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Introduction: Transgender women have been reported to have a high burden of cardiovascular disease (CVD) and 

risk factors based largely on surveys. Our aim was to describe the prevalence of CVD and associated comorbidities 

among a cohort of older transgender women referred to cardiology as part of their gender-affirming care. 

Methods: This was a retrospective, cross-sectional study of transgender women at a single institution from 2017 

to 2019. 

Results: Fifty-two consecutive patients were included. The most common reasons for referral were cardiac risk fac- 

tor management (45%) and pre-operative cardiac risk stratification prior to gender-affirming surgery (35%). The 

mean age was 57 ± 10 years, 87% were white, and 92% had insurance coverage. Forty-eight patients (92%) were 

taking gender-affirming hormone therapy; 5 had undergone breast augmentation, 4 had undergone orchiectomy, 

and 2 had undergone vaginoplasty. The most common comorbidities were depression and/or anxiety (63%), 

obesity (58%), and hyperlipidemia (54%). Excluding aldosterone antagonists, 46% were on cardiac medications; 

changes were recommended for 25% of patients: new prescriptions in 9, dose adjustments in 5, and discontinua- 

tions in 4. According to the pooled cohort equation, the 10-year risk of atherosclerotic CVD was 9.4 ± 7.7% when 

the study population was calculated as male and 5.2 ± 5.1% when calculated as female ( p < 0.001). For patients 

who completed exercise testing, the functional aerobic capacity was fair (77.6 ± 21.4%) when calculated as male 

and average (99.5 ± 27.5%) as female ( p < .0001); there was inconsistency in sex used for calculating the result 

on the formal report. 

Conclusions: Older transgender women may have an underestimated prevalence of CVD and its risk factors. 

More research is needed to identify cardiovascular health profiles, improve practice consistency, and establish 

normative values for transgender patients. 
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. Introduction 

Transgender and gender diverse (TGD) adults face a myriad of
ealthcare challenges, including access to consistent care by medical
roviders with appropriate expertise; management of cardiovascular
isease (CVD) in this population is no exception. Multiple studies have
eported a disproportionate burden of CVD and its risk factors among
GD patients, especially among transgender women. [ [1–4] ] However,
hese reports are often limited by selection bias and reliance on self-
eported or subjective variables and skew toward young individuals.
 1 , 2 , 5–8 ] Moreover, the evolution of gender-affirming hormone ther-
py (GAHT) away from use of ethinyl estradiol renders some published
ata outdated, such that the risk of hard outcomes of CVD conferred by
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AHT in older TGD individuals is unknown. [ 3 , 9–11 ] Thus, recommen-
ations put forward by medical societies rely heavily on expert opinion
nd extrapolation from the cisgender population. [ 12 14 ] For example,
egular screening for cardiac risk factors and metabolic changes in trans-
ender persons treated with GAHT is recommended by clinical practice
uidelines. [13] However, treatment thresholds and targets have not
een defined. 

There is an urgent need for objective data to guide clinical and treat-
ent decisions, combat existing healthcare outcome disparities, and im-
rove education for medical providers on the specific considerations for
he TGD population. 

The primary aim of this study is to describe the cardiovascular health
f a cohort of older transgender women referred to Women’s Heart Clinic
iology; Health Services 
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WHC) using objective parameters from the electronic medical record.
dditionally, we sought to examine the impact of involving cardiologists

n coordinated, multi-disciplinary care. 

. Methods 

This was a retrospective, observational, cross-sectional study of
ransgender women at a single tertiary care center. At our institution, pa-
ients interested in GAHT or gender-affirming surgery are initially seen
n the endocrinology Transgender and Intersex Specialty Care Clinic,
here the appropriateness of and readiness for intervention is assessed.
dditional referrals are made, including to psychiatry, social work, car-
iology, or additional subspecialty care as indicated. The endocrinolo-
ists specializing in TGD care coordinate these referrals and integrate
ecommendations. Many patients are already on GAHT at the time of
rrival to our institution. 

The WHC began seeing patients in November of 1998 and now has
ecome the referral destination of transgender women needing cardiac
are. Patients included in this study were identified by searching referral
ecords from endocrinology between January 2017 and December 2019;
isgender women were excluded. 

Manual chart review for data abstraction were performed on all in-
luded patients. Variables of interest included demographic data, med-
cal and social histories, and results of blood tests, electrocardiograms,
chocardiograms, exercise treadmill tests, nuclear myocardial perfusion
ests, and coronary artery calcium scores. Scores with sex-specific vari-
bles were calculated twice, once as male and once as female. Likewise,
he 10-year risk of atherosclerotic cardiovascular disease was calculated
s both male and female. [15] 

This retrospective study was approved by the Institutional Review
oard and is in accordance with Minnesota Research Authorization. 

.1. Definitions 

Gender identity is reported here as described and self-defined by
ach patient; our use of the terms “sex ” or “biologic sex ” is based on
enetic and anatomic factors. Gender is not dictated by nor does it im-
ly the use of GAHT, a history of gender-affirming surgery, or pronoun
reference. Therefore, transgender women are those who are biologi-
ally categorized as male sex but identify as female gender. The term
cisgender ” refers to people whose gender identity corresponds to his
r her biologic sex. 

Because of charting limitations, tobacco use and alcohol use were
ichotomized as either current or prior regular use or as never used.
ardiovascular disease was defined as patients with previously docu-
ented coronary artery disease requiring revascularization, moderate

r severe valve disease, history of valve repair or replacement, or pre-
iously diagnosed cardiomyopathy or heart failure. 

. Results 

Fifty-two consecutive transgender women were referred to the WHC
uring the specified period, 16% of the transgender women who pre-
ented for Transgender and Intersex Specialty Care Clinic consultation.
he mean age was 57 ± 10 years; 87% self-identified as white. The most
ommon reasons for cardiology referral according to endocrinology doc-
mentation were management of cardiac risk factors (45%) or known
ardiovascular disease (23%), pre-operative risk assessment prior to
ender-affirming surgery (35%), and/or evaluation of symptoms con-
erning for coronary disease (6%). Some patients had multiple indica-
ions for referral. Female gender was documented in the medical chart
or 90% of patients. Twenty-nine patients (56%) had Medicare and/or
edicaid insurance, 19 (37%) were covered by private insurance, and
 (8%) were uninsured. The most common comorbidities included de-
ression and/or anxiety (63%), obesity (58%), hyperlipidemia (54%),
lcohol use (51%), chronic lung disease (38%), and tobacco use (35%);
 patient (2%) had a history of venous thromboembolism. At the time of
stablishing cardiac care, 48 (92%) were taking GAHT; 87% were taking
n estrogen preparation (38% transdermal, 27% oral, 21% injectable),
5% were on an aldosterone antagonist, and 27% were on progesterone.
he average age at initiation of GAHT was 53 ± 13 years. Regarding sur-
ical history, 5 patients had undergone breast augmentation, 2 had un-
ergone vaginoplasty and orchiectomy, 2 had undergone orchiectomy
lone, 1 had undergone facial feminization, and 1 had undergone a vocal
ord procedure for voice feminization. Complete baseline characteristics
re shown in Table 1 . 

Prior to cardiac consultation, 20 patients (38%) were already on
tatin therapy; no one was on a PCSK9 inhibitor. Regarding antiplatelet
gents, 16 (31%) were on aspirin and no one was on an alternative an-
iplatelet agent. Four patients (8%) were on systemic anticoagulation
ith warfarin or a non-vitamin K oral anticoagulant because of atrial
rrhythmia, presence of a mechanical heart valve, or a history of ve-
ous thromboembolism. 

At the WHC visit, 25% of patients had adjustments to their cardiac
edication regimen: 9 patients had new medications prescribed or rec-

mmended, 5 had dose adjustments, and 4 had one or more medica-
ions or supplements discontinued. Seven patients (13%) had ≥ 2 medi-
ation changes. The most common change was to start or escalate ther-
py for lipid management (statin therapy in 8 patients, ezetimibe in 2
atients). Aspirin was the second most common medication adjusted; it
as started in 4 patients and discontinued in 2. Two patients had over-

he-counter supplements discontinued. 

.1. Cardiovascular testing 

The most common cardiac test ordered was an electrocardiogram
90% of the cohort), of which 34% were abnormal ( Table 2 ). Informa-
ion from transthoracic echocardiography was available in 79% of pa-
ients and showed normal mean left ventricular ejection fractions, left
entricular mass indices (according to male or female sex), left atrial
olume indices, and estimated right ventricular systolic pressures. Five
atients (12% of those tested) had at least moderate valve disease or
istory of valve intervention; 1 patient had resting regional wall motion
bnormalities. Stress testing was ordered for 40 patients (77%) and was
omprised of stress echocardiogram for 35 patients, nuclear perfusion
maging in 3, and a treadmill exercise test without imaging in 2 patients.
wo patients (5% of those tested) had stress-induced ischemia, both of
hom were referred for coronary angiography, and one of whom under-
ent percutaneous coronary intervention. For patients who completed

xercise testing, the mean functional aerobic capacity (FAC) was fair
77.6 ± 21.4%) when calculated as male and average (99.5 ± 27.5%) as
emale ( p < . 0001); there was inconsistency in sex used in the formal re-
ort. Of the 7 patients who had a coronary calcium score, 3 (43%) had
etectable calcium. According to the pooled cohort equation, the 10-
ear risk of atherosclerotic CVD disease was 9.4 ± 7.7% when the study
opulation was calculated as male and 5.2 ± 5.1% when calculated as
emale ( p < 0.0001). [15] 

. Discussion 

Cardiovascular health is affected by diverse factors beyond the tra-
itional risk factors of age, sex, and tobacco use; recent guidelines
rom the American Heart Association and American College of Cardi-
logy emphasize a patient-centered, team-based approach that evalu-
tes the contributions from various sources such as genetics, comor-
idities, lifestyle habits, and socioeconomics. [16] Mental illness and
xposure to adversity are specifically and explicitly stated as risk fac-
ors that are not captured by commonly used CVD risk equations but
re of particular relevance to the TGD community. Cardiovascular care
f the TGD population is ideally provided with a comprehensive ap-
roach ( Figure 1 : Central illustration). This study of a select group of
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Table 1 

Baseline characteristics and comorbidities. 

Baseline Patient Characteristics 

n % 

Race/ethnicity 

White (non-Latinx) 45 87 

Black 1 2 

Latinx 1 2 

Other 1 2 

Unknown 4 8 

Comorbidities 

Obesity (BMI ≥ 30 Kg/m 

2 ) 30 58 

Hyperlipidemia 28 54 

Hypertension 19 37 

Diabetes mellitus 8 16 

History of myocardial infarction and/or prior revascularization 2 4 

Depression and/or anxiety 33 63 

Tobacco use 18 35 

Alcohol use 26 51 

Recreational drug use 10 19 

Asthma or chronic obstructive pulmonary disease 20 38 

Obstructive sleep apnea 16 31 

Thyroid disease 9 17 

Family history of premature coronary artery disease 5 10 

Chronic kidney disease ≥ stage 3 4 8 

Atrial fibrillation or flutter 2 4 

Prior cerebrovascular accident or transient ischemic attack 2 4 

History of venous thromboembolism 1 2 

Heart failure 1 2 

Peripheral arterial disease 1 2 

Pulmonary hypertension 1 2 

Human immunodeficiency virus infection 0 0 

Medications 

Statin 20 38 

Aspirin 16 31 

Beta blocker 8 16 

Diuretic 7 13 

Angiotensin converting enzyme inhibitor or angiotensin receptor blocker 6 12 

Calcium channel blocker 5 5 

Anticoagulation 4 8 

Insulin 3 6 

Non-insulin injectable or oral hypoglycemic agent 6 12 

Gender-affirming hormone therapy (GAHT) 

Androgen antagonist 44 85 

Estrogen 45 87 

Transdermal Estradiol 20 38 

Oral Estradiol 14 27 

Injectable Estradiol 11 21 

Progesterone 14 27 

Status post orchiectomy 2 4 

Status post vaginoplasty and orchiectomy 2 4 

Status post breast augmentation 5 10 

SD, standard deviation. 
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2 transgender women referred to cardiology as an integrated compo-
ent of their gender-affirming care documented high rates of CVD and
ts risk factors. Moreover, cardiac consultation optimized the medical
reatments of comorbidities even with high baseline rates of cardiac
rescriptions, abnormalities discovered on routine cardiac testing did
ot preclude gender-affirming care, and sex-based calculations and ref-
rence ranges led to uncertainty in result interpretation in this popula-
ion. 

Consistent with other studies, our cohort had a high prevalence of
raditional risk factors for cardiovascular disease such as obesity, hyper-
ension, hyperlipidemia, and tobacco use. [ 7 , 17 , 18 ] Likewise, high rates
f anxiety and depression were noted, both of which also have strong
ssociations with CVD. [ 19–21 ] Mental illness may be related to risk fac-
ors that are more difficult to collect by chart review but nevertheless
mpact cardiovascular health, such as minority stress, health illiteracy,
ransportation barriers, and under-employment. [16] Most patients in
his cohort had health insurance coverage, which is less common among
GD than cisgender adults. [2] This finding should be considered in the
ontext of care in a state that fully expanded Medicaid by 2014. Ad-
itionally, this older cohort had more eligibility for Medicare and had
emonstrated an ability to overcome barriers to appointments and test-
ng. Although the preponderance of risk factors for CVD in this cohort
as likely the cause for referral by endocrinology and does not reflect

omorbidity rates in all-comers, it is possible that high rates of risk fac-
ors excluded in common calculators and difficult-to-measure social de-
erminants of health lead to underestimation of CVD risk in transgender
omen. 

.1. Anticipated impacts of feminizing hormone therapy 

A major finding of this study is that even transgender women with
ccess to subspecialty medical care had room for optimization of their
ardiac medical regimens. Excluding spironolactone, 24 (46%) of pa-
ients were already on cardiovascular medications at the time of consul-
ation, most commonly lipid-lowering therapy. Some metabolic changes
an be anticipated with GAHT and therefore should prompt preemptive
edication adjustments as well as behavioral counseling. The effects of
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Table 2 

Results of initial cardiac testing. 

Results of Testing at Index Visit 

Laboratory (mean ± SD) 

Hemoglobin A1c (%) 5.5 ± 1.4 

Total cholesterol (mg/dL) ∗ 187 ± 50 

High-density lipoprotein (mg/dL) ∗ 52 ± 14 

Low-density lipoprotein (mg/dL) ∗ 99 ± 33 

Triglycerides (mg/dL) † 160 ± 129 

Creatinine (mg/dL) ‡ 1.02 ± 0.18 

Resting electrocardiogram, n = 47 (90%) 

n % 

Normal 31 66 

First degree atrioventricular block 4 9 

Left ventricular hypertrophy 3 6 

Sinus bradycardia 3 6 

Sinus tachycardia 2 4 

Nonspecific intraventricular conduction delay 2 4 

Q waves/age-indeterminate infarction 2 4 

Premature ventricular contraction(s) 2 4 

Premature atrial contraction(s) 1 2 

Right bundle branch block 1 2 

Transthoracic echocardiography, n = 41 (79%) §

Left ventricular ejection fraction (%), mean ± SD 61 ± 4 
Left ventricular mass index (g/m 

2 ), mean ± SD 80.6 ± 20.3 

Left atrial volume index (mL/m 

2 ), mean ± SD 26 ± 8 
Estimated right ventricular systolic pressure, mean ± SD 26 ± 7 mmHg 

≥ Moderate valve disease, n (%) 5 (12) 

Resting regional wall motion abnormalities, n (%) 1 (2) 

Stress testing || 

Male functional aerobic capacity (%), mean ± SD 78 ± 21 

Female functional aerobic capacity (%), mean ± SD 100 ± 28 

% predicted maximum heart rate, mean ± SD 92 ± 9 
Double product, mean ± SD 24,347 ± 4982 

Positive electrocardiographic changes, n (%) 0 (0) 

Positive imaging changes, n (%) 2 (5) 

Coronary calcium score, n = 7 (14%) 

Undetectable, n (%) 4 (57) 

Detectable calcium, n (%) 3 (43) 

Percentile range according to male sex 37–88 

Percentile range according to female sex 56–97 

SD, standard deviation. 
∗ To convert to mmol/L, multiply by 0.02586. 
† To convert to mmol/L, multiply by 0.01129. 
‡ To convert to μmol/L, multiply by 88.4. 
§ Includes rest images obtained at the time of stress echocardiogra- 

phy. 
|| Stress echocardiogram in 35, nuclear perfusion test in 3, treadmill 

exercise test in 2. 
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Fig. 1. Central illustration: Factors impacting cardiovascular care of transgen- 

der women. 
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AHT on risk factors for cardiovascular disease depend on the regimen
hosen and the routes of administration. 

The increase in thrombotic risk associated with exogenous estro-
en administration has been reported in both transgender and cisgender
omen. Data on thrombotic events on feminizing hormone therapy is

omplicated by differences in hormone formulations, routes of adminis-
ration, and doses; prescribing patterns have changed considerably over
ime. [22] There is data in both transgender and cisgender women to
uggest some degree of increased rate of venous thromboembolism on
eminizing hormone therapy. [ 23 , 24 ] Of particular importance to our
ohort, risk of thrombosis may increase over time. Providers should be
articularly mindful of this when treating older TGD, as age confers
dditional risk for thrombosis on top of decades of estrogen administra-
ion. [25] While head-to-head dose-equivalent trials are not available,
he transdermal route is generally favored for its safety profile and is
ur current practice, especially in women at increased risk. [ 23 , 26 ] 

As in assessment of thrombotic risks, the effects of GAHT on lipid
anels are difficult to summarize due to study and treatment hetero-
eneity. One study showed a decrease in LDL, HDL, and triglycerides,
27] whereas other studies have shown no significant difference, [28] an
ffect on HDL alone, [29] or a significant change in triglycerides alone.
5] Coadministration of progestins and anti-androgens may be the cause
f some conflicting results, and more data are needed before conclusions
an be drawn. [27] 

Limited observational data are available for other cardiovascular risk
actors. Changes in body composition on GAHT may be responsible for
eight gain and loss of muscle mass; [ 27 , 30 ] insulin resistance may also
e adversely affected. [ 30 , 31 ] The minimal decrease in blood pressure
oted in some studies is unlikely to be of clinical significance. [ 27 , 32 ] 

To what degree biomarkers correlate with meaningful cardiovascular
utcomes is a distinct, and perhaps more important, question. Several
tudies have reported higher rates of myocardial infarction in transgen-
er women than cisgender women but similar to cisgender men when
djusting for risk factors. [ 3 , 7 ] This similarity is the basis for our prac-
ice of interpreting test results and risk stratifying according to biologic
ex. Ischemic stroke is a unique case and appears to be more prevalent
mong transgender women than either cisgender men or women. [ 3 , 4 ]
ore research is needed in this area to elucidate the drivers of this con-

erning trend and guide clinical response. 
Notably, the use of GAHT has been associated with improvement

n other health metrics such as increased physical activity and better
ental health. [ 14 , 27 ] Beneficial effects on other healthcare domains
ave been reported when transgender women utilize transition-related
edical services. [8] Multidisciplinary collaboration may be a unique

pportunity for a comprehensive assessment of risks, tracking outcomes,
nd development of an appropriate treatment strategy. 

.2. Cardiovascular testing 

Routine cardiac testing revealed a high percentage of abnormal re-
ults, none of which precluded continuing gender-affirming care. The
nfluence of GAHT over time has been studied for common laboratory
alues, but long-term changes with respect to other types of testing are
nknown and worthy of further investigation. 

Finally, there was uncertainty applying appropriate reference ranges
or sex-based test results, including coronary artery calcium scores, func-
ional aerobic capacity, and some echocardiographic parameters. Sex
s also a component of the commonly used pooled-cohort equation to
stimate 10-year atherosclerotic CVD risk. [15] In these calculations,
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ncorporation of female sex may lead to underestimating risk and over-
stimating fitness. Inconsistent application of reference ranges and un-
nown normative values can lead to uncertainty in test interpretation.
t our institution, we have added the statement to stress test reports

or TGD patients “Normal ranges reported may not be applicable in this
ase due to specific patient characteristics ” to draw providers’ attention
o this area of uncertainty. Test results indexed to body surface area,
ncluding many echocardiographic parameters, may have an advantage
n this setting. As in cancer screening recommendations for TGD per-
ons, biologic sex should play a significant role in cardiovascular care
nd risk stratification. [13] 

. Limitations 

The cohort in this study sought gender-affirming care at a single in-
titution and was generally older and less racially diverse than reported
y population-based surveys; therefore, our findings may not be gen-
ralizable to the entire population of transgender women. The cohort
eported includes only the 16% of the transgender women that were
eferred to cardiology. Moreover, these women were at different stages
f their gender transition without uniformity in GAHT dosing or for-
ulations. This study does not establish normative reference values for

ransgender women; for example, in most cases, baseline lipid panels
rior to the initiation of any lipid-lowering therapy were not available.
inally, it does not explore reasons for prevalence of CVD or comorbid
onditions. 

. Conclusions 

The prevalence of CVD and its risk factors may be underestimated
n older transgender women. More research is needed to identify the
pecific needs of transgender patients as well as to establish normative
alues. Accessing care for GAHT may provide a gateway to a team ap-
roach for management of CVD and risk factor reduction. 
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