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Abstract

Background: Venous thromboembolism (VTE), ischemic stroke, and myocardial infarction in
transgender persons may be related to hormone use.

Objective: To examine the incidence of these events in a cohort of transgender persons.

Design: Electronic medical record-based cohort study of transgender members of integrated
health care systems who had an index date (first evidence of transgender status) from 2006
through 2014. Ten male and 10 female cisgender enrollees were matched to each transgender
participant by year of birth, race/ethnicity, study site, and index date enrollment.

Setting: Kaiser Permanente in Georgia and northern and southern California.

Patients: 2842 transfeminine and 2118 transmasculine members with a mean follow-up of 4.0
and 3.6 years, respectively, matched to 48 686 cisgender men and 48 775 cisgender women.

Measurements: VTE, ischemic stroke, and myocardial infarction events ascertained from
diagnostic codes through the end of 2016 in transgender and reference cohorts.

Results: Transfeminine participants had a higher incidence of VTE, with 2-and 8-year risk
differences of 4.1 (95% ClI, 1.6 to 6.7) and 16.7 (Cl, 6.4 to 27.5) per 1000 persons relative to
cisgender men and 3.4 (Cl, 1.1 to 5.6) and 13.7 (Cl, 4.1 to 22.7) relative to cisgender women. The
overall analyses for ischemic stroke and myocardial infarction demonstrated similar incidence
across groups. More pronounced differences for VTE and ischemic stroke were observed among
transfeminine participants who initiated hormone therapy during follow-up. The evidence was
insufficient to allow conclusions regarding risk among transmasculine participants.

Limitation: Inability to determine which transgender members received hormones elsewhere.

Conclusion: The patterns of increases in VTE and ischemic stroke rates among transfeminine
persons are not consistent with those observed in cisgender women. These results may indicate the
need for long-term vigilance in identifying vascular side effects of cross-sex estrogen.

Transgender persons are a diverse group whose gender identity differs from a male or female
sex designation, which usually is assigned at birth (1). Although some transgender persons
may not self-identify on the basis of binary definitions (2), a person whose gender identity
differs from a male sex designation at birth often is referred to as male-to-female,
transfeminine, or trans woman, and a person whose gender identity differs from a female sex
designation at birth often is referred to as female-to-male, transmasculine, or trans man (3,
4). Some transgender persons undergo medical treatment to align their physical appearance
with their gender identity (5, 6).

A specific area of concern in transgender health is the risk for acute cardiovascular events
(ACVEs), including venous thromboembolism (VTE), ischemic stroke, and myocardial
infarction, which might plausibly be related to cross-sex hormone therapy (7). As reviewed
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elsewhere (8 —11), the direct evidence addressing this issue is sparse and inconsistent
because of the predominance of small studies with very few reported events.

A direct evaluation of the evidence regarding the incidence of ACVES requires a
longitudinal study that includes large numbers of transfeminine and transmasculine
participants, with sufficient follow-up, appropriate control groups, and documented cross-
sex hormone use among participants (12). Integrated health care systems with electronic
medical records (EMRs) allow efficient identification and follow-up of hard-to-reach
population subgroups, such as transgender persons. Our objective was to compare ACVE
incidence rates in a cohort of transgender persons enrolled in 3 such health care systems
with rates observed in age-, race-, site-, and membership-matched cisgender men and
women (reference cohorts).

Cohort Ascertainment

This study took place at Kaiser Permanente sites in Georgia, northern California, and
southern California and was coordinated by Emory University. All activities were reviewed
and approved by the institutional review boards of the 4 institutions. The methods of cohort
ascertainment were described in detail previously (13, 14). As summarized in the
Supplement and Supplement Figure 1 (available at Annals.org), cohort selection involved a
3-step algorithm: an initial EMR search to identify cohort candidates (step 1), validation of
transgender status (step 2), and determination of transmasculine or transfeminine status (step
3).

Ten male and 10 female cisgender Kaiser Permanente enrollees were matched to each
member of the final validated transgender cohort by race/ethnicity (non-Hispanic white,
non-Hispanic black, Asian/Pacific Islander, Hispanic, and other), year of birth (within a 5-
year interval), study site, and calendar year of membership based on the index date. Index
date was defined as the first recorded evidence of transgender status. We used both male and
female cisgender reference groups because hormone serum concentrations among
transgender persons may range from normal physiologic male to normal physiologic female
levels, depending on receipt and dosage of hormone therapy as well as individual
characteristics (15). A 10:1 ratio was used to allow stratified analyses (for example, by
hormone therapy type) while ensuring a sufficient number of cisgender referents for each
cohort member. Each transgender cohort member was linked to matched referents via a
unique cluster identification number (ID) to allow subanalyses.

Data Collection and Analysis

Only persons aged 18 years or older at their index date who were determined to be
transmasculine or transfeminine, along with their matched referents, were included. All
study participants were characterized with respect to their Kaiser Permanente enrollment
history and their cigarette smoking status, body mass index (BMI; kilograms per square
meter), blood pressure, and total blood cholesterol level at baseline. Variable categorization
is presented in the footnotes to the tables and in the Supplement.
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Transgender hormone treatment was determined through EMR linkages to prescription data
by using national drug codes. Linkages with the International Classification of Diseases,
Ninth Revision and 10th Revision (ICD-9 and ICD-10), and Current Procedural
Terminology codes were used to ascertain surgeries and other interventions. Feminizing
drugs (such as estradiol and spironolactone) in a participant recorded as male at birth and
masculinizing drugs (such as testosterone) in a participant documented as female at birth
were considered evidence of hormone therapy.

In both the transgender and the reference cohorts, ACVESs were ascertained on the basis of
ICD-9 or ICD-10 codes. The lists of codes and numbers of cases ascertained by each code
are specified in Supplement Table 3 (available at Annals.org). Only ACVEs with a diagnosis
date during follow-up were used in the analyses. History of ACVEs was defined as having
an event with a diagnosis date before the start of follow-up.

Statistical Analysis

All transgender cohort members were characterized as transfeminine or transmasculine and
grouped further according to their history of cross-sex hormone use. Follow-up in the overall
analysis extended from the index date until the first occurrence of the event of interest,
disenrollment from the plan for more than 90 days, death, or the end of the study period (30
November 2016). For participants who began hormone therapy at Kaiser Permanente after
the index date (hormone initiation cohort), additional analyses were conducted. In these
analyses, follow-up started on the date of the first filled prescription for estrogen or
testosterone for transfeminine or transmasculine participants, respectively. Matched referents
were assigned the same start date for follow-up.

Missing covariate values for BMI, blood pressure, and total cholesterol level were assigned
by using multiple imputation methods (7= 5 imputations). Incidence rates were calculated
as the number of cases per 1000 person-years, and the corresponding 95% Cls were
calculated by using the Poisson distribution. Both unadjusted Kaplan-Meier curves and
weighted cumulative incidence curves adjusted for covariates at the population means were
constructed to compare the incidence of each ACVE type in the transmasculine and
transfeminine participants with those in the corresponding matched reference cohorts. Risk
differences at 2, 4, 6, and 8 years were calculated directly from the adjusted cumulative
incidence curves. The 95% CI for each risk difference estimate was calculated via a
bootstrapping procedure using 1000 random samples with replacement.

In the primary analysis, we used multivariable Cox proportional hazards models to compare
ACVE rates in the overall transfeminine and transmasculine cohorts and among members of
the hormone initiation cohorts with those in the matched cisgender reference groups, after
controlling for history of any ACVE, smoking status, BMI, blood pressure, and blood
cholesterol level ascertained near the index date. Each model was stratified by cluster 1D to
account for matching. Proportional hazards assumptions were tested by examining log-
minus-log plots for each variable in the model and by performing a goodness-of-fit test
using Schoenfeld residuals (16). The results of the Cox models were expressed as adjusted
hazard ratios with corresponding 95% Cls. Because the weighted cumulative incidence
curves could not account for matching, hazard ratios from models that were not stratified by
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cluster ID were also calculated and are included in Supplement Tables 4 and 5 (available at
Annals.org). When evidence (such as log-minus-log survival plots) suggested that the
proportional hazards assumption was violated, stratified Cox models were used to control
for covariates, and extended Cox models with time-dependent hazard ratio estimates were
used for the main independent variables of interest (16).

Although the cohort size precluded detailed analyses by specific hormone therapy regimens,
some examination of treatment subcategories was possible. These secondary exploratory
analyses focused on transfeminine cohort subgroups defined on the basis of administration
route (oral or other) and estrogen type (estradiol or other). In addition, the highest daily
hormone dosages were summarized for participants who had an event of interest and in
those who received hormone therapy but remained ACVE-free.

We examined the effect of different case and exposure definitions, risk factors, and analytic
approaches by conducting a series of sensitivity analyses (Supplement). To investigate the
effects of unaccounted confounding, we calculated a range of E-values for the main results
and the lower limits of their 95% ClIs observed in Cox regression models (17). The data
analyses were performed with SAS, version 9.4 (SAS Institute). E-values were obtained by
using an online calculator for hazard ratios with an outcome prevalence of less than 15%.

A total of 6456 transgender cohort members were identified in the EMR. After persons
younger than 18 years at their index date (7= 1347), those with unknown sex designation at
birth (7= 75), and those with no follow-up data (7= 74) were excluded, the study group
included 4960 transgender participants and matched reference cohorts of 48 686 cisgender
men and 48 775 cisgender women.

The transgender cohort comprised 2842 (57%) transfeminine and 2118 (43%)
transmasculine persons (Table 1). More than 50% of participants in both groups were non-
Hispanic whites; Hispanics represented 18% of transfeminine and 14% of transmasculine
participants, whereas the remainder of the study population was distributed approximately
equally among non-Hispanic blacks, Asians/Pacific Islanders, and persons whose race/
ethnicity was marked as other or unknown. The proportion of newly identified cohort
members increased over time, with approximately 40% of participants identified in the 3
most recent years. About 38% of the transgender cohort had a normal BMI around the index
date, which was greater than the proportion of reference men but less than that of reference
women. Fewer than 20% of participants were current smokers at or around the index date,
with the highest proportion observed in the transmasculine group (Table 1).

The average follow-up was 4.0 (SD, 3.0) years in the transfeminine group and 4.4 (SD, 3.1)
years in the matched reference cohort. For transmasculine participants and their matched
reference cohort, the mean follow-up was 3.6 (SD, 2.7) and 3.9 (SD, 2.9) years, respectively.

The transfeminine participants had 148 ACVEs since the index date: 61 VTES, 54 ischemic
strokes, and 33 myocardial infarctions. In the transmasculine cohort, 23 VTEs, 16 ischemic
strokes, and 9 myocardial infarctions occurred.
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The transfeminine cohort had an increase in post-index date incidence of VTE compared
with either reference cohort, and the difference seemed more pronounced with increased
follow-up, with 2-and 8-year risk differences of 4.1 (95% Cl, 1.6 to 6.7) and 16.7 (Cl, 6.4 to
27.5) per 1000 persons relative to cisgender men and 3.4 (CI, 1.1 to 5.6) and 13.7 (Cl, 4.1 to
22.7) per 1000 persons relative to cisgender women (Table 2 and Supplement Figure 2, A
and D, available at Annals.org). The incidence of ischemic stroke was about the same in all
3 cohorts (Table 2 and Supplement Figure 2, B and E, available at Annals.org). The
incidence of myocardial infarction in the transfeminine cohort was greater than in reference
women but no different from the incidence in reference men (Table 2 and Supplement Figure
2, C and F, available at Annals.org).

In the analyses limited to transfeminine persons who initiated estrogen therapy after the
index date (estrogen initiation cohort), the differences in VTE and ischemic stroke incidence
rates compared with either reference cohort were evident. The adjusted survival curves, and
particularly the Kaplan-Meier curves (Supplement Figure 3, available at Annals.org),
suggested inflection points around 2 years of follow-up for VTE (Figure 1) and at 6 years of
follow-up for ischemic stroke (Figure 2). The corresponding adjusted cumulative incidence
curves for myocardial infarction in the estrogen initiation cohort did not show statistically
significant differences (Figure 3), but the hazard ratio estimates in Table 2 are imprecise
because few events (/7= 4) occurred in the exposed group.

Although results of the Schoenfeld goodness-of-fit test were not statistically significant,
changes in relative rates overtime and a violation of the proportional hazards assumption
were suggested by log-minus-log plots (Supplement Figure 4, available at Annals.org) in the
analyses for VTE and ischemic stroke in the estrogen initiation cohort. For this reason, the
hazard ratios for VTE in this category of participants are presented separately for follow-up
of 2 years or less and for follow-up longer than 2 years, whereas the analyses for ischemic
stroke used 6 years as the cutoff. As shown in Table 2, the hazard ratio estimates—after
adjustment for cluster ID, BMI, history of ACVE of interest, blood pressure, blood
cholesterol level, and smoking—in the 0-to 2-year follow-up for VTE and the 0-to 6-year
follow-up for ischemic stroke were closer to the null than the corresponding estimates in the
later periods; this was consistent with the inflection points observed on log-minus-log plots.

The cumulative incidence curves for most analyses in the transmasculine cohort closely
followed those of the 2 matched reference cohorts (Supplement Figure 5, available at
Annals.org). These curves were consistent with the results of the multivariable Cox
regression analyses (Table 3). The hazard ratio estimates for VTE in the overall
transmasculine cohort that used cisgender men and cisgender women as the reference
categories were 1.6 (Cl, 0.9 to 2.9) and 1.1 (CI, 0.6 to 2.1), respectively. The corresponding
results were 1.1 (Cl, 0.6 to 2.0) and 1.3 (Cl, 0.7 to 2.5) for ischemic stroke and 0.7 (Cl, 0.3
to 1.8) and 1.3 (ClI, 0.5 to 3.9) for myocardial infarction. Analyses restricted to the
testosterone initiation cohort were limited because of relatively few events (Table 3).

Hormone dosages are described only for members of the estrogen initiation cohort who
received oral estradiol alone, the most common formulation-route combination. The average
maximum daily dosage of estradiol received during follow-up was 4.1 mg (range, 1 to 10
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mg) for transfeminine participants with either VTE or ischemic stroke (7= 11) and 4.2 mg
(range, 0.3 to 10 mg) for those with neither event (7= 391). Among transfeminine
participants who had either event, the average maximum daily dosage during the first 2 years
of follow-up was lower (3.6 mg; range, 1.0 to 7.0 mg) than the corresponding dosage after 2
years of follow-up (5.6 mg; range, 2.0 to 10.0 mg). The mean values for transfeminine
participants with no ACVE were similar before and after 2 years of follow-up (4.1 vs. 4.4
mg), and the dose ranges for the 2 intervals were the same (0.3 to 10 mg).

The results of most sensitivity analyses were similar to those of the main analyses
(Supplement Tables 6 and 7, available atAnnals.org). However, the precision of some
estimates decreased because of fewer events. Supplement Table 8 (available at Annals.org)
presents E-value calculations for the main associations observed in this study, with the focus
on statistically significant results. The E-values for observed point estimates ranged from 1.7
to 19.3. The corresponding E-values for lower estimates of 95% Cls that excluded 1.0
ranged from 1.7 to 5.5.

Discussion

The results of this EMR-based cohort study of transgender persons indicate that
transfeminine participants had higher rates of VTE and, to a lesser extent, ischemic stroke
relative to the corresponding rates among cisgender men and women. Myocardial infarction
rates were greater among transfeminine participants than in matched cisgender women but
were similar to those observed among cisgender men. The evidence was insufficient to draw
conclusions about increased risk for any of the ACVEs of interest among transmasculine
participants.

Results further indicate that the increases in VTE and ischemic stroke rates were most
pronounced among transfeminine participants who initiated estrogen therapy during follow-
up and that the patterns of these increases differed substantially from those reported in
previous research. For example, in a clinical trial of hormone replacement therapy in
postmenopausal women, VVTE rates increased relatively rapidly after the intervention began
and seemed to decline and then plateau by 5 years of follow-up (18). Likewise, in a case-
control study of VTE and estradiol use in Sweden, the risk was elevated only during the first
year after the start of therapy (19). In contrast, in our estrogen initiation cohort, VTE rates
increased only after 2 years of follow-up and continued to rise for another 5 to 6 years.
Likewise, the ischemic stroke rates in the estrogen initiation and 2 reference cohorts did not
differ during the first 6 years of follow-up but clearly diverged afterward.

Previous studies of cisgender women demonstrated that the presence and magnitude of the
association between estrogen hormone therapy and both VTE and ischemic stroke may
differ by medication type, drug combinations, and administration routes (20-26). Although
the data on hormone replacement therapy in cisgender women come from high-quality
studies, including large randomized placebo-controlled clinical trials, the results of these
studies may not apply to transgender persons.
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Unlike research of hormone replacement therapy in cisgender populations, placebo-
controlled clinical trials of transgender hormones may not be ethically acceptable (12). For
this reason, evidence pertaining to the risks and benefits of hormone therapy in transgender
persons must be obtained from observational studies (27-31). One of the largest studies to
date included a cohort of 816 transfeminine participants who received oral ethinyl estradiol
(100 mcg/d) or transdermal estradiol and 293 transmasculine patients who received
parenteral testosterone esters or oral testosterone undecanoate (30). The study participants
were seen in the outpatient department of Free University Hospital in Amsterdam between
1975 and 1994. Among the transfeminine participants, 45 cases of VTE occurred, only 5 of
which arose after surgery. With the general male population of the Netherlands used as a
reference, this number of VTE cases was 20-fold higher than expected. Only 1 case of VTE
was observed in transmasculine cohort members. A cross-sectional study in Belgium
examined morbidity in transgender patients who received transgender care at Ghent
University Hospital (31). Transfeminine (7= 214) and transmasculine (7= 138) patients
who had at least 3 months of cross-sex hormone therapy between 1986 and 2012 were each
age matched to 3 cisgender men and 3 cisgender women. Most transfeminine patients
received 2 mg/d of oral estradiol valerate (43%), transdermal estradiol gel (36%), or
estradiol patches (14%). Prevalence estimates for history of VTE among transfeminine and
transmasculine persons were 6.7% and 1.5%, respectively. No cases of VTE occurred in any
of the referent participants.

A distinguishing feature of our study is that it represents one of the largest cohorts of
transgender persons in the United States and, to our knowledge, is the only study of this size
that carefully validated transfeminine or transmasculine status in the participants. Although
the information on hormone therapy and surgical transgender treatment received within the
Kaiser Permanente system is relatively high quality, one of the study’s main limitations was
the inability to determine from the data which participants received care elsewhere. This
limitation restricted our ability to identify a subcategory of transgender cohort members with
no history of transgender treatment of any kind. Our results suggest that some persons with
no evidence of hormone therapy at Kaiser Permanente may have received it from other
sources. This observation has both research and clinical implications because it illustrates
the challenges of reconstructing the full, lifetime history of hormone therapy use.

Even with the relatively large group of patients who initiated hormone therapy at Kaiser
Permanente, many useful subanalyses evaluating risks associated with specific types of
hormone treatment were not feasible because of sparse drug-and dose-specific strata. In a set
of exploratory analyses, we could examine the data on subgroups of patients who received
estrogen orally, the most common route of administration. We also could study the estradiol-
only estrogen group and the group that received other estrogen formulations. These
exploratory analyses do not provide evidence of substantial heterogeneity across subcohorts,
but limited conclusions may be drawn because of the paucity of counts in some of the
smaller strata. We also found some evidence that dosages increased for participants who had
a VTE or an ischemic stroke but not for those who were event-free. No statistical
comparisons of the dosage distributions were possible because of the small numbers of
events. Of note, the documented dosages in our cohort exceeded those reported in the
European studies (30, 31), which also found greater risks for VTE.
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Although the current analysis was adjusted for several covariates, some information on
possible confounders was not available. For example, we did not have data on statin use or
various comorbid conditions. In addition, because transgender persons receive much of their
care from a select group of health care providers who do not necessarily practice in the same
clinics as providers with primarily cisgender patients, we could not account for differences
by clinical site. However, sensitivity analyses indicate that the most important observed
associations, such as those reported for VTE, are probably not a result of any potential effect
of unmeasured confounders.

It is important to keep in mind that no single study may be considered sufficient for
answering all relevant research questions regarding comparative risks and benefits of various
treatment options. This is true particularly in observational research, in which the ability to
examine specific formulation-route-dosage combinations or rates of rare events depends on
the available data. For example, although we did not observe statistically significantly
elevated rates of some of the less common events, such as myocardial infarction among
transfeminine or any ACVEs among transmasculine patients, interpreting these data as
conclusive evidence of no association would be premature. In particular, our analyses
suggest that transmasculine persons receiving testosterone may be at higher risk for
myocardial infarction, but the number of events was insufficient because of the relatively
young age of the transmasculine cohort. A larger cohort and extended follow-up will allow
additional analyses of more specific treatment options (such as various combinations of
estradiol with antiandrogens and progesterone) and less common events, such as myocardial
infarction among trans men or different subtypes of VTE among trans women.

In summary, the present study demonstrated that cross-sex estrogen is a risk factor for VTE
and probably ischemic stroke among transfeminine persons. We also observed that patterns
of VTE and ischemic stroke incidence among transfeminine persons receiving hormone
therapy were different from those reported in cisgender women receiving hormone
replacement therapy. If confirmed, these results may indicate the need for increasing
vigilance in identifying long-term vascular side effects of estrogen therapy in transgender
patients. In the meantime, it is critical to keep in mind that the risk for ACVEs in this
population must be weighed against the benefits of treatment.
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Permanente Southern California; RD = risk difference.
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