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Abstract

Context: The effects of androgen therapy on arterial function in transgender men (TM) are not fully understood, particularly concerning long-term
androgen treatment.

Objective: To evaluate arterial stiffness in TM receiving long-term gender-affirming hormone therapy by carotid—femoral pulse wave velocity (cf-
PWV).

Methods: A cross-sectional case—control study at the Gender Dysphoria Unit of the Division of Endocrinology, HC-FMUSP, Sao Paulo, Brazil.
Thirty-three TM receiving intramuscular testosterone esters as regular treatment for an average time of 14 + 8 years were compared with
111 healthy cisgender men and women controls matched for age and body mass index. Aortic stiffness was evaluated by cf-PWV
measurements using Complior device post-testosterone therapy. The main outcome measure was aortic stiffness by cf-PWV as a
cardiovascular risk marker in TM and control group.

Results: The cf-PWV after long-term testosterone therapy was significantly higher in TM (7.4 + 0.9 m/s; range 5.8-8.9 m/s) than in cisgender
men (6.6 + 1.0 m/s; range 3.8-9.0 m/s, P<.01) and cisgender women controls (6.9 +.9 m/s; range 4.8-9.1 m/s, P=.02). The cf-PWV was
significantly and positively correlated with age. Analysis using blood pressure as a covariate showed a significant relationship between TM
systolic blood pressure (SBP) and cf-PWV in relation to cisgender women but not to cisgender men. Age, SBP, and diagnosis of hypertension
were independently associated with cf-PWV in the TM group.

Conclusion: The TM group on long-term treatment with testosterone had higher aging-related aortic stiffening than the control groups. These
findings indicate that aortic stiffness might be accelerated in the TM group receiving gender-affirming hormone treatment, and suggest a
potential deleterious effect of testosterone on arterial function. Preventive measures in TM individuals receiving testosterone treatment, who
are at higher risk for cardiovascular events, are highly recommended.

Key Words: testosterone, female to male transsexual, transgender man, arterial stiffness, carotid—femoral pulse wave velocity

Abbreviations: ANCOVA, analyses of covariance; BMI, body mass index; cf-PWV, carotid—femoral pulse wave velocity; CVD, cardiovascular disease; DBP,
diastolic blood pressure; SBP, systolic blood pressure; TM, transgender men.

The goals of gender-affirming hormone therapy using testos-
terone in transgender men (TM) are to promote the interrup-
tion of menstrual cycles and to induce virilization by
producing a male pattern of facial and body hair growth, clit-
oral enlargement, and increased muscle mass [1]. These effects
promote the phenotypic gender transition.

Long-term androgen treatment effects on the cardiovascu-
lar systems of TM are not yet well established, because most
of the literature data are based on small cohorts of younger
TM, who have received gender-affirming hormone therapy
for a short period of time [2-4].

Some of the potential side effects of androgen treatment for
TM, such as erythrocytosis, weight gain, hypertension, and
lipid abnormalities, are known to be risk factors for cardio-
vascular diseases (CVDs) [5].

The exact role of male sex hormones in arterial vessels is not
well recognized, but sex steroids seem to be able to modulate
arterial properties. An indirect effect of testosterone, through
estrogen originating from the peripheral aromatization of tes-
tosterone, has been demonstrated in the vasculature [6].
Additionally, direct testosterone action on arterial vessels has
been suggested by evidence of androgen receptor expression
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in both the endothelial and smooth muscle cells of multiple ves-
sels [7].

Increased cardiovascular risk and progression of subclin-
ical arterial disease has been established in cisgender women
with endogenous hyperandrogenism [8]. Furthermore, car-
diovascular comorbidities, including systemic arterial hyper-
tension and endothelial dysfunction, have been observed in
young women with polycystic ovary syndrome who are
chronically exposed to androgen excess [9, 10]. The current
evidence for the role of testosterone therapy in the athero-
genic profile and cardiovascular risk in cisgender women is
controversial. Some studies that evaluated the chronic use
of testosterone in climacteric patients demonstrated an
increase in arterial vasodilation [11-13], while others
showed an increase in ischemic arterial disease and coronary
disease [14].

Changes in the structural and functional properties of the
large arteries are correlated with increased cardiovascular
risk in different populations [15, 16]. Nonclassical cardiovas-
cular risk markers, such as arterial stiffness estimated by
carotid—femoral pulse wave velocity (cf-PWV) measurements
and carotid structure evaluated by carotid intima-media
thickness measurements, are recommended by different guide-
lines for the complementary assessment of subclinical athero-
sclerosis and as predictors of additional cardiovascular risk
(17, 18].

Some studies have demonstrated the effects of testosterone
on these markers in different conditions. A more androgenic
profile of endogenous sex hormones was associated with
worse endothelial function in a large cohort of postmeno-
pausal women analyzed in the Multi-Ethnic Study of
Atherosclerosis (MESA) [19]. Moreover, patients with con-
genital adrenal hyperplasia due to 21-hydroxylase deficiency,
a disease of adrenal origin that is manifested by adrenal failure
and hyperandrogenism, presented higher values of carotid
intima—media thickness than control subjects [20].

Central arterial stiffness, aortic stiffness, has emerged as a
strong cardiovascular risk factor [21]. The cf-PWV, a method-
ology to measure aortic stiffness, has been shown to have good
accuracy in estimating cardiovascular and all-cause mortality
risk, and an excellent accuracy to estimate cardiovascular
mortality [22]. The cf-PWYV is the recommended arterial stiff-
ness measurement method according to the American Heart
Association scientific statement [23], the European expert con-
sensus document [24], and European Society of Cardiology and
the European Society of Hypertension guidelines for the man-
agement of arterial hypertension [25] due to the large prepon-
derance of longitudinal data from cohort studies. The
cf-PWV, a parameter with simple reproducibility and high reli-
ability, has been considered the gold standard method for as-
sessing aortic stiffness [24, 26].

Although not all studies are in concordance, transgender lit-
erature has suggested that TM receiving testosterone therapy
may be at higher risk for myocardial infarction and that the
vascular changes might be an underlying mechanisms
[27, 28]. Testosterone therapeutic use in the TM represents
a particular model for evaluating this relationship between
an exogenous source of testosterone and vascular modifica-
tions in 46,XX subjects.

In this study, we evaluated arterial stiffness by cf-PWV
measurements of TM after long-term testosterone therapy to
investigate the presence of subclinical atherosclerosis and to
establish a predictor of cardiovascular risk.
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Patients and Methods

Subjects

This study protocol was approved by the Ethics Committee of
the Hospital das Clinicas, Universidade de Sio Paulo
(HCFMUSP: protocol number 43078815.4.0000.0068), and
written informed consent was obtained from all participants.

Thirty-three TM followed at the Gender Dysphoria Unit of
the Division of Endocrinology of the HC-FMUSP were eval-
uated in a cross-sectional case—control study. The criteria
for a gender dysphoria/gender incongruence diagnosis were
in accordance with DSM IV-V/ICD-11 guidelines. The mean
age of the TM group was 44 + 10 years (range 26-61 years).
At the beginning of the study, all TM who were selected al-
ready had phenotypic male features (mean phallus length:
5.3+1.0 cm; mean total Ferriman—Gallwey score: 22 +7;
male pattern baldness and absence of menstrual cycles).
Most of the TM had undergone sex reassignment surgery by
the start of the study (n=24; 73%), including hysterectomy
plus bilateral oophorectomy. The mean duration of testoster-
one therapy was 14 + 8 years (range 4-32 years).

The TM group received 200 mg of intramuscular testoster-
one cypionate every 2 weeks. The total testosterone levels of
the TM group were 456 + 250 ng/dL. The total testosterone
levels were preferentially measured on the day preceding the
next dose administration (nadir values).

The cisgender control group was composed of 111 healthy
subjects, 55 cisgender women (aged 43 + 10 years) and 56 cis-
gender men (aged 42 + 10 years), who were age and body
mass index (BMI) matched to the TM group. The following
conditions were evaluated by clinical and laboratory assess-
ments and subjects with these conditions were excluded
from the cisgender control group: smoking; chronic kidney
disease; hepatic failure; systemic arterial hypertension (blood
pressure > 140/90 mmHg or patient on antihypertensive
medication); inflammatory diseases; neoplasia; endocrine dis-
orders including diabetes mellitus and hypogonadism; hema-
tological diseases; peripheral vascular diseases; dyslipidemia
(or patient on lipid-lowering medication); cardiomyopathies;
valvular heart diseases; and congenital diseases.

The participants of the control groups were recruited from
research projects duly approved by the Ethics Committee of
the Sao Paulo University Medical School as described else-
where in detail [29]. For sample calculation, a minimum num-
ber of 30 patients per group was considered, based on the
power to detect changes in c¢f-PWV measurements, according
to the reproducibility and sensitivity of the test observed at our
service.

Assessment of Arterial Parameters

Evaluations of arterial stiffness were performed for all partic-
ipants by cf-PWV measurements using the Complior device
(Artech, France) [30]. Briefly, 2 external sensors were posi-
tioned at 2 points of the arterial tree (carotid and femoral ar-
teries), and the pulse curves were simultaneously registered.
The cf-PWV was automatically calculated by inserting the dis-
tance between the 2 points. This method has been validated in
several studies [31, 32].

Clinical and Biochemical Analyses

All subjects underwent the following laboratory tests after a
12-hour fast using standard methods in the clinical laboratory:
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hematocrit, fasting plasma glucose, total cholesterol, triglycer-
ide, high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, creatinine, and total testosterone and
estradiol levels (immunofluorometric assay—AutoDELFIA,
Wallac, Finland).

An automated and validated Microlife device was used to
measure the systolic blood pressure (SDP) and diastolic blood
pressure (DBP), and a mean of the 2 measurements was con-
sidered. The pulse pressure was calculated by the difference
between the SDP and DBP [17]. Among the transgender
group, 8 subjects were hypertensive, and all were on regular
use of antihypertensive drugs.

Statistical Analysis

Statistical analysis was performed using GraphPad Prisma
8.4.2. The D’Agostino—Pearson normality test was used to
evaluate data distribution (Gaussian or non-Gaussian). For
variables with normal distribution, the comparison among
the 3 groups was done through analysis of variance, and for
comparative subanalyses of 2 groups, the Tukey test was
used. Nonparametric Kruskal-Wallis test was used for varia-
bles, and Dunn’s multiple comparison test was used for com-
parative subanalyses of 2 groups. Pearson’s correlation
coefficient was used to measure the statistical relationship be-
tween continuous variables. Analyses of covariance
(ANCOVA) covarying for SBP/DBP and cf-PWV values
were employed to detect mean between-group differences.

Multiple linear regression analysis was performed to deter-
mine the effect of different independent variables (age, SBP/
DBP, hematocrit, creatinine, testosterone level, testosterone
treatment duration, and systemic arterial hypertension) on
the arterial stiffness parameter (dependent variable). Statistical
significance was set at P <.05.

Results

The TM group presented significantly higher SDP and DBP
and hematocrit levels than both cisgender women and men
(Table 1). Testosterone levels and creatinine levels were simi-
lar between TM and cisgender men and were significantly
lower in cisgender women than in TM and cisgender men.
There were no significant differences in total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein chol-
esterol, triglyceride, fasting plasma glucose, or estradiol levels
between the TM and control groups (Table 1).

The mean values of cf-PWYV were significantly higher in the
TM group (7.4+0.9 m/s; range 5.8-8.9 m/s) than in the
groups of cisgender men (6.6 + 1.0 m/s; range 3.8-9.0 m/s,
P <.01) and cisgender women (6.9 + 0.9 m/s; range 4.8-9.1 m/s,
P=.02). Cisgender men and women controls presented similar
cf-PWV values (P = .4) (Fig. 1).

A significant positive correlation between cf-PWV values
and age in the TM group was observed (r=0.52; P<.01)
(Fig. 2). In addition, a positive and significant correlation be-
tween cf-PWV and diagnosis of hypertension (r=0.39;

Table 1. Comparison of the clinical characteristics and laboratory data among the transgender men group and cisgender control groups,

matched for age and body mass index

Variable Groups P value
Transgender men Cisgender women Cisgender men
Mean +SD  Median (variation) Mean+SD  Median (variation) Mean +SD  Median (variation)

Age (yrs)? 43.6+9.5 44 43+10 43.5 42+10 43 NS
(26-61) (25-61) (25-61)

BMI (kg/m2)” 27+S 25.9 27+S 254 27+4 — NS
(19.1-39.2) (19.9-37.1)

SBP (mmHg)* 129 +17 130 118 +15 115 121 +17 120 .01*
(90-180) (90-160) (85-180)

DBP (mmHg) 81+11 — 74+ 11 — 75+ 14 — .02*

PP (mmHg) 47+11 — 4449 — 46+ 11 — NS

Hematocrit (%) 47 +3 — 40+3 — 45+2 — <.01*

TC (mg/dL) 205 +41 — 200+ 36 — 190 + 36 — NS

HDL-c (mg/dL)” 47 1S 46 S0+11 48 43+9 41 .04*
(29-112) (29-150) (27-70)

LDL-c (mg/dL) 131+32 — 129+ 30 — 119+31 — NS

Triglycerides (mg/dL)? 145 +92 147 115+74 86 135+75 111 NS
(41-540) (42-346) (40-425)

FPG (mg/dL)” 89+14 87 94+9 92 94+9 92 NS
(59-128) (77-113) (77-113)

Creatinine (mg/dL) 0.94+0.16 — 0.79+0.12 — 0.97+0.12 — <.01*

Testosterone (ng/dL) 456 £250 — 36+12 — 514 +£300 — <.01*

Estradiol (pg/mL) 38+34 — 40+ 30 — 34126 — NS

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-c, high-density lipoprotein cholesterol; LDL-c,
low-density lipoprotein cholesterol; NS, nonsignificant; PP, pulse pressure; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; Yrs, years. Unit

conversion: testosterone—1 ng/mL =2.76 nmol/L.
*P < .05 was considered to be statistically relevant.
“Nonparametric Kruskal-Wallis test.
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Figure 1. Comparative analysis of the carotid—femoral pulse wave
velocity (cf-PWV) value in the transgender men (TM) group with
long-term use of testosterone therapy, cisgender women health control
group, and cisgender men healthy control group. The 3 groups were
matched for age and body mass index. The mean duration of
testosterone therapy in the TM group was 14 + 8 years. A P< 0.05 was
considered statistically relevant. *P=0.02; ***P < 0.01;

ns- non-significant.

P =.01), cf-PWV and duration of testosterone treatment
(r =0.32; P=.04) were demonstrated in the TM group. The
duration of testosterone treatment also showed a significant
and positive correlation with the testosterone levels (r=0.4;
P =.004). The diagnosis of hypertension in the TM group
was significantly and positively correlated with the age (r=0.5;
P=.01).

In the control group, the correlation between cf-PWV and
age was significant and positive for cisgender women (r = 0.46;
P<.01) and not significant for cisgender men (r=0.12;
P =.3). The cf-PWYV was significantly and positively correlated
with SBP (r=0.35; P<.01) and DBP (r=0.28; P=.03) in cis-
gender control women. The cf-PWV was not significantly corre-
lated with SBP (r=.13; P=.3) and DPB (r=0.12; P=.4) in
cisgender control men.

ANCOVA, using SBP and DBP as covariates, showed a sig-
nificant relationship between SBP and c¢f-PWV in TM in rela-
tion to cisgender women, but not to cisgender men.

Multiple linear regression analysis was performed to deter-
mine the effect of different variables on the arterial stiffness
parameter, and age, SBP, and diagnosis of hypertension
were independently associated with cf-PWV in TM (Table 2).

Discussion

To date, our study is the first to demonstrate that arterial stiff-
ness measured by cf-PWV is elevated in TM after long-term
testosterone use compared with age- and BMI-matched cis-
gender men and women. This result might indicate a patho-
logical basis for the higher cardiovascular risk associated
with testosterone therapy.

Epidemiological studies have shown a higher incidence of
CVD in cisgender men than in cisgender premenopausal wom-
en, and these data suggest a role of sex hormones in this sex
difference, indicating a protective effect of estrogen and a po-
tential detrimental effect of testosterone [33]. Therefore, it
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Figure 2. Correlation between carotid—-femoral pulse wave velocity and
age in the transgender men group with long-term testosterone therapy.
Dashed line =line of unity; solid line = regression line.

was supposed that transgender individuals receiving testoster-
one were at higher risk, but the great majority of the studies
evaluating cardiovascular endpoints in TM failed to show
an increased cardiovascular mortality rate when compared
with the general population [27, 34, 35]. The younger age
and the relatively short period of androgen treatment in these
TM may justify the negative results [36].

In contrast, the correlation between being transgender and
the rate of myocardial infarction and CVD risk factors, based
on 2017 Behavioural Risk Factor Surveillance System (BRFSS)
data, has shown that TM are at higher risk for myocardial in-
farction than cisgender women after adjusting for CVD risk
factors, including age, diabetes, hypertension, hypercholester-
olemia, chronic kidney disease, smoking, and exercise [37].

Vascular changes in TM receiving gender-affirming hor-
mone therapy have rarely been investigated, and few results
have been reported. Emi et al evaluated 111 TM (48 treated
with androgen for 45 + 38 months and 63 untreated) using
brachial-ankle PWV to measure arterial stiffness and showed
that TM receiving testosterone presented higher brachial-
ankle PWYV than untreated subjects [2]. These results indi-
cated a higher arterial stiffness, similarly to our findings. In
contrast to the study of Emi et al, our methodology using
cf-PWV measurements is considered the gold standard, and
we also compared TM with cisgender men and women of
similar ages. These data suggest that testosterone therapy in
TM interferes with vascular function more than in age-
matched cisgender men.

Nevertheless, Giltay et al showed no effect of testosterone
treatment on carotid and femoral distensibility (an index of re-
gional arterial stiffness) in a prospective evaluation of 18 TM
(median age 23 years) during 12 months of androgen therapy
[3]. In contrast to our results, the authors used a localized re-
gional analysis of arterial stiffness, and the age of the patients
and the time of testosterone use were lower than those in our
population. These findings suggest the necessity of long-term
androgen exposure to develop vascular stiffening. McCredie
et al evaluated 12 TM, aged 33 + 6 years, who had received
testosterone for 38 + 52 months, and encountered a signifi-
cantly decreased sublingual nitroglycerin response when com-
pared with 12 cisgender female healthy group, although the
flow-mediated vasodilatation was not significantly decreased
in the transgender group [4], suggesting a possible decreased
response to vasodilators in TM receiving testosterone.

Several studies have demonstrated that age and blood
pressure are the main determinants of cf-PWV [38-41]. In
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Table 2. Multiple linear regression using carotid—femoral pulse wave
velocity as a dependent variable

Variable B-coefficient R*  Pvalue
Age (years) 526 0.27 .04*%
Systolic blood pressure (mmHg) -.710 0.01 .04*
Diastolic blood pressure (mmHg) 175 0.01 NS
Hematocrit (%) .203 0.05 NS
Creatinine (mg/dL) .109 0.01 NS
Testosterone (ng/dL) 102 0.01 NS
Duration of testosterone therapy -.282 0.08 NS
(years)
Hypertension .102 0.01 .03*

*Statistical significance was set at P value < 0.05.

our cohort, aortic stiffness was significantly and positively as-
sociated with the age of the TM, as observed in the general
population. The mechanisms involved in acceleration of the
aging-related aortic stiffening observed in TM receiving ex-
ogenous testosterone are still unknown.

Higher blood pressure levels were observed in TM group
than in cisgender groups (Table 1). Higher SBP levels, as a de-
termining factor for the arterial stiffness among the groups,
represented the influence variable evaluated in our study by
ANCOVA analysis. The comparison between the arterial stiff-
ness of TM and cisgender women group showed that the SBP
levels contributed significantly to the negative impact of
cf-PWYV in TM group. A parallel can be drawn with anabolic
androgenic steroids abusers. A case—control study showed
that current and former anabolic androgenic steroids abusers
displayed increased arterial stiffness compared with age-
matched controls, related to high SBP and low plasmatic natri-
uretic peptides [42].

A study analyzing the flow-mediated vasodilation of the
brachial artery in TM using physiological doses of testoster-
one showed that the magnitude of the vasodilator response
was significantly lower in TM than in cisgender women
matched for age and health conditions. This difference was in-
dependent of baseline arterial diameter or CV risk factors such
as smoking, BMI, or serum lipid levels, suggesting that other
factors such as inflammation or endothelial dysfunction could
explain the differences that were observed [43]. Additionally,
an increase in leukocyte—endothelium interactions, adhesion
molecules, and proinflammatory cytokines was demonstrated
in TM after 12 weeks of testosterone treatment [44].

The increased arterial stiffness caused by ageing involves
mechanisms such as the degeneration of the elastic fibers in the
vascular wall with partial replacement of elastin by collagen. In
addition, high blood pressure, present in most elderly people,
contributes to the fragmentation of the elastin in the vessel
wall, promoting additional arterial stiffening. Receptors for ster-
oid hormones have been identified in human arterial vessels such
as the aorta, carotid arteries, and coronary arteries [45]. In the
culture of aortic smooth muscle cells, testosterone reduces the
elastin/collagen ratio, providing a structural basis for the increase
in arterial stiffness, since collagen is considered a substance that
can be up to 1000 times stiffer than elastin [46, 47]. Long-term
testosterone exposure could enhance this effect.

The short-term effect of testosterone ester use on the pa-
tients studied resulted in a great variability of the total

testosterone levels, based on the intervals of the injections
and the personal ability to metabolize androgen. Therefore,
we suggest that the duration of androgen treatment can re-
present a better parameter than the measurement of serum
basal testosterone level in evaluating the chronic action of ex-
ogenous testosterone treatment in transgender subjects. We
suppose that the chronic and cyclic supraphysiological levels
of testosterone cypionate, achieved between 2 and 7 days after
injection, are potentially associated with arterial stiffening.
Reinforcing this idea, our study demonstrated that the dur-
ation of androgen treatment, but not the testosterone levels,
was significantly and positively correlated with cf-PWV.

Furthermore, the differences in arterial stiffness observed
in our study could also have been due to possible structural
and functional vascular differences intrinsically linked to
genetic sex or a combination of sex hormone effects. As de-
scribed above, arterial stiffness increases with age in both
sexes beginning in childhood [48]. However, this increase
appears to be more pronounced in cisgender women, since
in the postmenopausal phase, they present higher arterial
stiffness than cisgender men of the same age [48]. At early
ages, differences in arterial stiffness between cisgender men
and women also seem to exist. Ahismastos et al evaluated
the arterial stiffening pattern of 58 prepubertal and 52 post-
pubertal children of both sexes by measurement of PWV and
arterial compliance. In the prepubertal phase, girls had high-
er arterial stiffness (higher cf-PWV and lower arterial com-
pliance) than boys, but this difference was eliminated in
the postpubertal phase. Both sexes demonstrated increased
arterial capacitance after puberty, but girls developed vessels
with higher distensibility, and boys developed stiffer vessels
[46]. These results suggest that there are intrinsic sex differ-
ences in arterial stiffness that can be modulated by male and
female sex hormones.

Although the present study showed interesting results, it has
some limitations. First, the sample size was small. The absence
of aortic stiffness measurements in transgender individuals
prior to beginning testosterone therapy constituted another
limitation of the study. Correlations of vascular indices with
the waist-hip ratio and other parameters of body composition
accessed by bioimpedance analysis or dual-energy x-ray ab-
sorptiometry were not performed, but would likely add infor-
mation to the study, since the BMI may be an insufficient
parameter to match the groups. Finally, we cannot affirm
that our results can be extended to patients using other testos-
terone formulations which lead to fewer peaks and troughs,
such as longer acting testosterone formulations or transder-
mal testosterone gel.

To the best of our knowledge, this report presents the first
demonstration that TM receiving long-term treatment with
testosterone had higher aortic stiffness correlated with age
than cisgender controls matched for age and BMI. These find-
ings indicate that aortic stiffness might be accelerated in the
TM group receiving gender-affirming hormone treatment,
and suggest a potential deleterious effect of testosterone on ar-
terial function. Preventive measures in TM individuals receiv-
ing testosterone treatment, who are at higher risk for
cardiovascular events, are highly recommended.
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