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Abstract
Context: Transgender men (TGM) are persons assigned female gender at birth with
a male gender identity and are routinely treated with testosterone. Androgen excess
is associated with endothelial dysfunction among cisgender females (CGF) and is an
early sign of atherosclerosis and hypertension.
Objective: To determine the effect of testosterone treatment on endothelial function in TGM.
Setting: The John B. Pierce Laboratory and Yale School of Medicine.
Subjects: Eleven TGM (age 27 ± 5 years; BMI 24.4 ± 3.7 kg/m2) receiving testosterone (T) and 20 CGF (28 ± 5 years; BMI 26.0 ± 5.1 kg/m2) during the early follicular
phase of their menstrual cycle.
Design and Outcome Measures: We evaluated brachial vasodilatory responses following stimuli designed to elicit shear stress using 5-minute occlusion to determine
endothelial function (flow-mediated vasodilation, FMD).
Results: Total T was greater in the TGM compared to CGF (484.6 ± 122.5 vs
1.5 ± 0.7 ng/dL), as was free T (83.9 ± 32.4 vs 1.9 ± 0.8 pg/dL). FMD was markedly
lower in the TGM (4.5 ± 2.7%) compared to the CGF (8.1 ± 2.9%, P = .002) indicating
significantly diminished endothelial function in TGM.
Conclusions: We have shown for the first time that in TGM the androgen-dominant
hormonal milieu was associated with impaired endothelial function. Endothelial dysfunction precedes clinically detectable atherosclerotic plaque in the coronary arteries, so is an important marker for clinical cardiovascular risk. Therefore, attention to
cardiovascular risk factors should be integral to the care of transgender men.
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1 | I NTRO D U C TI O N

the same as the sex assigned at birth, thus cisgender women are
persons assigned female at birth with a female gender identity.

Approximately 0.6% or 1.4 million people in the US identify as trans-

Transgender men are persons assigned female at birth with a male

gender,1 or having a current gender identity that differs from the

gender identity. It is common for TGM to undergo gender-affirming

sex assigned at birth. Cisgender individuals have a gender identity

hormone therapy (HT), including both reducing ovarian hormones
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and increasing testosterone. Gender-affirming hormone therapy for

Helsinki and was approved by the Human Investigation Committee

TGM can include continuous, lifelong androgen exposure.

of the Yale School of Medicine.

While the impact of chronic androgen exposure in TGM has not
been well studied, testosterone is associated with increased cardiovascular risk in women. 2-4 In general, the engagement of androgen

2.2 | Experimental design

and the androgen receptor (AR) results in impaired agonist-triggered
5,6

endothelial nitric oxide (NO) release in women

and testosterone

We evaluated brachial vasodilatory responses with FMD one time in

exposure is characterized by endothelial dysfunction.7,8 Excess free

each subject. Transgender men were taking physiological doses of

plasma testosterone in women is also a predictor of sympathetic

exogenous testosterone (via injection) for at least three months as

nervous system-mediated increases in blood pressure and renal

prescribed by their endocrine provider as part of their clinically indi-

sympathetic activation. For example, in women with androgen ex-

cated HT. The testosterone dose varied among the TGM depending

cess-polycystic ovary syndrome (AE-PCOS), peripheral vascular sym-

on their treatment goals.18 All TGM were prescribed weekly doses

pathetic nervous system activity is increased independent of other

of testosterone cypionate ranging from 40-80 mg by subcutaneous

9

comorbidities associated with PCOS. The complete aetiology of AE-

injection. The TGM group was instructed to have testosterone lev-

PCOS remains unknown, but is a complex condition characterized

els measured at peak and trough to ensure that testosterone levels

by disordered ovarian oestradiol, disrupted ovarian progesterone

remained within the physiological male range throughout the dos-

and excess ovarian androgen secretion, in addition to compensatory

ing interval. Given that testosterone injections were administered

10

hyperinsulinaemia and menstrual irregularities.

Women with AE-

on a weekly basis, with one subject prescribed on a twice weekly

PCOS are a corollary to TGM due to their chronic, lifelong andro-

basis, there was minimal peak and trough effect on testosterone

gen exposure, and young women with AE-PCOS have a number of

levels during the dosing interval. Circulating testosterone levels

cardiovascular comorbidities, including mild hypertension, enhanced

were within the normal male physiological range for TGM, and fe-

9,11

It is therefore

male physiological ranges for CGF (Table 1). Cisgender females were

logical that the HT for TGM may increase their cardiovascular risk,

sympathetic activity and endothelial dysfunction.

tested within days 1-7 of the follicular phase of their menstrual cycle.

and these risks may be compounded by other medical or surgical
interventions. Even in young TGM cohorts, testosterone therapy
consistently increases systolic blood pressure,12-16 triglycerides 15,16

2.3 | Experimental protocols

LDL-cholesterol and decreases HDL-cholesterol.14,17
Testosterone exposure can begin in many TGM at an age when

Subjects had abstained from food, alcohol, caffeine, and strenuous

the overall risk for cardiovascular events is still low. It is therefore

exercise for 12 hours prior to FMD testing. Testing was performed in

important to evaluate biomarkers and risk factors that can predict

the morning in a dimly lit environmental chamber (Ta = 26◦ C). Before

cardiovascular dysfunction and disease later in life. Endothelial

FMD testing, subjects rested supine for at least 15 minutes. In our

dysfunction precedes clinically detectable atherosclerotic plaques

CGF, following the FMD studies, after at least 30 minutes of seated

in the coronary arteries, so is an important marker for cardiovas-

rest, a blood sample was drawn to measure serum concentrations

cular risk. In this study, we evaluated the impact of physiological

free and total testosterone ([T[free]S, [T[Total]S), plasma cholesterol

doses of testosterone as part of HT on endothelial dysfunction

[total cholesterol (TC), high (HDL) and low density (LDL) lipoproteins]

in TGM. We hypothesized that endothelial function would be

and triglycerides. Because hormone and lipid panels had been de-

impaired in TGM taking HT compared to CGF of similar age and

termined by their personal physicians, we did not draw blood on the

health parameters.

TGM on the day of the FMD testing to avoid being overly invasive.
Testosterone levels were tested in TGM within two months of their

2 | M ATE R I A L S A N D M E TH O DS

last blood tests for the reported measurements.

2.1 | Subjects

2.3.1 | Flow-mediated vasodilation

Eleven healthy TGM (27 ± 4, 20-31 years) and 20 healthy cisgen-

Subjects lay supine with their right arm extended. Continuous re-

der, premenopausal women (28 ± 5, 18-34 years) voluntarily pro-

cordings of longitudinal brachial artery images and blood flow veloc-

vided written informed consent to participate. All CGF had regular

ity were obtained simultaneously using the Sonoscope S2 ultrasound

menstrual cycles (28-32 days), and no subjects were using hormo-

imaging system with a 6.0-MHz linear array probe (International

nal contraceptives or taking hormones of any kind other than the

Diagnostic Devices). A probe holder secured the ultrasound trans-

prescribed testosterone in the TGM. Participants were nonsmokers,

ducer in place at a location on the brachial artery distal to the ante-

with no reported history of cardiovascular, metabolic, or gynaeco-

cubital fossa to ensure that the same vessel segment was measured

logical disease. Subjects were sedentary or recreationally active.

throughout each test date. The ultrasound display was captured

The study conformed to guidelines contained in the Declaration of

continuously using a VGA to S-Video converter and recorded in AVI

|
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TA B L E 1 Subject characteristics and
blood variables
n

Transgender men

Cisgender women

11

20

3

P

Age, y

27 ± 4

28 ± 5

.389

Race (Asian/Black/White/
Hispanic)

(2/1/6/1)

(2/3/12/3)

NA

Weight, kg

66.8 ± 10.1

71.1 ± 14.0

.386

Height, cm

165.4 ± 7.6

166.9 ± 8.1

.642

BMI, kg/m2

24.4 ± 14.9

26.0 ± 5.1

.392

HbA1C , %

5.0 ± 0.2

4.7 ± 0.4

.048

Total Cholesterol, mmol/L

40 ± 15

46 ± 9

.785

LDL, mmol/L

26 ± 6

25 ± 6

.820

HDL, mmol/L

12 ± 5

16 ± 4

.146

Triglycerides, mmol/L

0.9 ± 0.5

0.9 ± 0.4

.501

Hct, %

43.2 ± 1.9

39.9 ± 2.9

.002

Hb, mmol/L

8.8 ± 0.6

8.9 ± 1.2

.683

E2, pmol/L*

167.7 ± 62.4 (n = 6)

222.4 ± 126.6 (n = 20)

.325

Total Testosterone, nmol/L

1763 ± 270
Range, 866-3813

5±2
Range, 2 −8

5.678e-22

Free Testosterone, nmol/L

0.30 ± 0.13
range: 0.15-0.78

0.05 ± 0.02
range: 0.02-0.08

6.106e-11

Note: Data are presented as mean ± SD, independent, two-tailed, t tests were used to test
statistical significance. BMI, body mass index, low (LDL) and high (HDL) density lipoproteins,
haematocrit (Hct), Haemoglobin (Hb), 17 β-oestradiol (E2).
*n = 6 for transmen for E2 values. Based on clinical practice guidelines, E2 levels are no longer
measured once an the E2 level is consistently below 50 pg/mL, menses stop or the individual has
had total abdominal hysterectomy with bilateral salpingo-oophorectomy (TAH/BSO). We removed
one E2 outlier from the TGM group (668.1 pmol/L) as this was an inconsistent finding within this
subject. We elected to keep this subject in the study because his testosterone was within range
and FMD was also low. Significance was accepted at P < .05 and indicated in boldface in the table.

format on an external computer (StarTech). In each protocol, brachial

a cholesterol assay kit (ab65390) and triglycerides were measured

artery measures were recorded at baseline for 3 minutes. Forearm

with a triglyceride assay kit (ab65336) using an AW Alera analyser

ischaemia was then induced by rapidly inflating a blood pressure

(Alfa Wasserman Co). Haemoglobin A1c (HbA1C) was collected in

cuff to supra-systolic pressure (ie ≥160-180 mm Hg) for 5 minutes.

EDTA and assayed using immunoturbidimetry.

Brachial artery measures were obtained continuously for 3 minutes
following cuff deflation. Using similar methodology for an enhanced
shear stress stimulus, it has been shown that FMD is highly repeat-

2.4.2 | For transgender men

19-21

able within subjects across trials and across days.

Total cholesterol, HDL-cholesterol and triglycerides were collected

2.4 | Blood analysis
2.4.1 | For cisgender women

in heparin and were measured by spectrophotometry at Quest
Diagnostics. LDL-cholesterol was calculated using the MartinHopkins calculation. 22 Haemoglobin A1c was collected in EDTA and
assayed using immunoturbidimetry at Quest Diagnostics. The normal range HbA1C is <5.7%. Prediabetes is defined as an A1c 5.7%-

An aliquot was transferred into a tube without anticoagulant for the

6.4%, and diabetes is an A1c 6.5% or greater.

determination of lipids and T (free and total). An aliquot (1 mL) was
removed for immediate assessment of haematocrit (Hct) and haemoglobin ([Hb]) in triplicate by microhaematocrit and cyanomethaemoglobin, respectively. Serum concentrations of T (free and total)
were measured using enzyme-linked immunosorbent assay (ELISA)

2.5 | Data analysis
2.5.1 | Flow-mediated vasodilation

methods. Intra- and inter-assay coefficients of variation for [T Total]
S were 5.7% and 5.7% (Alpco, Salem, NH), and [Tfree]S were 3.9%

Machine-learning software (Brachial Analyzer for Research, Medical

and 4.0% (Alpco). Total cholesterol, HDL, LDL were measured with

Imaging Applications) was used to analyse ultrasound screen-capture

4
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files. Edge-detection software was used to measure vessel diameter

TA B L E 2
variables

throughout each protocol and reviewed manually to ensure accurate

Flow-mediated vasodilation and haemodynamic

wall detection. The region of interest was kept constant throughout

Transgender men

each protocol to minimize artificial intra-subject variation. Baseline di-

Cisgender women

P

ameter was averaged over one minute during the initial resting period.

n

11

20

Diameters were compiled into three-second average time bins from

Baseline
diameter, mm

3.5 ± 0.4

3.6 ± 1.0

.707

mediated dilation was calculated as the per cent increase from baseline

FMD, %

4.5 ± 2.7

8.1 ± 2.9

.002

to the peak diameter bin during reactive hyperaemia. Ultrasound analy-

Shear rate, AUC

28 089 ± 13 187

18 340 ± 6550

.075

ses were performed by a single trained investigator. The laboratory as-

SBP, mm Hg

123 ± 11

117 ± 10

.157

sistant analysing FMD was blinded to test identifiers, including group.

DBP, mm Hg

78 ± 12

73 ± 10

.241

MAP, mm Hg

93 ± 10

88 ± 10

.186

which peak diameter and time-to-peak diameter were identified. Flow-

2.5.2 | Shear rate

Note: Data are presented as mean ± SD, independent, two-tailed, t tests
were used to test statistical significance. BMI, body mass index, SBP,
DBP, and MAP, systolic, diastolic and mean arterial blood pressure.

Velocity (cm/s) was obtained for each frame and compiled into 3 sec-

Significance was accepted at P < 0.05 and indicated in bold

onds average time bins. Shear rate was calculated for each bin as mean

3.1 | Effect of group on flow-mediated vasodilation

velocity/mean diameter. Shear rate AUC was calculated from cuff deflation to the time of peak dilation using the trapezoid rule.21,23 Arterial
blood pressure was obtained using a manual sphygmomanometer by

The magnitude of vasodilatory responses was attenuated in the TGM

the same technician at the end of each FMD testing session after the

(Table 2, Figure 1, P = .002). This difference in vasodilatory response

subject had been lying supine for at least 30 minutes.

was independent of baseline diameter (Table 2, Figure 1, P = .707). Shear
rate AUC was unaffected by group (28 091 ± 13 187 vs 18 330 ± 2476,
P = .075, Table 2). Although there was some trend for greater shear rate

2.6 | Statistical analyses

AUC in the cisgender versus the transgender group, we found no correlation between shear rate AUC and per cent FMD in either group (r2

Two-tailed t tests were used to compare baseline differences in all

.18, P = .045, cisgender, r2 .17, P < .71, transgender) so did not normalize

variables between groups. A value of P < .05 was considered signifi-

per cent FMD to the shear stress stimulus.23 There was a significant

cant. Values in tables are reported as the mean ± SD and in graphs

linear correlation between [Tfree]S and FMD when the TGM and CGF

as mean ± SEM. Pearson's product moment correlation was used to

groups were considered together (r2 = .32, P = .002). However, within

assess the relationship FMD to either testosterone or Hb. Data were

groups, this relationship was not significant. There was no significant

analysed using SPSS Statistical Software (IBM).

linear correlation between Hb and FMD either within the groups or
when the groups were considered together (r2 = .0004, P = .99).

3 | R E S U LT S

4 | D I S CU S S I O N

By design, transgender subjects had higher [T Total]S and [Tfree]S.
We demonstrated for the first time that physiological testosterone

ing lipids and triglycerides, although HbA1C was higher in the TGM

administration during HT was associated with impaired endothe-

(Table 1). Haemodynamic variables were also similar between groups

lial function in young TGM compared to CGF women. Our findings

and within normal ranges (Table 2).

are consistent with earlier data showing endothelium mediated

10

10

8

8

6

6

% FMD

Baseline diameter, mm

Most other blood variables were similar between groups, includ-

4
2

P = .002

4
2

0

0
CGF
n = 20

TGM
n = 11

CGF
n = 20

TGM
n = 11

F I G U R E 1 Baseline dilation and
flow-mediated vasodilation (%FMD)
per cent change. Data are presented
as mean ± SEM. Groups subjects in
transgender men (TGM) group and
cisgender female (CGF) group. Effect
of group, P = .002 for %FMD with no
difference in baseline diameter between
groups. We used independent, two-tailed
t tests to test statistical significance in
%FMD and baseline dilation

|
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vasodilation is attenuated in lean, insulin-sensitive women with AE11

PCOS with endogenous hyperandrogenism.

5

of androgen and the AR results in impaired, agonist-triggered endo-

Importantly, the dif-

thelial NO release in women, a likely cause for the sex differences in

ference in endothelial function between TGM and CGF was found

testosterone effects on endothelial function. A recent meta-analysis of

despite comparable levels of traditional cardiovascular risk factors

androgen (DHT) treatment showed dyslipidemia at 3, 6 and 24 months

including BMI, lipid levels and blood pressure, suggesting that other

of testosterone treatment in transmen.17 While HT with testosterone

mechanisms such as inflammation or the direct effect of androgens

also induced blood pressure increases, insulin resistance, and dyslipid-

may contribute to changes in endothelial function. There was a small

emia,17 cardiovascular morbidity or mortality was not yet apparent in

but statistically significant difference in HbA1C in the TGM (5.0%

these young transgender men.24 No studies have yet followed trans-

vs 4.7%, P = .048), however the levels were well within the normal

gender men into the ageing process as cardiovascular disease risks

range and unlikely to have clinically relevant impact on vascular func-

accelerate, therefore the long-term impact on cardiovascular disease

tion. However, we cannot entirely exclude the possibility that subtle

remains unknown.

changes in cardiometabolic measurements may have a deleterious ef-

Earlier studies have shown Hb and Hct during testosterone

fect on endothelial function with long-term treatment. Earlier stud-

treatment (in men) can increase iron and red blood cell formation,34

ies have shown adverse effects of testosterone on lipid levels and

and that Hb is inversely related to forearm endothelial-dependent

blood pressure,17,24 raising concern for increased cardiovascular risk

vasodilation.35 However, in this study, while Hct was greater in the

with chronic testosterone exposure. Therefore, attention to cardio-

TGM versus the CGF, there was no relationship within either group

metabolic risk factors should be integral to the care of TGM. Finally,

to FMD when we considered the groups as a whole. Further studies

because of experimental constraints, our laboratory tests were per-

examining this specific relationship are required as our blood sam-

formed by different laboratories so we were unable to directly com-

ples and FMD measures in TGM were not taken on the same day,

pare lipids and hormones between the two groups so these studies

and Hb and Hct are sensitive to hydration and posture, among other

should be repeated with blood analysis performed using the same as-

variables.

says for both groups.

In women, [T Total]S is associated with greater risk of diabetes

Endothelial dysfunction constitutes “the early pivotal event in

and related cardiovascular comorbidities.36 In the present study, we

atherosclerosis”, 25 because it precedes clinically detectable athero-

noted small but significantly greater HbA1C in the TGM (5.0 vs 4.7,

sclerotic plaques in the coronary arteries. Healthy endothelial func-

P = .048) in this young, healthy cohort. In this group we would expect

tion may be described as a balance of endothelial vasoconstrictor/

the incidence of impaired glucose metabolism to be very low. The

vasodilator factors. A primary feature of normally functioning endo-

normal range for HbA1C is <5.7%, prediabetes is defined as an HbA1C

thelium is the production of NO in response a number of different

5.7%-6.4%, and diabetes is defined as an HbA1C ≥ 6.5%. All subjects

agonists (eg shear stress in FMD). Testosterone exposure is also as-

in both groups were in the normal range (4.0%-5.6%), suggesting

sociated with impaired agonist-triggered endothelial NO release in

while this was statistically-form different, there is little physiological

women,3,4 and is therefore a major driver of endothelial dysfunction.

or clinical consequence. Blood parameters were for the most part

Activation of the AR in women may result in impaired, agonist-trig-

similar between groups (Table 1, Figure 2).

gered endothelial NO release and/or NO responsiveness. A recent
study in our laboratory demonstrated impaired endothelin-1 (agonist) triggered vasodilation in lean, insulin-sensitive women with

5 | CO N C LU S I O N S

AE-PCOS, indicating an independent effect of androgen on vascular
pathology in these women with high testosterone exposure but no
11

Ours is the first study to examine the androgen effects on endothe-

This same study indicated the endo-

lial function in TGM. We demonstrated that the hyperandrogenic

thelial dysfunction in AE-PCOS is mediated through an androgen ef-

milieu in TGM is a primary factor associated with endothelial dys-

fect on the NO pathway.11 Earlier data in PCOS had demonstrated

function, independent of lipids, blood pressure and BMI. Our present

that inflammation and inflammatory factors including cytokines, oxi-

study supports earlier studies from our laboratory demonstrating

insulin resistance or obesity.

dative stress and NF-κB activation

26

also contribute to the impaired

that poor NO responsiveness is a key causative link in natal females

NO release or responsiveness.5,6 These data are consistent with our

exposed to chronic endogenous and/or high levels of exogenous an-

current findings that the impaired endothelial function in TGM is

drogens leading to endothelial dysfunction and ultimately cardiovas-

independent of obesity or blood lipids and likely associated with in-

cular disease. Future studies should address how changes in other

flammatory factors associated with the testosterone exposure.

hormones such as oestrogen, or other substances, such as inflamma-

Testosterone is an acute vasodilator and in men so may protect

tory cytokines, may impact changes in vascular function during HT.

against endothelial dysfunction.27 Androgen receptors are expressed in

As described earlier, endothelial dysfunction in these TGM occurred

cells throughout the cardiovascular system, including endothelial cells

independent of differences in lipids, BMI or blood pressure indicat-

28

and vascular smooth muscle cells (VSMCs),

29

although the impact

ing a separate aetiology. Understanding the mechanisms by which

of testosterone administration on the cardiovascular system in men is

exogenous androgens mediate endothelial dysfunction in TGM may

varied.2,30-33 In contrast, androgens may induce detrimental outcomes

allow for early interventions to mitigate the potential long-term car-

on the cardiovascular system in women.2-4 In general, the engagement

diovascular risk.
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40

50

20

20
10

30
20

0

0

20

1.2

10

1

8

15
10
5
0

F I G U R E 2 Blood variables. Data
are presented as mean ± SEM. Groups
subjects in transgender men (TGM) group
and cisgender female (CGF) group. Total
cholesterol (TC), low (LDL) and high
(HDL) density lipoproteins, Triglycerides
(TRI) haematocrit (Hct), Effect of group,
P = .002 for haemoglobin (Hb)

10

0

TRI, mmol/L

HDL, mmol/L

10

HCT, %

30

P = .002

40

30
LDL, mmol/L

TC, mmol/L

40

50

0.8

Hb, mmol/L

6

0.6
0.4

6
4
2

0.2
0

0

CGF TGM

CGF TGM

CGF TGM

n = 20 n = 11

n = 20 n = 11

n = 20 n = 11

5.1 | Limitations

AU T H O R C O N T R I B U T I O N S
CAL ran the flow-mediated vasodilation experiments, assisted with

The blood analyses of the different groups were performed by dif-

all human data collection, conducted the hormone assays, and ana-

ferent laboratories. This was necessary as our TGM subjects were

lysed the hormone data. BIG & PRP screened and supervised the

recruited by their physicians (BG and PP), who had performed blood

subjects on medication. NSS supervised the project, assisted in data

testing as part of their regular examinations. We did not wish to re-

collection, aided in interpreting results. NSS, BIG, & CAF devised the

peat unnecessary blood testing or invasive measures. A second limi-

project and collaborated in writing the manuscript.

tation was that we did not collect the blood sample on the same day
the FMD was performed. However, with regard to the testosterone,

DATA AVA I L A B I L I T Y S TAT E M E N T

our treatment was within standard parameters, and subjects received

The data that support the findings of this study are available from

testosterone therapy at least once per week throughout the study. A

the corresponding author upon reasonable request.

third limitation was the cross-sectional nature of our study. Future
studies will include TGM prior to and after having begun HT so we

ORCID

can study changes in cardiovascular function as they proceed through

Nina S. Stachenfeld

https://orcid.org/0000-0002-6597-5031

HT. Such longitudinal studies are needed to confirm these findings
and enable us to better isolate the time course for these changes in
endothelial function. These longitudinal studies will also allow us to
test hypotheses relating to mechanisms involved in the testosterone
effects on endothelial function in TGM.
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