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Abstract 
Context: Cardiovascular disease (CVD) in transgender women (TW) may be affected by gender-affirming hormone therapy (GAHT) and HIV, but 
few data compare TW on contemporary GAHT to well-matched controls.
Objective: We compared CVD burden and biomarker profiles between TW and matched cisgender men (CM).
Methods: Adult TW on GAHT (n = 29) were recruited for a cross-sectional study (2018-2020). CM (n = 48) from the former Multicenter AIDS 
Cohort Study were matched 2:1 to TW on HIV serostatus, age ±5 years, race/ethnicity, BMI category and antiretroviral therapy (ART) type. 
Cardiac parameters were measured by CT and coronary atherosclerosis by coronary CT angiography; sex hormone and biomarker 
concentrations were measured centrally from stored samples.
Results: Overall, median age was 53 years and BMI 29 kg/m2; 69% were non-white. All participants with HIV (71%) had viral suppression on 
ART. Only 31% of TW had testosterone suppression (<50 ng/dL, TW-S). Traditional CVD risk factors were similar between groups, except 
that TW-S had higher BMI than TW with non-suppressed testosterone (TW-T). TW-S had no evidence of non-calcified coronary plaque or 
advanced coronary stenosis, whereas TW-T and CM had similar burden. TW had lower prevalence of any coronary plaque, calcified plaque 
and mixed plaque than CM, regardless of testosterone concentrations and HIV serostatus. Estradiol but not testosterone concentrations 
moderately and negatively correlated with the presence of coronary plaque and stenosis. Small sample size limited statistical power.
Conclusion: Older TW with suppressed total testosterone on GAHT had no CT evidence of non-calcified coronary plaque or advanced coronary 
stenosis. Longitudinal studies to understand relationships between GAHT and CVD risk in TW are needed.
Key Words: transgender women, coronary disease, gender-affirming hormone therapy, HIV
Abbreviations: ART, antiretroviral therapy; ASCVD, atherosclerotic cardiovascular disease; AT, adipose tissue; BMI, body mass index; CAC, coronary artery 
calcium; CD, cluster of differentiation; CM, cisgender men; CT, computed tomography; CVD, cardiovascular disease; CW, cisgender women; EN-RAGE, 
extracellular newly identified receptor for advanced glycation end products; ET-1, endothelin-1; FABP, fatty acid binding protein; GAHT, gender-affirming 
hormone therapy; HOMA-IR, homeostatic model assessment of insulin resistance; IL, interleukin; MACS, Multicenter AIDS Cohort Study; PAI, plasminogen 
activator inhibitor; PWH, people with HIV; SAT, subcutaneous adipose tissue; sCD14, soluble CD14; SHBG, sex hormone–binding globulin; sTNFR, soluble 
tumor necrosis factor receptor type; TW, transgender women; TW-S, transgender women with total testosterone <50 ng/dL; TW-T, transgender women 
with total testosterone ≥50 ng/dL; VAT, visceral adipose tissue; VCAM, vascular cell adhesion molecule. 
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Transgender women (TW) have a high prevalence of modifi-
able cardiovascular disease (CVD) risk factors [1-8] and are 
disproportionately affected by HIV, with published HIV 

prevalence rates ranging from 14% to 42% [9, 10]. 
Gender-affirming hormone therapy (GAHT), HIV, and anti-
retroviral therapy (ART) have each been associated with 
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altered body composition, inflammatory and coagulation 
pathway abnormalities, and cardiometabolic disturbances 
[11-13], creating a potentially unique milieu for CVD devel-
opment among TW.

Feminizing GAHT (estrogen ± antiandrogen therapy) for 
transgender and gender-diverse individuals assigned male sex 
at birth can harmonize gender identity and physical expres-
sion, and regimens are highly individualized. For example, 
suppression of circulating total testosterone concentrations 
into the normal range for cisgender women (CW) (<50 ng/dL) 
is not the goal or does not occur for all TW, creating a range 
of testosterone exposure in the population. Similarly, estrogen 
dosing varies widely by provider and geography. Together, 
these may create scenarios where GAHT may alter cardiometa-
bolic risk to varying degrees across populations of TW. GAHT 
causes fat gain and may increase metabolic disease risk [14], al-
though the longer-term CV effects of GAHT are controversial 
[15-17], with some studies observing heightened CVD risk 
[18], systemic inflammation, and metabolic disease [19-21], 
and others favorable changes in lipid profiles and body compos-
ition [22, 23].

Similarly, HIV and ART are associated with altered body 
composition, metabolic disturbances [11], inflammation and 
immune activation [24, 25], and multiple coagulation path-
way abnormalities [26-28]. Furthermore, HIV is associated 
with increased CVD risk, with CVD being a leading cause of 
morbidity and mortality among people with HIV (PWH) on 
suppressive ART [29-34]. The mechanisms underlying height-
ened CVD risk in PWH are not well understood, but are be-
lieved to involve traditional as well as HIV- and 
ART-specific risk factors, with fat gain/obesity development 
after ART initiation as an example of the latter [35-37].

There are limited data addressing the confluence of contem-
porary GAHT-, HIV-, and ART-induced immunometabolic 
alterations and their effects on body composition and cardio-
metabolic risk in TW. We conducted an observational, cross- 
sectional study to compare coronary atherosclerosis burden 
and circulating biomarker profiles between TW and matched 
cisgender men (CM). We hypothesized that TW with circulat-
ing total testosterone concentrations in the normal range for 
CW (<50 ng/dL) would have less atherosclerotic burden 
than matched CM.

Materials and Methods
Study Design and Participants
TW were recruited between 2018 and 2020 from community- 
based organizations and clinics in Baltimore, Maryland, USA, 
and Houston, Texas, USA, for a pilot, observational study. 
Participants were enrolled sequentially without regard to HIV se-
rostatus. Inclusion criteria for TW included self-identification as 
a TW or transfeminine person, being aged 40 to 70 years, on cur-
rent GAHT for 3 months or longer, and ability and willingness to 
undergo computed tomography (CT) scans and to provide writ-
ten informed consent. For TW with HIV, written documentation 
of HIV serostatus was required, and participants were required 
to be taking ART and have HIV-1 RNA with fewer than 
50 copies/mL at screening. For TW believed not to have HIV, 
documented HIV testing within the prior 90 days and/or testing 
immediately prior to enrollment was required (latter available at 
the enrollment sites and most individuals were retested the day of 
enrollment). Exclusion criteria included living with HIV-1 and 
not receiving ART, history of coronary artery bypass grafting, 

heart valve surgery, coronary angioplasty or atrial fibrillation, 
weight 300 pounds (136 kg) or more, estimated glomerular filtra-
tion rate of 60 mL/min or less, and history of contrast allergy or 
nephropathy.

Matched control CM were selected from participants of the for-
mer Multicenter AIDS Cohort Study (MACS) Cardiovascular 
Substudies 2 or 3 (CVD2, CVD3). These cohorts were chosen 
due to overlapping clinical and demographic characteristics with 
the communities of TW enrolled. The MACS was initiated in 
1984 to study the natural history of HIV among men who have 
sex with men and to establish a repository of biologic specimens 
for future study [38]. Participants were enrolled from 4 sites 
(Pittsburgh, Pennsylvania, USA; Baltimore, Maryland, USA/ 
Washington, DC, USA; Chicago, Illinois, USA; Los Angeles, 
California, USA) over 4 time periods (1984-1985, 1987-1990, 
2001-2003, 2010+) and completed semiannual visits that included 
a standardized medical history interview, clinical evaluations, 
laboratory tests, and storage of specimens. The MACS 
CVD2 (2010-2013) and CVD3 (2015-2017) substudies were de-
signed to assess metabolic, inflammatory, immunologic, and 
HIV-specific factors associated with coronary atherosclerosis. 
Complete methodological details of CVD2 and CVD3 have 
been described previously [39, 40]; in brief, men were aged 40 
to 70 years, did not have a history of heart surgery or coronary 
angioplasty, weighed less than 300 pounds (136 kg), and were 
willing and able to provide informed consent.

CM were matched 2:1 (where possible, see “Results” for 
details) to TW on HIV serostatus, age within 5 years, race/eth-
nicity, body mass index (BMI) category, and ART type to re-
duce the potential of confounding from those variables and 
achieve more comparable groups. All CM with HIV had un-
detectable HIV-1 RNA on ART. MACS participants identify-
ing on the transfeminine spectrum at the time of CVD2/3 
participation were excluded from the pool of potential con-
trols and included as cases. Specimens and data from MACS 
participants were collected at the time of substudy participa-
tion, as described earlier.

Study Procedures

General
The study was approved by the institutional review boards of 
Johns Hopkins University (Baltimore, Maryland, USA) and 
UTHealth Houston (Houston, Texas, USA). For TW, written 
informed consent was obtained prior to the initiation of study 
procedures. Consent for MACS participants was covered 
under their MACS CVD 2/3 consent.

TW self-reported basic demographic information, medical 
history including substance use history, and current medica-
tion usage. A separate GAHT questionnaire assessed GAHT 
usage, including current or past usage, GAHT type and fre-
quency, and GAHT source. For MACS CM, existing variables 
equivalent to those available for TW were selected.

Blood collection and circulating biomarker and sex hormone 
concentrations
For TW, blood was collected in the fasting state (nothing to eat 
or drink except water and medications for at least 8 hours) for 
comprehensive metabolic panel, lipid panel, complete blood 
count, HIV-1 RNA, and CD4+ T lymphocyte count measure-
ment at a local certified laboratory. If HIV-1 RNA and CD4+ 

T lymphocyte count were obtained within 30 days prior to 
date of entry through routine clinical care, those values were 
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used instead of redrawing samples for additional laboratory 
testing at screening. The homeostatic model assessment of in-
sulin resistance (HOMA-IR) index was calculated as fasting in-
sulin [µIU/mL] × fasting glucose [mg/dL])/405, glomerular 
filtration was estimated by the 2021 Chronic Kidney 
Disease–Epidemiology Collaboration equation (https://www. 
kidney.org/professionals/kdoqi/gfr_calculator/formula) using 
sex assigned at birth for all participants, and 10-year risk for 
atherosclerotic cardiovascular disease (ASCVD) was esti-
mated by the 2021 ASCVD Risk Estimator Plus by the 
American College of Cardiology at https://tools.acc.org/ 
ascvd-risk-estimator-plus/#!/calculate/estimate/using sex as-
signed at birth for CM and current gender for TW [41].

Additionally, serum and plasma were collected from TW and 
stored at −70 °C in the laboratory of Dr Jordan Lake (UTHealth 
Houston, Houston, Texas, USA) until batched biomarker meas-
urement could occur. Control serum and plasma samples were 
sent from the MACS repository (National Institutes of Health, 
Frederick, Maryland, USA) to the processing laboratories. The 
measured circulating biomarkers were chosen for their known re-
lationships to CVD, inflammatory processes, and/or coagulation 
abnormalities. Soluble CD14 (sCD14, R and D Systems catalog 
No. DC140, RRID:AB_3095885), soluble CD163 (sCD163, R 
and D Systems catalog No. DC1630, RRID:AB_3096052), 
interleukin-6 (IL-6, R and D Systems catalog No. HS600C, 
RRID:AB_2893335), fatty acid-binding protein-4 (FABP-4, 
(ImmunoDiagnostics catalog No. 31030, RRID:AB_2933962), 
high-molecular-weight adiponectin (R and D Systems catalog 
No. DRP300, RRID:AB_2783020), insulin (R and D Systems 
catalog No. DINS00, RRID:AB_3073852), endothelin-1 
(ET-1, R and D Systems catalog No. DET100, RRID: 
AB_3099470), and vascular cell adhesion molecule-1 
(VCAM-1, R and D Systems catalog No. DVC00, RRID: 
AB_2941366) were analyzed by Quantikine ELISA (enzyme- 
linked immunosorbent assay), and soluble tumor necrosis factor 
receptor type (sTNFR, R and D Systems catalog 
No. LUCAM726, RRID:AB_3099473) I/II, interleukin-8 (IL-8, 
R and D Systems catalog No. DY208, RRID:AB_2892143), 
and plasminogen activator inhibitor-1 (PAI-1, R and D Systems 
catalog No. LOBM1786, RRID:AB_3099472) were measured 
by Luminex assay. Assays were performed per each manufac-
turer’s instructions. All samples were run in duplicate to assess 
variability, and the percentage of coefficient variance was consist-
ently less than 15%. Biomarkers assays were performed in the la-
boratory of Dr Jordan Lake (UTHealth Houston, Houston, 
Texas, USA), except that extracellular newly identified receptor 
for advanced glycation end products (EN-RAGE) was measured 
by DuoSet ELISA (R and D Systems, catalog No. DY1052-05, 
RRID:AB_3099471) in the laboratory of Dr Nicholas 
Funderburg (The Ohio State University, Columbus, Ohio, USA).

Sex hormone measurements (estradiol and total testoster-
one by liquid chromatography–mass spectrometry; free tes-
tosterone by equilibrium dialysis; sex hormone–binding 
globulin [SHBG] by Access Chemluminescent Immunoassay 
[Beckman Coulter catalog No. A48617, RRID: 
AB_2893035]) were measured at the Brigham Research 
Assay Core Laboratory (Brigham and Women’s Hospital, 
Boston, MA, USA) in batch at end of study.

Computed tomography scan performance and interpretation
For CM, cardiac parameters and body composition were pre-
viously measured in the CVD2 and CVD3 substudies by non-
contrast, cardiac CT imaging and single-slice scans of the 

abdomen at the level of the umbilicus (L4-L5 vertebral level) 
and mid-thigh (15 cm above the patellar apex), as well as cor-
onary CT angiography for assessment of coronary luminal nar-
rowing/stenosis, plaque presence, and composition. Complete 
MACS CVD2/3 CT scanning procedures have previously been 
published [39, 42]. TW underwent the same protocol as MACS 
CVD2/3 participants, with measurement of coronary artery 
calcium (CAC) and adipose tissue (AT, subcutaneous [SAT], 
visceral [VAT]) areas and densities. Deidentified CT images 
were electronically transferred to the same reading center 
used for CM (The Lundquist Institute, Torrance, California, 
USA) for centralized, blinded analysis. Fat was identified using 
anatomic landmarks and density ranges of −190 to 0 
Hounsfield Units (HU), depending on depot. Fat area was re-
ported in cm2 and density in HU. Liver and spleen images, 
when available, allowed assessment of the liver-to-spleen at-
tenuation ratio. Moderate-to-severe hepatic steatosis was de-
fined as liver-to-spleen attenuation ratio less than 1.0.

Each coronary segment was analyzed using the modified 
15-segment model of the American Heart Association [43]. 
Using axial images, multiplanar reconstructions, and 
maximum-intensity projections, the reader assessed the pres-
ence, size, and composition of coronary plaque and the degree 
of luminal narrowing stenosis in all assessable coronary seg-
ments. Plaque size was graded as 0 (none), 1 (mild), 2 (moder-
ate), or 3 (severe). Segment stenosis was defined as 0 (none), 1 
(1%-29% [minimal]), 2 (30%-49% [mild]), 3 (50%-69% 
[moderate]), or 4 (≥70% [severe]). The total plaque score 
was calculated by summing the plaque size score for all assess-
able coronary segments that showed any plaque (calcified, 
noncalcified or mixed), up to a maximum score of 45. This 
measure has been shown to be highly reproducible [44]. The 
segment involvement score was calculated as the sum of coron-
ary artery segments with plaque, regardless of the degree of 
stenosis. Each coronary segment was classified as normal or 
containing noncalcified, mixed (50% of plaque area occupied 
by calcium) or calcified plaque. Calcified atherosclerotic pla-
que was defined as any structure with attenuation greater 
than 130 HU visualized separately from the intravascular lu-
men, identified in at least 2 independent planes. Noncalcified 
atherosclerotic plaque was defined as any discernible structure 
that could be clearly assignable to the vessel wall, with a CT 
density less than the contrast-enhanced coronary lumen but 
greater than the surrounding connective tissue and identified 
in at least 2 independent planes. Finally, the noncalcified, 
mixed, and calcified plaque scores were calculated by summing 
the plaque scores in each plaque segment separately.

Statistical Analysis
For this analysis, a planned sample size of TW (N = 40) was es-
timated to detect differences in biomarker concentrations with 
90% power and differences in noncalcified plaque burden with 
80% power, compared to controls. This estimate was based 
around an achievable and clinically significant between-group 
difference in log10 sCD14 in PWH of 0.07 (SD 0.09) [45, 46]. 
Thirty-six evaluable participants per arm were needed to detect 
a 0.07 log10 sCD14 level difference between any 2 groups with 
90% power and a 0.05 2-sided type I error rate, under the as-
sumption that the SD of log10 sCD14 is 0.09 across groups.

Demographic and clinical characteristics were summarized as 
median (interquartile range, IQR) or frequency. Due to a limited 
number of participants without HIV, results were not stratified 
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by HIV serostatus, though sensitivity analyses by HIV serostatus 
were performed. Given that testosterone in the normal range for 
CW is not the goal for many TW on GAHT and having total tes-
tosterone in the normal range for CW reflects a physiologic state 
where testosterone is not currently contributing to CVD risk, 
results from TW were stratified by total testosterone less than 
50 mg/mL or greater than or equal to 50 ng/dL [47].

Kruskal-Wallis and Pearson χ2 tests compared continuous 
and categorical variables, respectively, between groups. 
Given the presence of nonnormality in a majority of the vari-
ables, bivariate correlations were assessed using the Spearman 
rank correlation method. Statistical significance was defined 
as a 2-sided P less than .05. For this hypothesis-generating, pi-
lot study, no adjustments were made for multiple compari-
sons. Analyses were conducted in R version 4.2.0 (http:// 
www.R-project.org, R Foundation).

Results
Study Population
Twenty-nine participants were enrolled between July 2018 and 
January 2020, with enrollment stopped short of the target of 
40 due to the COVID-19 pandemic. All participants self- 
identified as TW and were categorized as having total testoster-
one in the normal range for CW (TW-S, n = 9) vs not (TW-T, 
n = 20). Two TW identified among MACS CVD substudy partic-
ipants were included as patient cases. TW were matched 2:1 to 
CM selected from MACS CVD2 or CVD3 participants by HIV 
serostatus, age within 5 years, race/ethnicity, BMI category, 
and ART type (latter when possible). One TW-T participant 
did not have matched controls due to a lack of specimen avail-
ability; all analyses including and excluding this participant 
had similar results (results including this participant shown).

Clinical and demographic characteristics of the participants 
are presented in Table 1. Briefly, TW-S had a median (IQR) 
age of 51 (45-60) years, 67% were Black/African American, 
67% were living with HIV, and the median BMI was 33 
(28-39). TW-T had a median age of 53 (43-57) years, 45% 
were Black/African American, 30% Hispanic/Latina and 
20% White, 80% were living with HIV, and the median 
BMI was 29 (26-32). Participants living with HIV had un-
detectable plasma HIV-1 RNA, a median CD4+ T-cell count 
greater than 500 cells/μL, and most were receiving integrase 
strand transfer inhibitor-based ART. All TW reported estro-
gen use and half in both the TW-S and TW-T groups reported 
spironolactone use. No other antiandrogen use was reported. 
Median reported duration of current GAHT use was 3.5 (IQR 
2.7) years (N = 18). Overall, 65%, 17%, and 14% reported 
use of oral, transdermal, and intramuscular formulations, re-
spectively. One TW reported use of a progestin (megestrol 
acetate). No TW had history of gonadectomy.

Overall, TW had similar metabolic profiles and frequencies 
of traditional CVD risk factors as CM, regardless of HIV se-
rostatus. Ten-year ASCVD risk scores were also statistically 
similar to CM, though the median among TW (when using 
current gender for sex variable), 6%, is classified as borderline 
risk, whereas the median of 8% among CM is classified as 
intermediate risk.

Sex Hormone and Biomarker Results
TW-S and TW-T had significantly higher serum estradiol con-
centrations than CM, though many were below the target 

range of 100 to 200 pg/mL [47]. Notably, TW-T had similar 
total testosterone concentrations to CM (see Table 1).

TW-S and TW-T had significantly higher median ET-1 con-
centrations than CM. TW-T had lower sCD14 concentrations 
than CM; TW-S had higher IL-6 and lower PAI-1 concentra-
tions than CM (all P < .05), and similar concentrations of re-
maining biomarkers (Table 2). When restricting to TW with 
HIV, attenuated differences were seen in IL-6 and PAI-1 
(data not shown). EN-RAGE concentrations among TW 
were higher than expected based on general population esti-
mates [48]; concentrations were not measured for CM due 
to lack of control sample availability.

Testosterone concentrations strongly and inversely corre-
lated with TNFRII (R = −0.8; P = .03) and VCAM (R =  
−0.7, P = .04) concentrations. Though coefficients remained 
the same when restricting to PWH, the P value for TNFRII re-
mained significant, but the P value for VCAM did not. No oth-
er statistically significant correlations were observed between 
sex hormone and biomarker concentrations.

Body Composition
TW-S and TW-T both had significantly lower intrathoracic and 
thoracic periaortic AT areas than CM. Additionally, both groups 
of TW had higher thigh muscle AT area (P < .01), but similar epi-
cardial AT, SAT, VAT, and thigh subcutaneous AT areas as CM. 
Neither TW-S nor their controls had moderate-to-severe hepatic 
steatosis by liver-to-spleen ratio assessment; frequency of hepatic 
steatosis was low among TW-T and their controls (8% vs 10%; 
P > .05) (Table 3). Results were similar excluding participants 
without HIV (data not shown).

Among TW-T, testosterone concentrations moderately and 
negatively correlated with abdominal SAT (R = −0.5, P = .02) 
and VAT (R = −0.5, P = .03) areas. No other robust correla-
tions were found between sex hormone concentrations and 
fat quantity.

Cardiac Outcomes
TW-S had no evidence of noncalcified coronary plaque or ad-
vanced coronary stenosis. Additionally, all TW had lower 
prevalence of coronary plaque of any type, calcified coronary 
plaque, and mixed coronary plaque than CM, regardless of 
testosterone concentrations and HIV serostatus (all P > .5), 
though differences were generally greater between TW-S vs 
CM than TW-T vs CM. There were no significant differences 
in prevalent CAC or median CAC Agatston scores among par-
ticipants with prevalent CAC (Table 4).

Estradiol but not testosterone concentrations were moder-
ately and negatively correlated with the presence of plaque 
of any type (R = −0.5), calcified plaque (R = −0.5), mixed pla-
que (R = −0.5), any coronary stenosis (R = −0.6), and having 
a CAC Agatston score greater than 0 (R = −0.4), though none 
of these achieved statistical significance (all P > .05). These 
correlations weakened when restricting analyses to TW living 
with HIV.

Discussion
In this pilot study, middle-aged TW on GAHT with serum to-
tal testosterone concentrations in the normal range for CW 
and high rates of HIV and traditional CVD risk factors had 
zero prevalence of noncalcified coronary plaque and zero 
prevalence of obstructive coronary plaque (stenosis >50%), 
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Table 1. Clinical and demographic characteristics

TW-S (N = 9) CM (N = 15) P TW-S vs CM TW-T (N = 20) CM (N = 33) P TW-T vs CM

Age, y 51 (45-60) 55 (48-57) a 53 (43-57) 55 (50-57) a

Race/ethnicity a a

Black/African 67% 60% 45% 42%
American

White 33% 40% 20% 30%
Hispanic/Latinx 0 0 30% 27%
Asian/Pacific Islander 0 0 5% 0

% living with HIV 67% 60% a 80% 76% a

CD4+ T-cell count, cells/µL 599 (402-605) 697 (624-925) .2 820 (750-901) 609 (497-726) .01
ART (if living with HIV)

PI 11% 13% .8 10% 18% .4
NNRTI 11% 13% .8 10% 27% .1
INSTI 44% 33% .7 55% 45% .6
TAF/TDF 44% 53% .4 55% 64% .3
ABC 22% 7% .4 15% 9% .6

Hepatitis B, history of 0 7% .4 5% 0 .2
Hepatitis C, history of 22% 7% .2 20% 9% .3
10-y ASCVD scoreb 6% (4-7) 8% (6-13) .1 6% (5-10) 8% (4-10) .7
BMI 33 (28-39) 32 (27-34) a 29 (26-32) 28 (25-32) a

Current smoker 11% 33% .2 40% 21% .1
Hypertension 25% 53% .2 30% 42% .4
Diabetes 11% 21% .5 10% 15% .6
Fasting glucose, mg/dL 94 (83-103) 95 (90-114) .8 92 (87-97) 98 (92-105) .06
HOMA-IR 2.1 (0.9-2.9) 1.9 (1.6-3.1) .5 1.8 (1.3-7) 1.8 (1.4-3.6) .7
Hyperlipidemiac 33% 71% .07 55% 82% .04

Total cholesterol, mg/dL 177 (172-185) 177 (154-198) .7 162 (156-215) 184 (156-215) .6
HDL cholesterol, mg/dL 54 (47-61) 46 (39-50) .01 46 (38-57) 45 (37-56) .9
LDL cholesterol, mg/dL 104 (91-115) 104 (93-132) .4 96 (84-142) 115 (91-131) .8
Triglycerides, mg/dL 89 (75-112) 120 (75-175) 123 (74-190) 131 (93-167) 0.9

Lipid-lowering agent use
Statins 20% 7% .3 40% 15% .05
Fibrates 10% 0 .4 10% 3% .4
Ezetimibe 0 7% .6 0 3% .6
Other 0 0 0 6%d .4

On hormone therapy
Estrogens (any form) 100% 0 100% 0
Androgen antagonists 44% 0 50% 0
Testosterone 0 7% 0 6%

Hormone concentrations
Estradiol, pg/mL 78 (59-129) 24 (18-31) .002 66 (30-116) 22 (17-27) <.001
Total testosterone, ng/dL 13 (12-17) 400 (346-549) <.001 453 (294-765) 431 (338-510) .6
Free testosterone, ng/dL 0.5 (0.4-0.6) 9 (7-15) <.001 13 (7-18) 13 (11-15) .9
SHBG, nmol/L 73 (63-166) 32 (26-39) .003 68 (37-86) 33 (29-43) .004

Frequency or median (interquartile range) presented. 
Abbreviations: ABC, abacavir; ART, antiretroviral therapy; ASCVD, atherosclerotic cardiovascular disease; BMI, Body mass index; CD, cluster of differentiation; CM, 
cisgender men; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment of insulin resistance; INSTI, Integrase strand transfer inhibitor; LDL, 
low-density lipoprotein; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; SHBG, sex hormone–binding globulin; TAF, tenofovir 
alafenamide; TDF, tenofovir disoproxil fumarate; TW-S, transgender women with total testosterone <50 ng/dL; TW-T, transgender women with total testosterone 
≥50 ng/dL. 
aMatching factor. 
bASCVD risk score was calculated using sex assigned at birth for CM and current gender for TW. 
cHyperlipidemia was clinically diagnosed and/or participant was on lipid-lowering agents at screening. 
dNiacin (N = 1), omega-3 fatty acid (N = 1).
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compared to 47% and 20% prevalence in CM, respectively. 
Since noncalcified plaque is more vulnerable, susceptible to 
rupture, and extensively linked to acute coronary syndromes 
[49-52], and the presence of obstructive plaque would indi-
cate advanced ASCVD, these 2 findings collectively support 
our hypothesis of a cardioprotective effect of testosterone sup-
pression in TW on GAHT.

We also observed several findings that support the afore-
mentioned hypothesis but did not reach statistical signifi-
cance, possibly because of small sample size. Specifically, the 
prevalences of calcified plaque, CAC (Agatston score >0), 
and mixed plaque were lower among TW-S than among high-
ly matched CM controls. Additionally, estradiol concentra-
tions in TW moderately and negatively correlated with the 
presence of any plaque and coronary stenosis.

TW in our study experienced male puberty prior to GAHT 
initiation. Our provocative preliminary findings may there-
fore suggest that vascular disease developing early in life, 
that is, in the face of testosterone exposure, proceeded as ex-
pected for CM and TW, but that subsequent testosterone sup-
pression/GAHT minimized the formation of new plaque in 

TW. Interestingly, TW-S in our cohort had a median serum es-
tradiol concentration (78 pg/mL) lower than might be ex-
pected for “optimized” GAHT (100-200 pg/mL) [53], but 
certainly higher than expected for a CM [54]. Notably, all 
TW had at least partial testosterone suppression that was like-
ly driven, at least in part, by estrogen therapy. Estrogen is 
known to lower testosterone by exerting negative feedback 
at the hypothalamic-pituitary level [55] and increasing hepatic 
production of SHBG and cortisol-binding globulin [56], the 
latter of which promotes further reduction of free and bio-
available testosterone [57]. Since the main difference between 
TW-S and TW-T in our cohort was testosterone exposure and 
not estradiol exposure, and since TW-T and CM controls had 
similar testosterone exposure, we hypothesize that testoster-
one suppression is critical to GAHT-associated cardioprotec-
tion in TW.

In seeming consonance with our findings and similar to 
the general population, the Mechanistic Substudy of the 
REPRIEVE Trial, which enrolled 800 PWH aged 40 to 
75 years who had low-to-moderate ASCVD risk scores from 
the United States, found that women had a lower prevalence 

Table 2. Biomarker concentrations

TW-S (N = 9) CM (N = 15) P TW-S  
vs CM

TW-T (N = 20) CM (N = 33) P TW-T  
vs CM

IL-6, pg/mL 2.9 (1.9-4.2) 1.5 (0.9-1.9) .04 1.6 (1.1-2.8) 1.7 (0.8-2.6) .6
EN-RAGE, pg/mL 30 848 (15 815-49 464) 72 434 (27 194-168 250)
FABP4, pg/mL 31 423 (25 096-41 057) 27 310 (21 706-31 626) .6 22 951 (17 217-33 914) 22 073 (16 037-31 099) .4
sTNFRII, pg/mL 2592 (2291-3226) 3187 (1675-4069) .8 3378 (2534-4346) 2930 (2250-3788) .3
Endothelin, pg/mL 3.3 (2.4-5.4) 1.7 (1.3-1.9) .01 2.9 (1.8-4.8) 1.4 (1.2-1.9) <.001
CD163, ng/mL 462 (331-566) 476 (410-567) .6 598 (469-733) 588 (499-696) .9
CD14, μg/mL 1.65 (1.49-1.84) 1.60 (1.42-1.74) .3 1.47 (1.33-1.59) 1.71 (1.46-2.02) .03
Total adiponectin, μg/mL 4.7 (3.4-5.8) 3.3 (2.8-6.1) .5 6 (3.5-9.1) 4.2 (2.5-5.4) .07
VCAM-1, ng/mL 505 (397-528) 531 (468-598) .5 577 (501-747) 662 (542-876) .1
IL-8, pg/mL 2.8 (2.0-2.8) 0.1 (0.1-1.0) .06 1.5 (0.2-3.8) 0.4 (0.1-2.5) .3
PAI-1, pg/mL 15 490 (9454-20 352) 24 828 (14 645-31 134) .03 20 250 (14 989-40 951) 22 807 (12 838-42 883) .9

Median (interquartile range) presented. 
Abbreviations: CD, cluster of differentiation; CM, cisgender men; EN-RAGE, extracellular newly identified receptor for advanced glycation end products; FABP, fatty 
acid binding protein; IL, interleukin; PAI, plasminogen activator inhibitor; sTNFR, soluble tumor necrosis factor receptor type; TW-S, transgender women with total 
testosterone <50 ng/dL; TW-T, transgender women with total testosterone ≥50 ng/dL; VCAM, vascular cell adhesion molecule.

Table 3. Body composition

TW-S (N = 9) CM (N = 15) P TW vs CM TW-T (N = 20) CM (N = 33) P TW-T vs CM

Abdominal subcutaneous fat, cm2 450 (316-578) 348 (250-440) .2 281 (252-420) 277 (169-420) .5
Abdominal visceral fat, cm2 161 (114-190) 145 (105-224) .9 131 (87-199) 160 (123-200) .3
Thigh muscle fat, cm2 27 (15-34) 9 (5-11) .004 15.2 (12-18.0) 7.3 (3.5-10.3) <.001
Thigh subcutaneous fat, cm2 78 (44-108) 52 (37-78) .2 50 (35-59) 55 (25-84) .9
Epicardial fat, cm2 59 (52-73) 81 (56-92) .2 59 (44-69) 73 (47-102) .1
Intrathoracic fat, cm2 90 (55-112) 150 (118-220) .02 77 (64-87) 140 (79-198) .002
Thoracic periaortic fat, cm2 8 (6-19) 23 (16-35) .03 7 (6-10) 20 (10-35) <.001
Liver-spleen attenuation ratio 1.29 (1.15-1.61) 1.29 (1.13-1.43) .9 1.3 (1.26-1.32) 1.22 (1.11-1.31) .2
Moderate-to-severe hepatic steatosisa 0 0 8% 10% .9

Median (interquartile range) or frequency presented. 
Abbreviations: CM, cisgender men; TW-S, transgender women with total testosterone <50 ng/dL; TW-T, transgender women with total testosterone ≥50 ng/dL. 
aLiver-spleen ratio less than 1.0.
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than men of any coronary artery plaque and plaque with vis-
ible noncalcified portions and/or vulnerable plaque features, 
after adjusting for ASCVD risk score and BMI [58]. 
However, in the Women’s Health Initiative trial of postmeno-
pausal women on oral conjugated equine estrogens alone, the 
hazard ratio for all CV events was increased at 1.11 (95% CI, 
1.01-1.22) compared to placebo, while the hazard ratios for 
total myocardial infarction, coronary artery bypass grafting/ 
percutaneous coronary intervention, and CV death were not 
increased [59]. Additionally, the potential association be-
tween profound androgen-deprivation therapy (as experi-
enced by some TW) and CVD has been extensively 
examined in men with prostate cancer and remains controver-
sial, with several studies showing positive associations and 
others reporting contrary results [60, 61]. A possible explan-
ation for these conflicting findings may lie in the inclusion of 
populations with dissimilar baseline rates of CVD risk factors 
and comorbidities.

Cardiac fat depots mirror VAT, and their quantity and 
quality contribute to the higher observed CV risk in PWH 
[62]. Epicardial fat, which has been associated with coronary 
artery plaque burden in PWH [63] and in the general popula-
tion [64], was similar across groups in our study. Prevalence of 
high thoracic periaortic AT area, which has been associated 
with coronary calcium and CVD risk factors, was higher in 
women than men with normal VAT in the Framingham 
Heart Study [65, 66]. Unlike that observed sex difference, 
TW with and without testosterone in the normal range for 
CW in our study had significantly lower thoracic periaortic 
AT than CM.

We found remarkable differences in select circulating bio-
marker concentrations between TW and age-, race-, BMI-, 
and HIV serostatus matched CM, with TW-S having higher 
IL-6 concentrations than CM. Plasma IL-6 concentrations 
have been independently associated with the risk of major ad-
verse CV events, CV mortality, and all-cause mortality in indi-
viduals with and without history of CVD [67-70]. In a recent 
study, younger TW living with HIV had a significantly higher 
median IL-6 concentration than CM and CW with a similar 

frequency of traditional CVD risk factors [71]. Interestingly, 
TW-S in our cohort had a significantly higher median IL-6 
concentration than CM, while TW-T did not. When restrict-
ing analysis to PWH, these differences were present but atte-
nuated (data not shown).

ET-1, a vasoconstrictor secreted primarily by endothelial 
cells, has been independently associated with prevalent and in-
cident CVD, coronary plaque burden and composition, and 
with poorer outcomes after myocardial infarction [72]. 
Sexual dimorphism has been documented, with levels being 
lower in CW of reproductive age than CM [73]. Contrary to 
these data, TW in our cohort had a significantly higher median 
ET-1 concentration than CM, regardless of testosterone con-
centration and HIV serostatus. These results conflict with a re-
cent study that also compared TW with CM from the MACS 
cohort: While ET-1 levels in that group of TW were similar to 
those found in the present study, levels in CM were higher 
than in TW in that cohort [19] and higher than expected in 
the general population [74]. The cause of high ET-1 concen-
trations among CM in that study is not known, and additional 
data are needed to understand how GAHT and/or testoster-
one suppression in TW may affect ET-1 concentrations.

Circulating EN-RAGE levels have been strongly associated 
with the risk of coronary artery disease beyond traditional 
CVD risk factors, especially acute events with plaque instabil-
ity [75]. Several recent studies of varied design and sample size 
have reported elevated EN-RAGE concentrations among TW 
[19, 20, 76]. In our cohort, TW-T had a median EN-RAGE 
concentration more than twice that of TW-S with similar rates 
of traditional CVD risk factors. Control samples were not 
available, but EN-RAGE concentrations in the general popu-
lation (median [IQR] 10 800 [7600-14 700] pg/mL) are sub-
stantially lower than observed in our cohort [48].

PAI-1 overexpression has been associated with metabolic 
syndrome and increased risk of myocardial infarction in the 
general population as well as in PWH [77-79]. PAI-1 levels 
are consistently higher in CM than CW across cohorts [80]. 
TW-S had a significantly lower median PAI-1 concentration 
than CM, while concentrations among TW-T and CM were 

Table 4. Characteristics of coronary artery disease in transgender women compared to cisgender men

TW-S (N = 9) CM (N = 15) P TW-S vs CM TW-T (N = 20) CM (N = 33) P TW-T vs CM

Prevalence of CAC (Agatston score >0) 44% 67% .3 42% 39% .8
Median CAC Agatston score among participants  

with calcium (IQR)
166 (65-350) 139 (16-335) .7 172 (14-417) 246 (72-272) .9

Prevalence of any coronary plaque 44% 73% .2 58% 67% .5
Prevalence of noncalcified plaque 0% 47% .01 42% 39% .8
Prevalence of mixed plaque 22% 40% .4 11% 30% .1
Prevalence of calcified plaque 44% 60% .5 42% 46% .8
Prevalence of coronary stenosis >50% 0% 20% .2 16% 21% .6
Prevalence of coronary stenosis >70% 0% 0% 10% 6% .6
Segment involvement scorea 0 (0-1) 2 (0-5) .2 1 (0-2) 2 (0-5) .2
Total plaque scorea 0 (0-1) 2 (0-6) .3 1 (0-3) 2 (0-6) .3
Noncalcified plaque scorea 0 (0-0) 0 (0-1) .02 0 (0-2) 0 (0-2) .9
Calcified plaque scorea 0 (0-1) 1 (0-2) .4 0 (0-1) 0 (0-2) .5
Mixed plaque scorea 0 (0-0) 0 (0-2) .6 0 (0-0) 0 (0-1) .1

Abbreviations: CAC, coronary artery calcium; CM, cisgender men; IQR, interquartile range; TW-S, transgender women with total testosterone <50 ng/dL; TW-T, 
transgender women with total testosterone ≥50 ng/dL. 
aMedian (IQR).
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similar. When restricting to PWH, the difference attenuated 
(data not shown). Our results are in conflict with those previ-
ously published in a large study of TW [19], although that 
study lacked sex hormone measurements, which may partially 
account for these differences.

Our study has important strengths, including the use of cor-
onary CT angiography, comprehensive capture of traditional 
CVD risk factors, a very well-matched CM control group, and 
GAHT use coupled with sex hormone concentration measure-
ments. There are also important limitations, including the 
cross-sectional study design, lack of complete GAHT use his-
tory for TW (current use required for study participation), CT 
scan performance across a number of years, small sample size, 
absence of a CW control group, and the fact that, while 
matched closely for demographics and HIV serostatus, con-
trol CM for the TW-S participants had higher rates of trad-
itional CVD risk factors and use of earlier generations of 
ART within the same class if living with HIV. To this last 
fact, it is still surprising given age, HIV prevalence, and 
CVD risk factor burden (whether similar to controls or not) 
that none of the TW with suppressed testosterone had evi-
dence of noncalcified plaque or obstructive coronary plaque. 
ASCVD risk score for TW was lower than for CM, but this 
could be related to the use of current gender for the score’s 
sex variable [41].

Additionally, while diagnoses associated with CVD risk 
(hypertension, diabetes, and current smoking) were more 
prevalent among CM than TW-S, the frequency of antihyper-
tensive and glucose-lowering agent use was similar. This dis-
crepancy may be accounted for by either a diagnosis or 
medication being used in the frequency reporting for metabol-
ic comorbidities in Table 1. On a related note, we acknow-
ledge that some contribution of spironolactone as an 
antihypertensive or procardiac remodeling agent on partici-
pants’ CVD risk cannot be ruled out, but our finding was 
not limited to participants on spironolactone. Additionally, 
half of participants in both the TW-S and TW-T groups re-
ported use of spironolactone, so any cardioprotective effects 
of spironolactone do not account for our results. Statin use 
was also more frequent among TW with and without total tes-
tosterone in the normal range for CW than among CM, but 
overall statin use was low and any observed benefit on plaque 
stabilization for TW-S from statin use would likely also be ap-
parent for TW-T. Lastly, time in storage was a few years lon-
ger for CM blood samples; however, samples had not 
previously been thawed and the biomarkers we chose are 
not anticipated to have had substantial degradation during 
the additional storage period.

In conclusion, we observed marked differences in CVD bur-
den between TW achieving testosterone suppression on 
GAHT and well-matched CM. However, many questions re-
main. For example, would differences between groups be 
greater if median estradiol was greater than 100 pg/mL for a 
prolonged period of time? Is total testosterone in the normal 
range for CW required for cardioprotection with estradiol- 
based GAHT in TW and, if so, what duration of testosterone 
suppression to this degree is required to achieve cardioprotec-
tion? Additionally, while a growing body of evidence suggests 
that CVD risk among TW is not accurately estimated by avail-
able equations, these equations have not been validated in this 
population with increased mortality risk [6, 41, 81, 82], re-
sults vary depending on the sex variable used [41], and the 
best way to assess CVD risk among TW on GAHT is 

unknown. Use of exogenous sex hormones, traditional and 
nontraditional CVD risk factors, gender minority stressors, 
high HIV prevalence, and inadequate access to health care 
all likely affect CVD outcomes in TW, though data are con-
flicting and mostly stem from observational studies [5, 16, 
83-86]. The substantial knowledge gap regarding how best 
to optimize CVD risk for TW highlights the necessity of pro-
spective studies to longitudinally assess CV health and to de-
termine progression of coronary artery disease among TW 
receiving standard-of-care GAHT regimens [47]. Future stud-
ies should also include both CM and CW as robust compara-
tor/control groups.
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