardiovascular safety may depend on 
prescribing context, reinforcing the importance of 
guideline-based diagnostic work-up before treatment 
initiation.

Contributors
HK and RJL take responsibility for the integrity of the work, including 
the study concept, cohort and variable definitions, analytical strategy, 
interpretation of the results, and accuracy of the reported analyses. 
Study concept and design: HK and RJL. Analysis, or interpretation of 
data: HK, PC, HO, KK, RF, DML, UA, and RJL. Draughting of the 
manuscript: HK. Critical revision of the manuscript for important in
tellectual content: HK, PC, HO, KK, RF, DML, UA and RJL. Statistical 
analysis: HK. Administrative, technical, or material support: HK and 
PC. Supervision: PC and RJL. All authors read and approved the final 
version of the manuscript and had final responsibility for the decision 
to submit for publication.

Data sharing statement
The data supporting this study are derived from the TriNetX Global 
Collaborative Network. In accordance with TriNetX data-sharing pol
icies and privacy safeguards, individual-level patient data were not 
accessible to the authors and cannot be publicly shared. Aggregated 
analytical outputs used in this study are available from the corre
sponding author upon reasonable request. Access to the underlying 
TriNetX data requires a data use agreement with TriNetX.

Declaration of interests
RJL reports research funding from EUROIMMUN, Dompé pharma, 
Novartis, and Sanofi. All other authors declare no competing interests.

Acknowledgements
This work was supported by the Cluster of Excellence Precision Medi
cine in Chronic Inflammation (EXC 2167), Collaborative Research 
Centre PANTAU (SFB 1526), Individual Research Grant LU 877/25-1, 
all by the Deutsche Forschungsgemeinschaft, and the Schleswig-Hol
stein Excellence-Chair Program from the State of Schleswig-Holstein. 
PC was supported by Region Stockholm.

The study question, cohort definitions, exposure and outcome 
definitions, covariate selection, analyses, interpretation of results, 
manuscript preparation, and decision to submit were determined 
independently by the authors. TriNetX provided access to the de- 
identified real-world data environment and platform-based analytic 
tools but had no role in the scientific design, interpretation of results, 
manuscript preparation, or decision to submit.

During the preparation of this work, the authors used ChatGPT 
(OpenAI) to support language editing, British English standardisation, 
and formatting of revision-related text. The authors reviewed and edited 
all outputs, confirmed the validity of the text, and take full responsibility 
for the content of the publication.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi. 
org/10.1016/j.ebiom.2026.106373.

References
1 Wu FCW, Tajar A, Beynon JM, et al. Identification of late-onset 

hypogonadism in middle-aged and elderly men. N Engl J Med. 
2010;363(2):123–135. https://doi.org/10.1056/NEJMoa0911101.

2 Pye SR, Huhtaniemi IT, Finn JD, et al. Late-onset hypogonadism 
and mortality in aging men. J Clin Endocrinol Metab. 
2014;99(4):1357–1366. https://doi.org/10.1210/jc.2013-2052.

3 Bhasin S, Brito JP, Cunningham GR, et al. Testosterone therapy in 
men with hypogonadism: an endocrine society clinical practice 
guideline. J Clin Endocrinol Metab. 2018;103(5):1715–1744. 
https://doi.org/10.1210/jc.2018-00229.

4 Mulhall JP, Trost LW, Brannigan RE, et al. Evaluation and 
management of testosterone deficiency: AUA guideline. J Urol. 
2018;200(2):423–432. https://doi.org/10.1016/j.juro.2018.03.115.

5 Baillargeon J, Kuo YF, Westra JR, Urban RJ, Goodwin JS. 
Testosterone prescribing in the United States, 2002-2016. JAMA. 
2018;320(2):200–202. https://doi.org/10.1001/jama.2018.7999.

6 Rao PK, Boulet SL, Mehta A, et al. Trends in testosterone 
replacement therapy use from 2003 to 2013 among reproductive- 
age men in the United States. J Urol. 2017;197(4):1121–1126. 
https://doi.org/10.1016/j.juro.2016.10.063.

7 Baillargeon J, Urban RJ, Kuo YF, et al. Screening and monitoring 
in men prescribed testosterone therapy in the U.S., 2001-2010. 
Public Health Rep. 2015;130(2):143–152. https://doi.org/10.1177/ 
003335491513000207.

8 Lincoff AM, Bhasin S, Flevaris P, et al. TRAVERSE study 
investigators. Cardiovascular safety of testosterone-replacement 
therapy. N Engl J Med. 2023;389(2):107–117. https://doi.org/10. 
1056/NEJMoa2215025.

9 Hudson J, Cruickshank M, Quinton R, et al. Adverse 
cardiovascular events and mortality in men during testosterone 
treatment: an individual patient and aggregate data meta- 
analysis. Lancet Healthy Longev. 2022;3(6):e381–e393. https://doi. 
org/10.1016/S2666-7568(22)00096-4.

10 Vigen R, O’Donnell CI, Barón AE, et al. Association of testosterone 
therapy with mortality, myocardial infarction, and stroke in men 
with low testosterone levels. JAMA. 2013;310(17):1829–1836. 
https://doi.org/10.1001/jama.2013.280386.

11 Finkle WD, Greenland S, Ridgeway GK, et al. Increased risk of 
non-fatal myocardial infarction following testosterone therapy 
prescription in men. PLoS One. 2014;9(1):e85805. https://doi.org/ 
10.1371/journal.pone.0085805.

12 Ludwig RJ, Anson M, Zirpel H, et al. A comprehensive review of 
methodologies and application to use the real-world data and 
analytics platform TriNetX. Front Pharmacol. 2025;16:1516126. 
https://doi.org/10.3389/fphar.2025.1516126.

13 Desroches B, Kohn TP, Welliver C, Pastuszak AW. Testosterone 
therapy in the new era of food and drug administration 
oversight. Transl Androl Urol. 2016;5(2):207–212. https://doi.org/ 
10.21037/tau.2016.03.13.

14 U.S. Food and Drug Administration. FDA Drug Safety 
Communication: FDA Cautions About Using Testosterone Products 
for Low Testosterone Due to Aging; Requires Labeling Change to 
Inform of Possible Increased Risk of Heart Attack and Stroke With 
Use. FDA Archive; 2015. Available at: https://wayback.archive-it. 
org/7993/20161022203711/http://www.fda.gov/Drugs/DrugSafety/ 
ucm436259.htm. Accessed June 20, 2026.

15 Xu L, Freeman G, Cowling BJ, Schooling CM. Testosterone 
therapy and cardiovascular events among men: a systematic 
review and meta-analysis of placebo-controlled randomized trials. 
BMC Med. 2013;11:108. https://doi.org/10.1186/1741-7015-11-108.

16 Sharma R, Oni OA, Gupta K, et al. Normalization of testosterone 
level is associated with reduced incidence of myocardial infarction 
and mortality in men. Eur Heart J. 2015;36(40):2706–2715. https:// 
doi.org/10.1093/eurheartj/ehv346.

17 Chang S, Pedersen L, Skakkebæk A, Berglund A, Gravholt CH. 
Cardiovascular risk and mortality in men receiving testosterone 
replacement therapy for Klinefelter syndrome in Denmark: a 
retrospective cohort study. Lancet Reg Health Eur. 2025;51: 
101230. https://doi.org/10.1016/j.lanepe.2025.101230.

18 European Medicines Agency. No Consistent Evidence of an Increased 
Risk of Heart Problems with Testosterone Medicines; 2014. Available 
at: https://www.ema.europa.eu/en/medicines/human/referrals/ 
testosterone-containing-medicines. Accessed June 20, 2026.

19 Layton JB, Li D, Meier CR, et al. Testosterone lab testing and 
initiation in the United Kingdom and the United States, 2000 to 
2011. J Clin Endocrinol Metab. 2014;99(3):835–842. https://doi. 
org/10.1210/jc.2013-3570.

Articles

12 www.thelancet.com Vol 130 August, 2026

https://doi.org/10.1016/j.ebiom.2026.106373
https://doi.org/10.1016/j.ebiom.2026.106373
https://doi.org/10.1056/NEJMoa0911101
https://doi.org/10.1210/jc.2013%2D2052
https://doi.org/10.1210/jc.2018%2D00229
https://doi.org/10.1016/j.juro.2018.03.115
https://doi.org/10.1001/jama.2018.7999
https://doi.org/10.1016/j.juro.2016.10.063
https://doi.org/10.1177/003335491513000207
https://doi.org/10.1177/003335491513000207
https://doi.org/10.1056/NEJMoa2215025
https://doi.org/10.1056/NEJMoa2215025
https://doi.org/10.1016/S2666%2D7568%2822%2900096%2D4
https://doi.org/10.1016/S2666%2D7568%2822%2900096%2D4
https://doi.org/10.1001/jama.2013.280386
https://doi.org/10.1371/journal.pone.0085805
https://doi.org/10.1371/journal.pone.0085805
https://doi.org/10.3389/fphar.2025.1516126
https://doi.org/10.21037/tau.2016.03.13
https://doi.org/10.21037/tau.2016.03.13
https://wayback.archive%2Dit.org/7993/20161022203711/http://www.fda.gov/Drugs/DrugSafety/ucm436259.htm
https://wayback.archive%2Dit.org/7993/20161022203711/http://www.fda.gov/Drugs/DrugSafety/ucm436259.htm
https://wayback.archive%2Dit.org/7993/20161022203711/http://www.fda.gov/Drugs/DrugSafety/ucm436259.htm
https://doi.org/10.1186/1741%2D7015%2D11%2D108
https://doi.org/10.1093/eurheartj/ehv346
https://doi.org/10.1093/eurheartj/ehv346
https://doi.org/10.1016/j.lanepe.2025.101230
https://www.ema.europa.eu/en/medicines/human/referrals/testosterone%2Dcontaining%2Dmedicines
https://www.ema.europa.eu/en/medicines/human/referrals/testosterone%2Dcontaining%2Dmedicines
https://doi.org/10.1210/jc.2013%2D3570
https://doi.org/10.1210/jc.2013%2D3570


20 Layton JB, Kim Y, Alexander GC, Emery SL. Association between 
direct-to-consumer advertising and testosterone testing and 
initiation in the United States, 2009-2013. JAMA. 2017;317(11): 
1159–1166. https://doi.org/10.1001/jama.2016.21041.

21 European Association of Urology. EAU guidelines on sexual and 
reproductive health: male hypogonadism. Available at: https:// 
uroweb.org/guidelines/sexual-and-reproductive-health/chapter/ 
male-hypogonadism; 2025. Accessed June 20, 2026.

22 Handelsman DJ. Global trends in testosterone prescribing, 
2000-2011: expanding the spectrum of prescription drug 
misuse. Med J Aust. 2013;199(8):548–551. https://doi.org/10. 
5694/mja13.10111.

23 US Food and Drug Administration. FDA roundup: march 4, 2025. 
Available at: https://www.fda.gov/news-events/press-announce 
ments/fda-roundup-march-4-2025; 2025. Accessed June 20, 2026.

24 Anawalt BD. Diagnosis and management of anabolic androgenic 
steroid use. J Clin Endocrinol Metab. 2019;104(7):2490–2500. 
https://doi.org/10.1210/jc.2018-01882.

25 Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and stroke 
statistics—2021 update: a report from the American Heart 
Association. Circulation. 2021;143(8):e254–e743. https://doi.org/ 
10.1161/CIR.0000000000000950.

26 Deurenberg P, Deurenberg-Yap M, Guricci S. Asians are different 
from Caucasians and from each other in their body mass index/ 
body fat per cent relationship. Obes Rev. 2002;3(3):141–146. 
https://doi.org/10.1046/j.1467-789x.2002.00065.x.

27 Yasuda SU, Zhang L, Huang SM. The role of ethnicity in 
variability in response to drugs: focus on clinical pharmacology 
studies. Clin Pharmacol Ther. 2008;84:417–423. https://doi.org/ 
10.1038/clpt.2008.141.

Articles

www.thelancet.com Vol 130 August, 2026 13

https://doi.org/10.1001/jama.2016.21041
https://uroweb.org/guidelines/sexual%2Dand%2Dreproductive%2Dhealth/chapter/male%2Dhypogonadism
https://uroweb.org/guidelines/sexual%2Dand%2Dreproductive%2Dhealth/chapter/male%2Dhypogonadism
https://uroweb.org/guidelines/sexual%2Dand%2Dreproductive%2Dhealth/chapter/male%2Dhypogonadism
https://doi.org/10.5694/mja13.10111
https://doi.org/10.5694/mja13.10111
https://www.fda.gov/news%2Devents/press%2Dannouncements/fda%2Droundup%2Dmarch%2D4%2D2025
https://www.fda.gov/news%2Devents/press%2Dannouncements/fda%2Droundup%2Dmarch%2D4%2D2025
https://doi.org/10.1210/jc.2018%2D01882
https://doi.org/10.1161/CIR.0000000000000950
https://doi.org/10.1161/CIR.0000000000000950
https://doi.org/10.1046/j.1467%2D789x.2002.00065.x
https://doi.org/10.1038/clpt.2008.141
https://doi.org/10.1038/clpt.2008.141

	Off-label testosterone therapy is associated with higher long-term cardiovascular risk in men
	Introduction
	Methods
	Study design and data source
	Ethics statement
	Study population and definition of eligible patients
	Covariates
	Outcomes
	Statistical analysis
	Role of funders

	Results
	Testosterone therapy use patterns and long-term cardiovascular outcomes
	Race/ethnicity subgroup analyses reveal marked variation in cardiovascular risk

	Discussion
	Contributors
	Data sharing statement
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


